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1. INTRODUCTIQN

IRC:SP:48-1998

1.%. Imtiia has a vast ared Inhilly regions consisting of 1he Himalayan regean from Morh o Narhe-Easl,
the Ceniral Highlards of Aravanl, Vindhya ano Salpura rengas, iha Sahyadrl (Western ghaishand i Easten
ghats. Oul of 25 stalas and 7 urdon terrtodas, B states ara predominantly i hlly ragians in Boih.and Noan
East, whersas § athar slates have substantial hill ereas. Tha Himalayan region fsell covars abeoud a fiffh of
the coundny's Iotal arca and abeut 3000 kms of the couniry’s sansltive Internatignal bordars o aleng 1his
regian. Egonomic devalopment and sirateglc needs hava rasulted In launching of massiva road censtreciion
pragrammea in the hilly raglons and in the recent past the activily has ncreased mandald.

i.2. Thesa hiMy reghmns, generally. heve exremas of cllmatic condifions, ditkull and hazardoue
terrain, Iopography and vasl high ttitude aneas. The region |5 sparsely populaled and Basic infrastruclural
Faciliies availatre m mare developed plains of hinterdand are moslly aksent. The araas and, therelgra, the
rpafs are alfected by loods consageent 12 toreenfial rairdall, Jard-glice, snow-1all, avalanche g, , zomeelling
cerain roads to ba kept clesed in part of Ihe year, espacially In winler monihs. Howaver. 1he areas are nch

in nelyral resourcas, ok and kadna, and 2re impertand to launcn developmeant progects, industries, tounsm
£1¢,

1.3. In wignet 0l N diverse problems mel in tha area, the necessily far preparation of & manual lor
"Design, Constreciion and Maintenance of Hill Roads® 1o bang a0 unifermity of standands and 1o sarve 25 &
quideling has boen engaging the anention af the Indian Feads Congress lor prast several yeers. Tha matler
was dedibaratad upon in several meatings o e indlan Roads Congress.

1.4. A sub-committes lor compilalian of the Manuat was initially constituled in 1280, This mates was
further discugged in Gelails during Semimar an “Constrecnon of Foads in Hil Areas” hald in Maintal in Juky
1285 anvd the Sub-Commities fomned aariar was raconstified in 18586,

15, Tre Hill Reade Cammillitas (composiion gren below) deliberaled on yaflous aspesls of Uhe
rranal
Lt Sen. M5, Gosain, FYSM AYSM YEM - Convanas
D.5.M. dyvar, FYSH - Marnbet-Secretany
Members
A.T. Alra : Y. Murshari Raddy
Amal Ghosh WE. Murli
K. C.Cansal T.P.P. Nammar
#.L. Bansal T K. Materaan
Brig. 3.5. Ghasma Sal, (0w R.C. Palhak
LB. Chhwalri Pl Rao
Ditzaxam Wlr Robulia
Or. Mi.F. Dhir AR, Basin
Birig. GGobindar Smgh AV S H.K. Shamna
W5, yar %[0, Shama
KMohbammed |smail G, Shiila
H.5. Kalsh AF.5&ka
B. Karamalkhl Aaun Kumar Sincar
Padmezhrl MM, Lama M, Sivaguru
S M. Mana, AYSH YSM LB Sadin
%K. Mehotm Subrala Sinha
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Chisd Engeneer, PWLL MNagaland
Sacralary WD, Meharaghia
Ex-officin Marmbses

Piracadani,
Indlan Roads Congrass

Socratary, Indian Roads Congracs

Chial Englineer, PW O, Manlpur
Superintending Surveyar of Waorka,
P, Haw Dalnl

Direcior Geanaral (Road Developmen} &
AdcEtional Bacratary to Gout. of Indea

tt was anread thal each Chapter al the Manual should cantalm both guidelings as wall as he cooe

ol pracice with type-daslgn, tables etc., sa (hal tha Manual in itsellis gormplote dogumeant and iha axlsling
IBE: 521981 “Recommendations Abaut the Alignment Survey and Gaomatrc Deaign ol HA Roads (First
Pavisicn)® could ks form pan of e Manual, The foemal of e chapters and sub-chaplers was discassed
ang 1he drafling of lha chagtars ol the Manual wore assigned 1o The variws specialists.  The Technical
Chapters were aulharad by the follgwing andirars |

hapler
Mumber

"+ T« - N Y R = R & I I

1k
1z
13
14

15
16
17
18
1%

20

Subjerl

Deiinitians of Tarms Relating to Hill Roads
Planning Gritena

Survey and Allgnment of HAl Rpads
Geomelric Design

Foomation Works

Drainaga and Grass Drainage

Stuciures and Protecineg Works
FPavernenl Casign

Elig= stability, Erozien Control and Landzliog Corectinn
Snow Clsaranca and Svalanche Treatrant

Foad Constraction Tools, Plani and Equipimant
Maimenancs af Hill Bopds

Rradside apenllies
Satety in Hill Roads
Tralhe Manegement

Rock Blasting

Ecalagy and EmAarmnment

Creparation and Pragsantabien of Frojact Dedcumants

Author

D05 W, Ayryar, PYSM
0P, Gupta

Fadmashr M.N. Lama
DS M. Ayryar, PYSM
SN, Manz, AVSM VS
kL. Bancal

J.5, Sodhd

Cr. M P, Dhir &
Brig. 5.5. Gheama

.0 Rag
Grig 5.5. Chesm
|0+, Kalra

D.5.M. Ayyar, PYSM &
K. Balagapalan

JE. Methur

LD Kalra

DS M. Ayyar. PYSM &
1.0. Kaltg

O %M, Aypar, PYSK S
k. Balagopalurn
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Ther chaplars draltad by warious axpertes were alse Necussad at lergIh by commiitas o lig
rrelings held on G-5-86, 20-8-87 and 7-12-87. All Iva Chaptors of Iha Manual wars recaived by tha and g
1991 Buritg Whe finAl meaaling of Wil Roed Commiltes held on 23-12-21, an edional Commdies conaleting
o Bhn DLSH Awyar as il head and She 8 N, Mans and DS{A), IAC (Shrl Miimadh Singh) was constituled
1 el and ra-weig the Manyal in [REG formel,

IRC:SP:48-1998

Theraaiier tha dralt Manoal was placad belore tha marlng of Highways SpecHications &
Standards Coramilles in s meeting hald on 12-5-34. The Commidoa led That the dealt Manusel nesdad
rafinement, Far this purpose a Sub-commitiae was sal up consisting Shil .M. Mane as the Canvenar, Stari
Mirmaliit Zingh as Membar-Sacretany and S8R KB, Rajoria, PJ. Rao aml 5.C. Sharma as members. Tha
drall manual tinakized by fhie Sub-commitize was placed belore Highways Spzafications & Slandards
Sommlies in its meeling hebkd an 19388, when mormbars wera H the view thet mora tme should be glven
10 them for raviawing the manual. kt was, therefore, decided that the mambers may sand ihair Gommants n
writing 10 Mambrer-3ecratary, Highways Specifications & Sizndards Commitiee for fuher arders al the
Comvencr of Highways Specificaiions & Slandards Commitiae. Comments received [om Members were
raviewed by a sub-group, lormed by lhe Convenor, Higbways Specllicalions & Standards Committos
congesting of e ollownig

1. Shiri fndu Prakesh - kKembar-Secrelarny,
Chief Enginear {R) Z4A, H:ghwways Specifications & Siandards Commiltes
Minisirg of Surlase Transpord

. Shri AP Bahadar - Membar
Direcior,

Indian Reades Congross

3, Slri Mirnal Jit Singh . Member
Suparnlending Enginesr {TAT),
Ministey 1 Surdaco Transport

The ghove sub-group maditied the dratt in ihe light of the writien comments irom the membeiz
and Lharr pul g to the Convenar, The Convenor, HSS Commiltes approved the modiflad deafl to be plased
blora 1he Execulne Commitees,

The Freciing Commibios cansiderad the drafl gn "Hill Aoad Manual” in 43 maeting held on
2112 88 and approved for its being placed before he Council.  The Council in its 18816 meeting helo A1
MNagpLa ar 1310 January. 1997 agprevad the Manwal far prinfing waith the proviso that Sonvenar, HSS waukd
considor 1he witten ceninan’s of Membars. Agcardingly, the Corvengd, H. 5.5, Committes considared 1he
wrtlen conirrents acsd saat ihe final docurments lor orintng afer carmying cul necassary madificalars.
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2. SCOPE
a.t. Tha manual cowvers the varicus aspocts of deslgn, corstrucilonand malntarancs of raads in Hilly
RIaas,
2.2 Tha guidelines conlained in tha Mancal have [argely bean drawn frone salavant Indlan Rodde

Congress Codes, Minisiny ol Surdace Transpot Spediicallons lor Aoad and Bridge Works, DGERA Technecal
Ingiryclions, |5 codas and olher similar publications and Techmndcal papers availlable on the sutgect, To make
ihe guidelinas exhaustive, the slanderd practices prevaiing n dilerent Depanmends, which heve stiood e
les! ab tme, have alzo baen included in the Maruzl, The Manual, based on codes, prachices aic., A% per
slandard ergineaning noms, has bean compiled using the experience and experdize of the aulhors of Yanious
Chepters as wall az ather members ¢l The Hill Ropds Commitiee and Engineers who paricipaled and
contribyted to the deliberations and digcussion of the Chapters in the Hill Roads Committee mestings,

2.4 The guidelires corrained in the Manual will epply 12 8l phazses of congtructicn ard meintenansse
of hill roads. Where the cuidelines arg silent, the relevant IRC Codes, Miniginy of Suface Tranapon
Specilicalian ardfor |15 Codes would apply. Congidenng the vast vanations in ferrain, Glimalic s nd tepographss
cordifians i the differanl hill regians of ‘Fe coyntry, an ynifgrm system cannet chvisusly, spply to all areas.
As such, the guidelinas in tha manoal relevan to fne areas have 1o be ppplied. The exmernence and feedback
from the erdinears on adoplion of Ihe guidelines in 1he manual will enable upgradation and updation of the
REITE.
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3. DEFINITIONS OF TERMS RELATING TO
HILL ROADS

IRC:SP:48-1998

KR General

ain. Construction of hill reads comprises vanous stages of works vir. Raconnakssance, Surrey and
Tiece culting, Formaticn, Prolechve and Dramaga Warks, Pavemsant Works, Bridpes aic. Eech stage &
farher divided inte dillarent ilems o works. Dafinons of typical termg used normally nrslanance e hillmads
gre givenin the succeading paras. For sasy refarance, Ihese lerms are grouped Underthe iollowing headings:

i Cledaifiealion

| Aeconnassanca, Sunvey Brd Treoe quting
|l i lris s

i) Fonmabion warks

1] Prodactiyve ard tieenagn woeks

i) Pavemnenwiks

(W) Bridgis

i) Miscellaneous

3.2, Classilication

32 Hill Foad |s & road passing throwgh mountaincus of s1eap lemrain, Ag in the case of olher roada,
hill raads may be classdled as per IRC: 52-1861, as ana of the {ollowng:

() Mahanadl Hegheangs
i Sta Highways

im) Mayor Distict Aoads
| Oibver Cimdred Figaxd e
&} Wikapgo Aoades

322 Each claseilication may alzo bo qualitied by a suffic indlcatve of he meaximurn laden weight of
vehicles in tonnas which eoudd ragollate 1o road safaly.

3.2.3. Tarralnelassifieation: The classification ol the tancaun is normally dong Dy MeRns of Crss sll::!pe
o the country vie., slopa approximately perpendicularta tha centreling of 1he highway lecalian. Tha ldicwing
classification is genarally followed:

Tayrain Sl aEsdcahon Par cenl crpss shope o cownlry
il Flain 183 10
il Falimp, Groaor tan 10 uoko 25
T MumEnous Graadior hipn 25 L EO
| Craey G vt Loy’ Pt S0
a4a. Reconnaissance, Survey ard Trace Culting
330, Roconnaissance: is a preliminary and usually mpid, axaminaion ar survey of 8 regien In

relaranca 1o its naturel featuras, or olher koeal conditions 10 delammins tha locaton of a proposad highway or
pibEr work.

aaz Treca cutting: & Ihe fecipath of prescribed widih made alsng fhe propessd algrment for
lacilitating detaad surveyr, collechon of dala Mg,
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3.4. Geomelrk:a

a4.1. Lamber: |5 the convardly piven o 1he crige saction of the surasa ol (he ga rriageway to lacilitatg
drainape.

J42 Cronsfall: |5 the tall ai righl anghes 1o an Ahgnrment given to the sudacs ol any parl of 8 roadway.
It may D= exprassed a3 (3o of verlical I RariZontal or aquialanl peroenlage,

3.4.3, Curvature (degree of): is the angle In degreas sublendad al tha contre of a cirsular e by &
chord of a given langth, yaually 30 rmetars.

2.4.4, Curve horlzontal; ig the eurve in plan ko ehanga (ha diracilon of the centra ling of a read,

345 Curve transiional; |5 3 cunee whose comvature goss an changing al 8 certaln rale Irsm one
radfius Io ANcther radius for giving smomh ehange of dlrestion of road.

3.4.6. Curve vertical: is a curve in 12 longiugingl sacton af roadway o provide for easy and safe
change of gradient

2.4.7. Curve compound: iz a curve conzlsting of twe or rmore arcs of diflerant radii cunving in the sarma

clirgction and having & comman tangent at the point ar painle o junclion.

4.8, Curve reverse: iz a turve congigting af two args of the same or differant rad curving in opposie
directions and having & commen langent at fha paint of juncbon.,

3409, Gradient {Incline or geadea) : is the rata ol rise or fal with raspeq] to the horEoalal along the
l=ngth of & road expressed as 2 parcantage or as A ratic o in dagrees.

24.10.  Gradisnl ruling: iz = gradiant which in the nanmal course must never ba exceedad in amy part
ol aroad.

3491, Gradient limiting: is & geadient steeper ihan the ruling gradient which may be used in resticlad
lengths whare kespitg within the nAlkg gradient s not leasible.

3412, Gradiant excepllanal: is a gradient sweaper than the liewaiting wrawdiant whigh may be used inshon
streiches onby in extre-grdinany sibeations,

34,13, Hairpin bend. 15 a brkand in ahgnnuent reselling in revarssl af diraction al low of 1tadflc. A bend
may be fer tivarsing road dlrecticn on same faga at hill siope.

d4 14, Lalerel clearanca: is lhe distancc between the extreme edge of the oa mEgeway to the lace of
e nearast slroclure/abetruction,

34,15, Ruling minlmum radius of a curve: is he minimum radiss B curvature ol e centralme of B
UMV NECAEsany ba negotiata a curve af ruling minimum design spead.

F4.16. Absplule minimum radles of a curve: 5 the mnlpuen radius o he cenfraling ol a curve
NECeBELNy o negolizle & curva al absolule minimum design speed.

3417, FRosdway width: is the sum tolal of carmagaway wedih and shaulder widhh on ednae sida, I iz
exclusiva 0f parapats and slda drains.

34,18, Road lane widih: refers 1o e width of camageway o W raad in terms of radlic lanes. Singla
lane 3 75 M. IMermadiata 1ane 5.5 m and double lana 7.0 m 7.5 i wilh raised kerbs), mulilang 3.5 10 par
addiignal [ang.
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3440 Sighl dislance: |5 the disiance along Ihe road surfece 81 which a driver has vigibllky of chjects,
[stelionary or mowingd 81 8 gpaaified height, above 1ha carlagewsay,

IRC:SP:48-1998

3.4.20. Skiddiryy: Tha lalaral mation of tha contact area of tha yre af & moving vehicia aver ihe surlace
il tha road.

3421 Slope: is the inchination of a surfaca 1o 1he horzonlal exprassed as ong vertical [Ingar und 10 1he
numbar of hanzordal IinEar wnis, '

34,22, Superelevation: ic the inward til or trangversa inglination given (o (e gesction of a carmageway
on a hotizonial curve 1o reduce the eflects of centriluga! lorce on & moving vehicla. Suparalenvalion |6 ganaally

erpressed ag B Slope,

3423, Transltion length: is the cenireline lenglh along & curva, radius of which goes on changing i 8
eriain rate of changs of accelecalion.

3424 Vertical clearance: is thé& hsight atwes e Righest polnt of the traveling way, ie., the

gariageway and par af the shaulders meant fer vehicular uss, 10 1he lowest point of the geertvaad straclurs
ar rpck suraca.

as. Farmatken

3.5.1. Eenching: is the formaticn ol & seriez of level platfarms ar ladgss upon an inciing,

35.2. Eerm; is the hotdzental ledge or mangine formed a1 Jhe tap ar bollern of 8n e8nh siope.

351 Boulder: ia rogk fr_gment with diamater minimum plan dimensisn grealer then 300 mm and
welght nat kess than 40 kg.

354 CEH: & high, steop or cvar-hanglng rmass of rock,

355 Compacllon; is the process by which the gcil particlas are censclidated by rolling, vibraling or

ethear wans, to pack mere closely tegether, thus increasing tha dry bulk density of the aoil.

5.5, £l and till: is a derm used to describe any Seclion of earh work whick is parlly in cutling and
partky i fillng,

357 Embankment is an arlh work raised above the natural ground by the deposition of material is
SuUppars construction 2l a higher kvel.

3.5.8. Escarpment; a steer shope of ng chif resylting lromarasion o faulling and separaling wo argas
of diftaren aleyaons,

350 Farmatlon widlh s 1ha finghed wedth ol sarth work inlill ac Cul,

95170, Pass: a ramdw spac: Betwecn mountain peaks that can be used as a way throogh ef on which
e can lravel.

4.5.11. Passing Place: 15 an aroa grovidad on 1he side of 1he read an comwanianl locatians i facilitale
crossing ol vehickss approaching fram Ihe opposits dirscon and los aside 4 disebled vehicle 50 thal d dees
not obstruct trallic,

3512 Frecipice: an exiramahy Skeap high face o a clifl or mazss of ook
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4313 Roadland widih (sisg termad the Heghl ol way) |8 the land acquivad 161 road purpasas.
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3514 Rock: is natural accumulalion of méneral matiar In garih's srust of upper mantia conglating of
alaanl iwd crusl menorals.

35.15.  Rock, hard: covars any rck, excavation of which involues Intensive driRling and blagting. This
can sland varlical or even ovor hanging ¢t depending on the type/imass and dip of b rock,

3.5.16. Solt reck: This compricas of sqlt vareties of rock such ag ims slona, send stone, lateria,
conglomarata or cther disintegraled rocks which can ba axcavated by crow bars andior plck axas o
mechanlcal areavalony narmaly withoul use of Blagting.

3E1T. Rock, dip ol: i the angh with which Iha rock is dipping apainst honzonla! plane.

3.5.18.  Rock, faullin: are rock fraciuros along which the cppossg blocks of reck have moved or miying.
4514, Saddle is a satidle shaped depression in the ridge of & hiM,

A.5.20. Valley iz an alongated low land bobwasn ranges of mountaing or bulls often heving & rivar o
straam running along tha battom.

A.6. Prolective and Drakage Worke

4.B.1. Angle of repose: iz the maximum angle betwecn e herzsnta! plans and the Slopea &t which
aarth gr other loose material stabillzes wilhout lending to slids.

182 Angies of surcharge: iz tho angle batween honizonlal plane and sloping face o 8 surchargs of
aarth ar pther mattar,

isa. Back filiing: |5 the earh or other material used ba il cavity on eanh retaining stsuras such as
in eulvert irenches and bahind the bridge abutments, retaining walls alx,

364 Bex eulvert: |5 4 monslithiz drainage struclure rectangular in seglion heving clearspan kess Ihan
or equal Lo € m.

3.6.5. Hox drain: iz 3 coverad drain of restangular sacion.

6.6 Cateh pik ic 2 pit excavatad ar a chamber constructed  below W nenmal bad lvel af a dach,

drain, alream of sewer fo trap bed 50 and solid matter.

2687, Catch water draln: is 5 drgin excavated on lhe upper s¥gpe of & hill rgad area 1o ilercepd and
collact water flowing lowards the road, and to lead il o a poird where na damage will result 10 the road or in
ganeral it it a drain 1o catch water llowing to & certan area and drain i off ta ancther Area.

E6.8, Causewsy: is a pavied dip in 2 read BCross A shallow drainzge course, al 1he bed aval.

366, Caustway, verted: is a paved dip appraciably above the bad level ¢f 8 sream. Lsually pravidad
wilh venls to pass low wates Mow o1 {3 & causeway with venis balow road laval 1o drain off kw watar kw.

#6810, CoeMicient of roughness or rugeoalty: Is a reduction facter which has to ba applhed in
farmulas, such as Kutter, Manning and Barfen when cekeulating fhe discharge of & stream, to allow lor the
frictional and olber iossas engendaned by the characienslics of the wattad padmanar.
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2.6.11.  Culvert |s g elructurg used for pumpose simllartaihal ol & anor bridge haying lotal ieaer Spaning
of & m o laex measured al righl engles 1o leces ¢ abuimants.
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36892, Curleln wall: Is & wall ugad an a shlsbd of protection agalnst ecouning aclion.

3615 Cul-odf wrall: is a waall, codar, or other glruclurg indendad e gl off or reducs parcolallon of vater
in amgcHh sufaca or thron pofous £1rala,

a.6.14. Drak: 15 & condull or chanmel, &ithar aificagl or matwral, for canmang off eurpus ground watar or
surlecs wabar,

3£15  Ercshon |5 Ihe process of removal ¢ matter Irom the banks of & straam or other sufaces by the
actian of natural forces like llowing water, wind ete.

26.16.  Retaning wall: is g wall conatructed ta malmiain In pesitioe matanal capaple of exating kteral
pres&ure, gonorally a mazs ol earth,

A617.  Aelwn wallfyring wall: is a retaining wall buid Faralled or at an angle 1o e centreling ol 8 mad
ard in canbinuaton of an abumment 1o retain tha ambahknan.

32618, Reveiment: is a facing of slana or othar material 1aid on a slopng face o eadh 1o manitaio 1he
slopes in poeition.

34618, Runeofl: is the tola) quanity of precipitated water fram a calchmeank aree, raaching a glven ponk
wlthin g given tima.

365220 Bala baaring capaclty; is the pressure which may b applied cver ite soll wihowt causing i w
cette to an exlanl datarimental to he einucture built cwer It

3621, Sidedraln: IS a drain atoag the side of 8 road.

A.5.22, Storm watar i Ihat ponlon of the precipitation which rune off the surface al 1he greund guring
a raln stosm and for a shart paded folowing it when the flow axceads e normal ar srdinasy rate of ruo-ok.

36203,  Sub-surface is the undiziurbued strala Wing belpw the naturl top sail.
2624, Sub-surface drain: is a drain alow the ground sudace Lo dran dway SUb-s0il waler.

3,525  Surcharge: is the oad superimpasad aboyve e sevel ol the top af 1ha retaining wall en e galh
resting againsl il.

3626, Toawalk s small retaining wall strucluce at tha foo! of Bn eanh siape.

46,27, Vieduct: i a struclura wheeh carmes a road of Acr0ss & wikle and deap ¢alley or ground lizwing
qeneralty no fow of waler.

3.6.28,  Walar cushion: & a pool of water maintained lo absorb the impact of water flowing cver a darm,
chute, drop or ather spilkvay struciurs,

36,20,  Weap hule: 5 A small opening |ef through seil ralalning strciure to drain awey parcol ated wanar,
AT, Pavamarl Works

3.7.1, Biuminous concrels [asphaltic concrale): is & medyre of bitwman, coRrkes eggragales, Iog
nggregales and Mlar materal and used ag 8 wearng £ourss withoul eny seal coat, kt is alao larmad 8z
Asphaltic Concrate.
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4z Bose coursa: is Ihat parl of 1ha conslruction reating upon the sub-basa or n Wy abaence Ihe
subgrada, ihraugh which ihe ked s ranamiited 4 1he subprada or the supporing soll.

a5 Bitwen amulsion: i 4 llquid producd [n which substaniial amount of BRersA is suspended
linmehy dll.'lda-d_nn-n:lﬁ:lan in Bn aquacua media and stabdlized by eaans of One or morg suilahie reagenis.

274, EHumean/Tar macadam: iz 8 Iypo of constrction in which 1ha Irsgmants of coarsa agivegatas

are bound egether aither by bltumsarn or lar applled sither by premix or grouting mealhod, Blluman macedam
rrexy be aaml-ganss or dense,

375 Blluminaus Penstration macadam. is a macadem crust inwhich the slone aggrepats is aund
tergenher by a binder apiplled 1o panedrate o the designed depth.

376 Black 1op surface: is a ganaral temm apphiad 1 weaiing coats o surlaca of road in which tar of
biturran is wsed as binder.

vy Califemia Baaring Ralio (CBR): s a measure of the shaarng resislance of a soll (o penatration
unigr carefully controlfed dansity and molstura cenditions. Tha rate Iz expresesd &2 4 porcontage of the
unlt load reqquired 19 forca a standard piston mnta the sqit at a cale of 1.25 mm per mimgde divided by The it

koad requirad to force Ihg same pistan the same depth al the sams rate into 8 stendand samle crushed
stona.

378 Built-up speay grout: is 3 two lyer composite granulyr esnstmction with Bpohcation of
pituminoLes birker after each lzyar.

379 Carpet: is 8 linishod tep sudace abained by the applicetien of premixed agy ragaie or iumendar
concrela and és callad premix carpal and may consist of mit seal, open graded, sansi-dansa or dense.

3710, Cardagewey: ig thal porion ol Ihe raadwey deshared ahd constructed for use of vebicular traflic.
37t Cemant concrels surlace: b 2 surace obtained by placing and compadting cernent cansrada.

372 Coarge nggregale: is a refative laum 1o denate the larger mingeal Irgments usually limited 10 a
sl2a greater than 4,25 mm,

3713 Culback hibumen: is 2 bituman whoso viscesity has been ingreased by & volatile dilutant.
3714, Earth road: iz & road with the Gaimiageway campesed o naturel sail,

3715 Edging; ks 1ha black of concrele, brick, stona or thelike embedied along the adges of 8 pavemeni
to praresd them from damane eauted by trallic. .

4718,  Expansion|oint: [t thaseli-adjusting contaction formed hetween two parts of 1he same siruciure,
ard 5o dasigned ag o patril small relative movements undar tharmal changes wiihout destroving continuimy
of sthactumal properies.

I T Fine aggregate: is a relative term to dancte Ihe smaller mingral Iragmenls and paricles passing
hreugh 4.75 mm SQuUane mesh.

378 Gravel read: is a soad wilh the carrlanowsay composad of a compactad layer o layes of gravel,

AT 8. Grouting: 15 lha action n which & fluid eemanitious binder ks made 1o panatmbe inta joints,
lizsures, ar cracks behwesn sionas or blocks, or yold spacas i mineral Rgregeles miner under tha acton
of grawity ar by gctemally applled preasurg,



225

3T A Molyture contenit: ks the loas of walghl axpressed ae perceniage o the dry material, whan g soM
samgia |a drled to conatant weight al 105°C,
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ATAL Pavenint i the atracture congletng of supedmpased lMyss ol saleced and procepsad
malerials placed an a eubgrade ta suppor the applied tralfic kads and distribule lhem e tha scil andedion.

3.7.22, Parcalathon; is the slow passaga ot watar inrough soil ar 8 porgus salid urker tha action ol graviby.

3r.en Prenlzing: is the process ol mixng of coarse ar ling aggregats with & bindat prier 10 layng al
slte.

aT.24 Prime coat: i the single coal application of a binder of low viscesiy (o an absorbent granular
surlace preparatony 1o ary super-imgesad Bliminoys aatmaent or canstruclion.

3,720 Rapid curing cut-back Bilumen: ia cut-back bitumen which sets or slabilises rapidly
3726, Aesurfacltvyg; is the eomplcle renaveal of an old weanng surdace by new layer of surlacing,
37 ET. Slow curing cul-back bilumen: i a cul back bilumen which sals or stahibses glowly.

a.7.28. Soll stakilisation: |5 the procass of Weating a soil in such a manrer as ko imaréya or aller ite
phwsloal properdles 53 84 16 serva 3, epecifie purpose.

a7.2%  Btone sat paving: is 8 paving of rectangular blocks of stane seds laid in regular courses.

3740 Subgrade: Tha lop 50 em of e embankmant over tha enliee Eermaton width, dieectly supporing
the pavermsnl. -

791, Sub-basa s alayer of material flacad belween the base course and The subgrada.

a3.7.02, Surfackng: is a waaring cor! kaid upon 3 prepanad loundaton Inthe form of 3 contiouous surtace
layar,

AT7T.33 Tack coat: is Ma inilial 2pplication ot bindac to an existing surface given 19 ensure thercugh bond
between he new construcllon and Iba axisting surlacs.

b fr g - Traffic lang: is & lengiluoinal trp of the carbageway of a wad, regandad 85 an unt width o
accommadale salaly the wraffic going n aneg dinselion.

37.35. Water bound mazadam: is Iha layer consigiing of claan, crushed aggregates, mecnanicaly
mterlosked by ralling &nd bonded logeihar with the sersaning. hinding material and waler.

3.7.36 Wel mix macadam: is 8 \ypD of zudaging in which graded aggregale and granular matenal,
premixaed wiih weter is laid unifoomly on & prepased subgradafsub-batebaze or eusting pavemnesnt and
comgactad 1o & genss rmass.

38 Bridga*

38.1. Abutment it an gnd support of the supersinecture of 3 boidge or similar siruciurs generdily
. slstaining the pressure of the abutting eanh or back il

182 Adflux: is the qiss W level o watar above The niermal lBval ol water doe t0 olsuction causad 10
rearrrd llony of wisbey,

11
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383, Aqueduct: he an aridal channel through which walee, lowing wiiha free surface, s taken across
& valley, dradn, canal, rlvar, road or ralwey,

384 Hackwaler: (& Iha water [ g siream rizing above its narmal level due 1o some sbetmsetion i llow
oW BireceT,

ans, Bridga; ks a dralnaga elruciure, wilh & tlal Unear opandng i more than 8 m eracted for Camning
trafiic asross A nalural or adllclal wadsr course, a raliway tradk, ancihar madway o any oihar chstroction.

386, Catchmant erea; is the araa Iromowhich tha ralrfall flows wte a drtinage channel at any spaciied
sacilan,

3.8.7. Cofler dam: @5 a lemporary box like struciure o encloswe fonned ta isolale the area which |
englpges for exciuding water lherelrom,

ARE. Peck lewel: iz the kaval of the crown of the carriageway over Ihe deck,

J89. Divaralon; i3 an 2. ration inihe course of tha road, Hiver or astream, as a lempaora ry expo0sency,
durieg constraction, impeovamant or repais,

WET0.  Frae board; is Ihe vetical distance between the designed maximum lood fevel, allowing for
afflux, il any, and Ihe mad sudace level ai its lowest goinl whether on the bridge sinucture ot its approacheas.

3811, Ledge: is a shelf ke leval projaction on rock of mountain,
3812 HMar: I an intermedigle supporl batwean the and suppont of 2 brdge ar culverl

36813 Ple is a colomn diven or screwed [nta or formed in the ground in order 1o consolidate the soil
or to fransmit e weighl or the thmist of & strusturs ks liom zonee o the sebsail,

3814,  Rocker bsaring: is & bearing or 2 supporl which permits slighd angular movement at the
syppaored s of a bridge supenstnctune,

A8.15.  Raller bearing: is a baaring azeembly, consisiing mainky of ralkass with suitebly designed fop and
twefieam plates which permil slight langitudinal mevemenia al the suppotad ands of a bridge superstructure.

3816, Soouristhe process of @nslon ard rarmoval of matier by 1he action ¢ rnning watar on thes bed
sirgarm.

2817 Shutterlng: |s lemporany imber or motal forms of olhar maans used 1g moukd 1he struciurc 1o
oheps,

248148 St is the fine greined soil (particles sizga irom 75 micron 1o & micrn} will e or no pleslicity
or e steangth whan air died,

A8.1%,  Skew bridge or culvert: [¢ 3 bitdgs of culvart the ceniraling gl which is nat at right angle o the
axis of the crassang. .

38.20. Submerclble bridge: |5 & bridge designed o Bllow noomal flaads 1o pass ihrough iz venta byl
allowed to be crartopped durkng high ligdds.

12
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3.8.21,  Subsiruotuve: la that part o the bridge or culven which les above 1he foundation lewsd and below
{he suparstructieg gaala, o balow the gprnging line ol Ihe arches,
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3.8.22 Suparatrocturs: le that par of tha striolure whish ilgs above the bridge seats or abova the
gpringing Nne of arches,

2.8.23, Through bridge: ks a bridge Inwhich 1he roadway 12 al or near tha batiem chord leval of the main
sUppOrting membars.

248.24, Waler shed: ig the line of separation hetwoan adjacent catehment araas.

19 Miscellansous

91 Avalanches: ¥ 8 hurllng of 8 mass of snowlce maving down Iram a8 haight and galhaning
maenanturn in the descent which may camy rock iragments o earth from bill skape durng mevement,

192 fmpravement; is raconsbiuclizn in wihok o inpart 1o a higher slandacd of strangth, efficiency o
gualizy,

334 Landglide: is sarth slips on a large ecale

3404 Maintenanes: is the upksepirg of a canstniciion (& a definie standard of eMiciancy and quality.

385 Fathale: is a marked local depression in a surface fayer, roughly civeular inplar, arsing fron the
displacemeni tr wearing anay of materdal by traflie or ather causes.

3,9.5. Sattloment: |2 Ihe downward moyement (depression) af the sqil or struchure, which il suppots
dug to shrinkage by consolldation or subsidersce causad by the mavermant of subsoil.

2487, SHp: |3 tha local sail movemant produced by a mass o sl sliding over a shape.

3.5.4. Spur: Tha ward iz normally wsed In kil roads to indicate the eonvex partion &f the hill lcalure on

the road alignment skoging in gna direction only. Thase arg also siruclures made I traln the flpw ard sedoce
the weloclty of waler In channel,

3949 Subsidence: |s tha downward mavamant of the sonl preduced by removal gr disptacement ol 1he
underlying strata.

39,10, Tunnel: iz 2 passage lhrough & hill to be used as a read, ral imck o water channgel,

13
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6. GEOMETRIC DESIGN

5.1, Ganeral

B1.1. Hill roads Bawa mosty to negotiate hrough dililcull apography, Inhospletde wmednand exemes
ol chrmatit tondilions. As such, design of hlll roads 1o pradalarmited Slandands, congrdedng mponance o
safaty and Irae low of lrailic, is necessarny so that ravel is safs and comdomabls.

B.1.2 Geomalre dasign standards have been laid dovon kaaping abova in view.
8.2, Basic Princlplas ol Gaemstric Deslgn

821, Designoritera ol hlly tartain should ba applised lor {hpse roeds peated mosty inhilly ieralnwhers
siretches of plain'rolling herrain ara sho and isolated. Similady where hilly 12main intervenes only far short
andion isptaled stretches in plalrodling terain, criteria for such stretehes shoold be B3 per stardards lor
plain/ralling terrain,

6.2.2. A uniform AppLcation of desgn slandands & dagirable far salety and fow o Iraffic. The uze o
apdimnum design standards will reduce the possibility & early obsolascance of the facilties likety ta be brpught
abaul by inadequecy of Ihe original standards,

6.2.3. Az a genaral nle, geometric features o a highway axcapt crass sactional alamenls da ot kared
1o slage construction, pediculady in fhe case of il reads. Improvemenl of faatures lika grada Ao curvalurs
ar a laler date can be very expensive and somatimes ba enpassitda. [ is, tharalong, netessary Thal ullimale
geomelnc requirements gl Rill roads are ke I view rght in the bagnning.

6.2.4. Devaloprment of cross-section In stagas is techrdcally faazibla, Bul thls should be decided onty
alier waty carsiul cansideration, since hill /oads need & kot of protective and dvainags works ke ratairdng
wallz, breasi wang, deams of various types emg calegories ete, consistent with safely and sometimes the roadg
may hava to be altogether retwlll when same s upgradad , K glage constricton is unavoidable, bedersiralegy
will b to use dry masanry andtar cratad maeonny For draing, breast walls, pitching g, kocate the intercepter
draun wall back at the wary start and pravide gubserta o fdl wadih fomationdroecway to aveid the need for
thair wrdeting subsatuantly. However, read being an impentent part or mier loreranner of all development

adclndilies, stade dewvaloprmant will becpme inevilgbte geer g perod o ttme end as sach 8 degisicn on this
I55ue should be based on needs tor a padad aof 15-20 YLArs or 5o

£.2.5, The gesygn standards ndkcaled are absaluba minirum. Howayer, the minimum values shoukd be
applied only wherg zenqus restriclions ane paced by achnlcal or ecoramic conswJderations, Genaral efon
should be 1o excead the minimum valvas on safer side W e extent pozsible, Whera e minimum design
slandards cannot be adoped for inescapabla roasons, proper slgns showtd e put sufficigntly Inadvanca to
infprmidhe roed ueers. Tha intenticn should beto providae & road Lo e usar with such gaomeincs which gives
sale and reasanably comfortabe travel,

625 Tre slariamds have tasn classilied saparalaty Ior mouniainaus and stesp tarmain. Genamlly, 1ha
starwlards for stoep tarraln lake lowar values of design speed, mdil of curve ale. It 1e likaly that in mary
seciors, tha laraky chamngs o mountaintus 10 slesp or vice voarss mey be wittin short disiancas. 1 s,
towayor, not tha nleniian 1o change standards iraquantly. [0 practica, siralchas should ba clacsilieg &s
maunlEinous or sleap depanding on pra-gorminant tarrain b ks sirakeh and accordingly slandards adoptad
bof that stretch. The same standards shoald, ganaralty, sontws far fsdmum disIEnce poss bisfraalicate,

26
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827
dapsctad in Figa. 8.9, 8.2 & 8.3 respeclively,
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£.3. Daslgn Sperad
631 The deslpn speads for varwua categorles of hill roads are givan in Table 6.1
Takle 5.1 Dasign Speed (km A}
hboumalrses Steep
S, Fpad Classilication Tercatn Terrain
M,
Fuling hin Ruling Min
i tational and Stata o0 40 40 an
Highwayg
2 Major Dlstnict Reads 40 30 a0 20
a Other Disirict Roads 30 23 25 20
4 Villege FMoads 25 ED 25 20
8.3.2. Mommally, ruling design speed should be tha guiding critetia lor samglaring the VaroUs getrmeinG

slandards. Minimm design speed may, howevar, be adopled In sectibns where sile condiions. incleding

oasts do net parmd @daption ¢f rdling deslgn speed.

6.4,
64,1

accigant,

Sight Distance

28

CEOMTROL LINE

VIsibitity is an wmporlant reqguirernent for sataty onnbads, Forihds, k1s nacassary {hal sight disliance
al suiticient kregih iz availabia to parmil divers ancugh e and distance 10 oortrol thalr vahizdas o avold
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B.4.2. Two lypas of slghl distancen are conaldaded indesign of hil roads, Theea are :
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& Ftoppeng sighl divance wkach is (s clonr distewce nhead segded by o dvei 10 biing hie velsicds to n siop bafore
mooling & stalianary shlect b Mid paih. 11 ie dhe o &f beakpsg $inusass i P Mo B ipeed pluk the dimace
drmvalicd by the vebuth deting procaption and byake renctbon lmes.

k) Faiermmsdime sighl dimiance b defnsd a1 1wlca B iopplop epd disunce.

6 4.3, Deslgn valugz of both slght dislandes and eritara for measwemant of £ghl dislance arg given In
Tablas 6.2 ard 5.9 below -

Table 6.2. Design values of stopping and Intermediate sight dlstance for verlous speeds
Da5ign valLes - meiras

Speed furih} Stopping sight Intarmediaie lght
distancs detanca
20 0 - 40
25 55 54
30 30 B4
a5 40 £
40 45 )
- &0 £0 120

Table 6.5 Crilera 1or maasuring aiﬁm Histance

3l Sigh! Distence Driver's Hedght oof

Mo, aye haight ohject

1 Sale stopping dislance 1.2m D15 m

2 Inlermadiate ikl dehnce 1.2m 12m
Gid.d O hill roads stopping slght distance is absule minimom from sefety angla and musl be #nsuned

regardiess o any other congideratons. [Lwauld be a good prectice i 1his velue can ba exceaded and vislbiltoy
correspondmg 1o inlermediate ssght dislance provided inoas much lenglh of read as posatle. Advantage of

infarmadiate eighl distance is Ihal th driver is able to gal reaspnetble opperunilies to overlake wilh caution
ars} driving 1ask becpmes myuch easicr,

€.4.5 Thaugh & third category o sight diztanca |e, Overtaking Sight distance ia considered for roads
In plalng, W is nat romally feagibledpracticable on bl roads and hence mol deaalt with

Q.5 Widh of Asad Land, Roadwny, Carrdagaway ond Shoulders

651, Decirable wigthg of road land (right of way) Ipr varous calagones of roads are given in Table 6.4

Table 6.4. Desirable Foad Land widths (Metras)

&SI, Road Opén Breas Buil up argz
. Mo.  Classificaton Moonal  Excepliornal Mammel  Excepbonal
1 tational and Siale Hipheays 24 15 20 18
Meyor Dhstrkcl Roads 1B 15 15 i2
3 Cainer Dstricl Roads 15 12 12 L}

29
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In tridar b ansure groper gight diglands, | may be pogedsany 16 agguing additkenal right of way owver that
Irealad b Uhe Tetda.

il l. Raghe of wayy sheould e ¢ AU (o2 s o e mism 2o beck of 3 m for building L fromn edypk o esd [3hd ToUARMY .
3 Addulannal lond is requered sl lecaions invod vaop deap s, high MlE knd snostkelandalds s
k| it 1he romd s plonned vo be wpgraeded in the future, land width shoald crmteipond o highér <l af read
8.5.2. wWidlh of camiagoway, shouldars and roadway for varous caleganas of rxds ara given In
Tahla E.5.

Table £5. Widtha ol Carisgaway, Shoulder and Roadwey

Highway Classification Carmapeway Shoukdar Roadway
width {m) width {rm) width {m)
a Malional Fyghways and
State Highways
i. Sinola ke 375 24125 G5
iil. Deubtils lana 7.0 2x049 BE
b Major Disirict Roads and a.75 2x0.5 475
triher Dizinel Aaads
= Yilage Aoads 3. 8x05 4,00
Mokas 1. The roadwsy widihy ace caslusive uf parmpets (eaual widch 0.6 o) and side draios (aeus] w§dih 1.6 m )
) I hiard #ock streiches e unceahle locatinos where epcessive culliog ey Keud 10 Flmpe nilure, width may bemdwco]d

by 0.4 mowndwe loe kod 06 o0 ocier mads. Where Euch strctcher are 1o b peovided cominuausly for lang
distatrres, pasiing places showld be poovsded,

Oim b cuntad Guivey, pidwegy withh ghoultd be iocreosed 1o proside fie exis seileoing 4o cucye.

4. €30 rnods subject 1w heavy snow Jall, mbere seuw cloumso? 16 done over lang ﬂﬂ'ﬂ'ﬁ._ﬂlﬂd"“]‘ widih mey be
jrueganed hy L% m. Howsver, che cequiremend of such widssang may be exmmioed with referteos o greond
2ondeeons |a exch gpee coasidanng eemain, badiic aed other Ieflusneing condnlanuEsonrer.

£.5.3. The clear Toadway width on culvens and causewsys (measured from Inslde 1 inskde of parapat
walls or kerbs) shouid be the sams as given in Table 6.5 but far villege roads the deslrable |5 4.25 m
6.5.4. For bridges, fhe clear width bavwesn karbs should be 4.25 m for single lane Gridgas and 7.5 m
far double lana bridgee.

E5. CambsrfGross Fall

661, enerally, tha pavernent in stcaight reaches should be pravided wilh & crewn in the middla ET

surace on cithor side sloping towards the edga. In case of winding aligruments where streighl sections afe
fowr and far bohween, 3 uni-directional cross &l towards 1he kil gide may ba given having regand 10 130tors
such as the direction of superelevation el tha llanking horzonial gurve, sasy drainags and problem of eroson
od downhlll tace a1c, Typical section of raad with cambor and croaa-fall is given in Fig, 6.4.

662, Camberorasstall an stralgh seclion should ba as IRows -
a. Earth mad «  Stodparcent (1in3Awm1In25)
b. Gravet or WBM suface . 2510 3 par cant (1 m 40 (a1 m 33)
. Thin bitumirgus gurazing - 20t 2.5 par cant {1 In 50t 1 In4d)
o, High lype hituminous. suacing - 1,710 2.0 par cant {1 0 B2 e 1 In 50)

30
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.. T
CRUGS FaLL }
HILL — N, 'F
~J . .
WALLIEY
ORAlN
FIG. 6.4, CAMBER/CROSS FALL W ou ROAD WOTH
h = CROSS FALL
f6.6.5. For a gven fype ol sudace steeper values shoukd be adoped for high intenady rainfall aréa and
kower valuae for Iowr intensity ramfall aras.
6.6.4. Cross fall tar earn shouldars should be sllsast 0.5 per cenl more than the pavemanl cambar

subijet 19 & rminicnam of 3 par cent. i the shoulders are paeed, crosslal appropnzta 1o the bpe of pavad
eurface as givan it para €62 should be provided. On suparalavatad eections, the shoudars shoukd noemally
hawe Iha sama crosslall as the pavsmean.

BEE. As e provlsion of Srossdall and superalavatien land 1o appasa aach othar In re-entrants and
drainage gets afecled, appropriate fransiin and drainages derangoenenls shoud be made,

g7, Chearance
8.7, Lateral clearange

6.7.1.1.  Dacirably the lull roadway width a1 lhe approachas should ba camiad through the undarpass. This
implias thal the minirum lateral dearance (.6. 1he diztance batwaan Iha sxtrams edge of the camiageway
and thetacs of Lhe noarsst strucluredobsinuction) shguk] e egqual bo naomal shoulder widih, Onlowercategory

reads in bl areas, having corrgraralivaly narrew shouldears, L wil be desirabla to Increass the readway width
al UNoerpasses 1o a cerfaln axent.

8.7FE Vertical clearance

672.1. Minirnum wvertical clearance ol § megires should be given ovar Iha sollee roadway &1 &l
HIdErpassas and similany at overhanging clilte and sami-tunnal sections. The verical ckhamance should bg
mwasurad Irom e highest pobnt of carmagaway 1.8, crown or suparalevaled edge o the kwasl paint of
cwgrhead sturclurasTock oul crop. Doa allowance dor futung raksing'strengthenmng of pavaament shald 8150
e made.

€73  Fig 6.5 gives typical dalailz of lateral end verlsal claarance gn e hid road,
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0) VERTHOAL CUEARWMCE

w '/’,‘—EHI.‘.'LILDEF!—\\

l AR RS wiay 1

e R AL AT

T R |
B} HORIZONTAL CLEARAMCE

FiG. 648 TrRoaL DETARS OF vVERTEAL/HORIZUNTAL CLEARANCE
6.8 Horizondal Alkgrninsend
661, Genaral -

8814, The hedzonfal akgnmenl should be luent and band wall wilty Iha suereunding topogragy. A
llowing line which conforms to netu@l contours |5 aestheticaly prelarzlla 1o one with long 1anganis slashing
threugh the terrain. The harizcontal ligrment shauld ba so-cedinzlad caratully with ihe longiudinal prolie.

6.6.1.2.  Hreaks In hoHZonal alignment at cross-dranage swuciures Bnd shermp gunves at the end al kg
tangenisshakitt sections snoukd be avolded, Fig, B6.

8813 Shor cunvas Jive appaarance ol kinks, perticulady lor small delb=ction angkes, and shoukd be
avaldad . Tha curves should be sulficlantly Iong and hava guitable transitions ta provida LIGASE ARMEarance.
Curve langth should be atleast 150 matras for g dellection angle of & dagreas and Ihis should be incransed
Ery A0 mwalres for eech degres dacresas in the dettaclion angle. For deflacilon angles EHSS than one degres,
N curve i3 reguired to be designed.

64814, Reversa Curvas may be nesadad in dilcull lerraln by vary sparngly wsed. 1 ahauld Be anzuned
the! thera |5 suilichant knglh betweasn e tad curms o Intreducton of requiste tranalen curves, Flg. 6.7,
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{a} BACAK 1N HORIZOMTAL ALKCMMENT AT CHOSS DRAINGGE STRUCTLRE

SHARF CLRVE

(] SHAAT CURVE A THE EMD OF LONG TAWGENT

FKG. B, D47 ALIGHMERT

-— FOIMT F TARGENRCT
TRAHSI TN CLIRYE

FHMT OF TANGERCY

CIRCIFAR CUTVE EIRCULAR CURNVE

1RAMSITION CLEvE:

TRANSITION CLRVE
= PAINT OF TAMGEHEY

Fi5. B.}. REWERSC CURVE

A8.1.5  Gurvas in the same directon separated by short tangenls, known as brokan-back curves, should
be avosdod ag 1or a8 possible i the interest of aasihetics and sataty and replaced by a singles curee, i thiz

it ned Jeasible, a tangent lengih comesponding 1o 10 seoands traval Ime rmus) efleast be ensurad batwaen
the ko curves, Fig, 5.8,

£.B.1.6  Compound curves may be used in dilicult topography bul only when il s Impossible ta Kt in a
zlngte cirguler curve. To ensurd sale ard Smasth transilion from one curye 16 Ihe other, the adius of the
flatiar curve should nel ba disproportional ta the radius of the sharper curve. A ralio of 1.5 -1 shoud be
conswared the limiting valug, Fig. 6.5

&8.1.7.  In genaral, honzoniel curves sheuld consis! ol circular porkon of the cure (llwed by spial
Iransitions on both sides, Dasign spaad, suparelevation and coalficlent of frictkon atlast the desgn of gurves.

33



IRC:SP:48-1998 236

Langih of Iransktlen curve i datermined an the besis of rata ol change A centelifugal secataration or tha mte
al changa of suparelavallon.

TRANSITON CURVE

[

EHORT TANGEWT

TRANSITRIN CURY TRAMSITION CURVE
STRan £ CIRCULAR CURYE

CURVES [N THE SaMdE DIRECTION
WITH & SHORT TAMGEHT

5. 6.0, BREEH-BACK CRIRVE

Ay & Ro— Dilferend Fadii
FIG. 6.9 OOMPIUND CURVE
E.B.2. Suparakyvabon

8821, Superalavation |3 requivad ta ba previdad at harizontal curves le gounter the effects o centrifugat
Iavea and is caloulatad fram tha lanmula -

&
a = —
225H
-where
= = spparelevation in metreé per matre width ol roachway
W = speed of vahids in KMPH and
R = radius of cune in maetres

The above lommula assumes that the cenlifugal foree coffespanding 16 Lhrae-lounl of dasgn speed s
talanced by superelavation and one-Jourth counteracied by the slide laction betwean ihe Iyres o vahelas
andgd (e rpad surface.

f.8.2.2. Eupemlavatinn abtalrgd froen tha atstes iamoula shauld, howawar, be hﬂp‘[lll‘l‘l“ﬂﬂ | [0} mamllnwing
wahlas -

a. n smow bound Breas . 8%
B In hllry areas not bound by Snow . 10%
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§8.2.3. Thechanpe gwer frpmngmnal geciion 1o suparelevalad saciien shauld ba achewad owar full [sngib
o Iranglliop cune. In case Iransion curve 9 nal Thare or edaquals length can il e provickad o K ame
reason, wo-third superalevallen shawld b allainad on the stralght rgach and balancs on circular cuna,

IRC:SP:48-1998

BA.2 4  From thedralnage palrl ol vayr, ihe soparskavatan shoukd nol be leas Ihan 1ha cambencrossiall
approprlale 1o tha lype of waarmg surace, Accordingly, whan 1ha value ol supsmiavation oblzined from
Iarrnula W1 para €.8.2.1 above [ lass than road camban’cross-Tal, the Rler may be contnped on 1he cunned
portian wiihout provideng any superalavation.

68.25  Superdlevallon al culvertsin curves : The top surface of 1ha waanng course of cularts shedild
have the samc cross peodlie as Ihe approaches, Tho superslevatgn may ba given onthe abwtiamns keaping
e deck slab thickness uniform as por design. The level of the Top of Ihe slak of ihe cutverts should be tha
garne a5 the o kevel of the approaches so that any undue gerk while driving antha finished rodd is avolded,

6826  Radwbeyond which no superetovation & required; Table 6.6 shaws the radii ol horzoatal curves
tor ditfarant camber rates bayond whick suparalevation witll ngl be required.

Tahle 5.6- Radil peyond which superalavetion ia hel ragulred

Dresign speed Radii (hlatreg) for camber o

{kmih) T 3% 3 5 % 1.7%
a0 =i B0 ol an 100
25 70 an 110 140 150
N 100 130 180 200 240
a5 140 180 220 270 320
4 180 240 280 350 470
50 280 a7 450 S50 650

6527  Methads of attaining superalevalion -The nomel cembered section of tha med is changed
InNlo soparelavatad saction in (wo stages, First stage 15 the removal of adverse cambar in outet half of the
pavemenL irtha secand staga, superaleyaton 18 gradually built up pwver the ull width ol the carriageway 5o
that requirad suparalevation |3 avallate at Ine Boginning of the circules curve. Thare 2re thrge ditferent
methads far attaniziy the suparalevatan: (). fovelving pavement sbout the eonlre ng; (i) revolving
pavarnard abow e mnae adga; ard (i), revalvwng pavement about the ouler edga. Plala 2 iusirates thece
mathads diagmrmatically. The small cross sections at the betlom ol each diagram indicata the pavement
crass shopa condition al diflerent polnds,

Ga78  Eachdol the gbove meithads is applicable undar ditarert conditions, Method {i). which invehres
[&asi distortson o the pavement will be lound syitable in maosl al ba siluallons where there are ne physical
centrals, and may be adopted inihe normal course. Metbad (il). i preferable where the lower adge proliss
|3 a majar conlrol. e.g. an accounl of drainage. Whers cvarall appearance 15 the critenion, meathod (Il s
praferable singe 1he culer edge prafils, which is mosl naticeabba 1o drvers, 9 nol disianad.

820  The supsrelovation should ba attaned gradually cver the fulk lenglh ol Iha Wansitlon curve, so
that the dasign supatdawation < Rvailabla a1 1be Starking point of he circular portion. Sketchas in Plale 2
heve bean drawn o thes basis, Incases whare IFansitan curva canral. 1or 5ma ressen ba pegvided, bwd-thind
supevalevation ay bo altained on the siepight section befora slan of the clrcular curda and tha balands
ongthind o the curve.
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6.82.10. Indeveloping the redquirad suparslavation, N 2haukd e aneived 1hal Ihe longiudinel slops of {ha
pavement aoge compared 1o the cartredina {.e, tha mis of changa o supareievation) (a not siaapear IBan 1
I 150 for roRds Inpain and rolling lerealn, and 1 b 83 In mouwialnous and staep larmain.

3,83, Minknum curve radf

6.83.1. Ona herzontal curve, Ihe cantrifugal force s baltancad By Iha combined affect of auparalevalion
and 2kl Iition. Basic aqualin o thiz condion of equibbriom is as folawsa:-

VI

aR

=g 4]

w2
ar H . —
127 [a+1}

whera

= vatucle spead in melres per segond

vahicle spead m Kmhr .

atcelsration doe 19 gravity in metes'S

Euparalenvalion in mwlre

Coafficiant al side frigtion between vehide iyre and pavemsnt {teken a3 0.15)
Radius in meatres

L 7 I
Il

Beged on this equalion and makimum permisstle valie of superelevation, radi lor horizontal cunves
corresponding to rulling minlnum and absaluts mnimum degign speeds are givenin Tahle 6.7.

Tabke 5.7. Minimum Radll o Haordzontal Curves for Yarious Classes of Hill Roads

ClaBal ek MUt inCdls barein Steap lamamn
Areag el Srcay B Braas ol Snaivy Beorerrd
e 1nd s Aflectad ArAAs
Gy By - ’ Iy 50
Fdirg Al Fulirg Abzol Ruling Abssl.  Padwyy  Abteds
Min utg Bk uta kan g b g
|y dink etk i [l kT nu I
i} im) fmi] (mi
Manbonnd ik a0 oh Lild] i k| A 33
Hiaggiv By 2
Seabe Mgty
sy Dstrlcd 50 X o e A 14 bl 15
Aeaits
iy CHamicy 20 o0 b | 23 20 14 = 13
Hoaot
WiPse Fosds o 14 = 1% an 14 X 15
Hom: Ruling minimasan amd Absolwie Minimum Badii aee for culling design speed and srinainmne detlgw speed rapoctively

36



239

IRC:SP:48-1998

6.8.4 Transkllon curvos

6.0.4.1.  Transitkon eursas arg necasgary for & vahicle to have arméoth entry rgro a siraighl sectan mo a
circular eurva. The tranafion curses akys improve asgthellc appearance of the ad basldes padimiting
gradual application of 1ha suprarelovallon snd sxia widening of carajoway nasded al the horizonal curves.
Spiral cunes ghoukd ba usad or this pupose.

€8.4.2  Mnirum length ¢l the transiton curve should ba determined Irem the following two
tanskderatians and (he langer af the two values adopted lor dagign.

i. The rat= of chango of centrifygal 4¢celarmion shiuhi wal xause discomion i drivers. Prom ohle fobikdoracion, e
lengih of ransilion conve |4 Elven by:
0.0215 V3
Lyw
oR
wherne
Ls = kennth of iranstion b medras
v = spaed n K
R = radius of sivcular curve In Mwalras
& .
C = {zubjecd to & maximarn of 0.8 and menanom of 0.3)
TE+Y
i, The re of chasgd of swperebavarios {55, 1he booglbadiasd pads deveboped o i pdvcanesd edpe coanpajed as
through grade along the cemire Hit) showld b nwch 93 ol 1o canse diccomwfodt 4p iavell=cs oo Lo ke the prad
app=sd afidaphtly. The foeme]ss For minimuno leag® of bansitios oo tus b ae:
For Plam and Rglling Terran :
27 Ve
lg= — -
H

For Mountalinoys and Staap Terrgin

1.0

R

Le =

BA43  Having ragard 1o the abowe considerations, the minimum iranstion lengins for ditferent spaeds
gnd surve radi are given In Tabie 6.8,

5044  Theelements of 4 combined circular and transition curva ana lusisated In Fig. 6.10_ For deriving
yalues H T individual elarnents ke shift, langant distance, apex distance, stg, and working oul coardinales
to lay Iha turvas in the fletd, f is convenlend 16 Lse curve \Bbles. For itig, referanca may De made Lo
IRC: 38-1988 "Design Tablkes Ior Honrartal Curves Ior Highways®,
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Tabkr 6.9, Minknurn Trangition Langth ftor Differeed Spesds and Curys Aadli

Curva radlue [matra) Dazign epaed k)
g0 40 1] 25 20
15 MA an
20 35 20
23 MA 25 P
34 ] 25 15
&) HA s 20 15
5 40 20 15 15
65 40 .1 15 15
il MNA an 15 15 15
a0 1 bt 15 15 [ [3)
o a3 25 15 15
1k} 43 &0 15 15
125 35 15 15 o 1
130 30 15 15
170 25 15 HE
200 i 15
230 15 MR
4047 15
S0 NA
MNA « Not appllcable
MA «  Translbon not required
TARCENT POINT TP, BT
TERSELCTION
';gﬂﬁmm‘ P HLP,
TOTAL [HWIMTIDE ANGLE &

DOVIATION AND CENTREL
ARGLE OF CIRGLLAR ART .

DEWHATION ANGLE W

THAHSITIH CUHRVE Bx
AADWLIS OF CIRCULAR CURNE  Re
EHIET T
TAMGENT CYSTAHCE T=
AEEH, DHSTANCE >
me.\ﬁ‘ﬂf TRAHSLTION Ls

LEROTH BF CIRCULAR CURME Lo

FIG. B 10. ELEMENTS OF & COMBINED CIRCULAR & TRANSITION CURVE
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6.8.5, Widening at curves

68.51. Al sharp horl2éntal curves, | is necaasary to widan |he carfapawey 1o ladiale sele pagsags of
wehitlas. Tha widening has fwo componants e Mechanical widaning 10 compenesle the exira width
eotupiad by e vehicle due g racking of rearwheats and Feyoholagieal wigknirg 0 penmit sasy crogeing
of vahiclas, slnca vahitles tand 10 wandad mod on curg, Both the aompanants ata K ba 1akan carg of in

didible lane and mechanical componass on Hngla lana roads. Howaver, at tling glnsas doubils-laning rmey
ba considarnsd.

6852  Exltawidth I ba pravided on hodzontal curves |5 gevan in Table B.5,

Teblz49. Widening of Pavernrwl sl Curvas

Uplo 21 lo 41 Ip G110 105 Ie Abgwe
Radiug ol Curve (m} 20 40 GO 1043 0 R0
Extra Width (m)
Twn-Lane 15 15 1.2 0.9 0.8 Hil
Birvgle-larw &9 DE 4e Mil Hil Mil

B4 53 Exfra wrdlh shetuld be: given by ingreaging the widih gf unifgrm rgle glong trangition cunve and ull
wrdlh given along chrealar eurve. Entire widaning shoyld preferably be provided on ngide of the curve. Tha
euttra widaning may ba attained by means of olfsels redial 1o the centre lie, t should be enaurad that tha
pavernnl adpe lines are smeolh and thera is no appanet kink.

6.5 Sat-back distance ot harmromsl curvea

£48.61. Requlsile sight distance should be avalabls (o sight the Intide of hadzondal curves, Lack of
visibilty in the lataral directlon may arze dws bo obstiuchons like walls, ool siopes, wooded areas, highcrops,
atc. Zel-back distance from the cartra e of the cactiageway . withln which offending abstructions should be
claared, 0 ensure the needed vislbilty, can be delermaned as givan in para 6.8.6.2. Howevar, in cergin
£A%ES, Oue fo vanations in algnment, foad crass-5ecton and the type and lecalion of cbstructions, it may
become mecessany 1o resert 1o fisld measurcmants o fx the exacl imlts of choarance.

EREZ. The set-back distance i3 cakculated from ke Fplkovang equation (gee Fig. 6.11 e definiticns):
m=FHR-AM Cos B

E
whers # = - radians;
2 {R-n)
m - the munsmurn Sal-back distancs o sighl obstructlon inmeires (meagured tram Lhe
cantre line o the road);
R = radivs et canire line of tha road 1 matras’
n = digtance beiwoan 1ha sontra ling of e road and e centra lina o the inkwds

N melres; and
] = sighl distanda In metnes

in he above aquallon, slpht distance ks measwrad akong e middle or inner lane. Ongingle-lans mads, Syht
thetancs |5 mopsured along canire [Ins of the read and 'n' [3 1akan &8 zaro,
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CEHTRE LRE OF -
INSADE LAME

242

CENTRE LIME (W
CARRLAGEWAYT

SIGHT qJEtsJRLn:TinH

FIG. 601 wWSlBILITY AT HORIZONTA. CURVES

R - RADIUS OF CURVE

SHGHT [MGTAMCE

— MINBALRL SET—BACK

CESTAMCE

~ [ASTANCE BETWEEM CENTRE

LINE OF CARMAGEWAY
AHD CEMTRE LUINE OF
INSMIE LAME

fHE3.  UWilizng the above equaikn, the dazign yalues 1or sat-back dislance comesponding o sale
stapping distanca 1ar single lane camiageway area ghvanin Table £.10. Thagae design values relala basically
b0 gircular curves Yonger Ihan the design sight distanca, For shorar cuves, the values of set-back dislance
given in Table G.1 0will b somewhet on the highae side, bid These can, hewsavar, be used 85 a gueds, Lataral
ckarancas lor lwo lane carfiageway can ba camguied sty Ingm b above aquetion.

Table 6.10. Recommended set-back Distance {or Eingle-Lane Carrlagwmr

Radius of
Caroular
Cune in
Metres

1
15
20
24

53
1
a0
il4]
140
120
150

f;ef—Elanl-r. Distanca in Melras

S-20m

B=25m S:Sﬂm S=48m  SeHIm
(V-2 (V25 (V-5 (W-40 [V-E0
Km'h] Kmhy  Keh) Kt} Kim'h]
2.4 -
Az -
2.4 a5
21 3.3- .
17 x5 a.F
15 23 3.4 - -
1.0 1.6 .8 54 -
- 1.3 1.4 4.2 -
- 1.0 1.4 3.1 LB
- 0.8 1.1 25 4.5
- a7 3.5 A 3.7
1]} 2.3

0.5

40

1.7
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B8.64.  Lalmral cleamncs I Imermedlate aighl distance can ba computed simdlarly bl the sel-back

raquared is usually lon large 1o Do economically Isaslble in ihe case of RN roads,

G855  Whore Ihara is & ol slope on the Inslda of Iha honzontel curve, the average height of sight line
can b used as an approximation lor declding the swdeart of daarance. Fgr siopping sight disiance, this may
bee taken a5 0.7 m. Gut elopes should be kepl lowar than this heyght at 1he line demargating the sel-back
distance anvalkape, eifher by culling back the slope or banching coitably, Fig. &.12. Such a provision is aso
Qarsarally knawn ag battar benching or vigion barms.

Hr_L sSIDE

WSION BERM

RN " RO ACANAT

SECTION AT ¥ — X

WISKIN RERM —
weLL DT SIDE

X
FALL SIDE

HIAY A

FIG. 12 WISEIN BEPWS

BT Blind Gurves

— wrlLEY SICE

B.8.7.1. Blind curves arg thase on which Sighl distance available is kss (han tha Sale Siopping 5o
distance i.e. absolute minimum Irom satay panl of viaw . YWhile clearance of st clone withan the mininm
sat-back distance iz sxpectad 1o ensure the minmum gight distanca rogqulred as poer slandaods. m hll roads
il may ol alweys be possible to engure this due o berrain coaddons, 10 5uch CRSES Cartin Surves will have
sighl dishares lass tham minimuam as per stendards and hance biind,
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6.8.72  Inablind cirve Ihas i alvays the dangar of & vahicla ned baing abke (o come to & wiop belore
rgaching danged poant or 4 vahdtks coming Irom Iha opposita Sraction which g lkaly (6 caldawhh B, dua to

Ipck of adequate elghl distanca. The remady for thla problam, o anaurs beltar trafile salety, may ba provided
ag ungar.-

a) :ﬂ:.:,hmm"s o visiow bermy (Puin § 6.5 & Tig. .12 rofers) ima moee Libers| sasrer an eeqmired on grousd by
bt :::'Hns b cond Lo - dune widih 18 1he Mreth und pravidimg lant diciders imdha foom of central sieds or medino:
] ftl;ﬁcl-ﬂn vFLradlic 1o one way ac sdemg [a e wreich, 7 oihersaie prasticable.
BE.7.3. It has lo be ensured thal Mind curvas are accepled onby where it is un-avoldable and that alac
rarely inany siretch of road since Welllcabisity and satety of & hil road |s considerathy reduced by bilmd cuves,
G648 Measurament of radiug of an uxlnﬂnu cuiva ot xie.
BEA1.  I'isoflen necessary 1o knew radics o an existing curva ona hill coad Lo pan imnpeovemants ol

&5 1 may not 2lways be possible (o reach the centre of curva, an indireet imethed may have o be adopled.
A simnpde rathod is given below, Fig . 6,13,

C
h/’ |

1]

E

FIZ 611, &T SITE WEASLREWENT OF Ralils OF EXISTING CLRVE

KMeasurg any chord AB and olset DG

Mow A ¢ OB = 0% DE

(122 chordi© = alfsel x (2R - offsel)
= 2R offegst - offess®

ignoring nrlaﬂe; 1/ chard® = I8 alfset

o
Chard®
A=

B of=al b
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5.0, Yenrlcal Alignment
6491, Ganeral

fi%.1.1.  Broken-bachk grade Rnes, L& two verllcal curves in fhe same directon separaled by a shor
fangent, shoukd Ba avoided doa o pody appearance, and pralerably replaced by a glnls cunve.

£21.2. Daocks o smalcross-dralnage structures (i.8. culvans and minor bridgea} shoukd Icfiow the same
profile a5 ihe flanking toad section, with no brask in tha grede lina.

6.8.13.  FAecommanded gradiants for dilferent terrain comililions, except 1 hair-pin bends, ane given in
Tabls .11,

Tabke8.11. Recommended Gredients 1or Dillarent Terrain Condilions

Classficalion of Mourtaknous terrain Slaep lerain upls
Gradien and sleap Lorram more 3000 m height

thar 3000 m above KEL above ML
Ruling Gradient 5% (10 2600 5% (1in 167}
Lirmiting 1 racdien G% (1 in 16.7) T (¥ iy 1458
Excaptisnal FoL 1 in 1423} B% {1 in 12.9)

6.9.14.  Gradwnts upio The ‘ruling gradient” ey be used as a matsr of course in design.

G.8.1.5 The 'limifing gradianls” may ba used where the Ieporaphy of 8 place compats 1his course oF
whara 1he agoption of gentler gradiants would add encrmousky 10 1he gest. [n sweh cases, tha lengih of
continUous grade steepar than the ruling gradent shiuld ba as short &5 possiba.

G216 'Ewceplianal aradwnts’ are meant 10 be adogted only in very diflicult sitgations and for shon
krging ol exceeding 100 m at 3 streteh. Successive Siratches ol exceptional gradients must be soparated
by a minimwm length ¢ 100 m having gentlerflattac gradwant,

£.2.17.  The cumulatlve nsesdfall in elevaticn aver 2 Km ength sball ral exceed 100 an in moantansus
derrain and 120m in steep larrain.

6.0.2. Grade compensalion &t SUMYEE

B9.3.1. Al horizomal curves, tha gradients shaould ba eased by an amound krown 8s 'grade compensation’
which is miended to ofisat fne oxira ractive effor inyolad @ curves. This i3 caleulalad by Yhe following
1ol

30+R

Grade compensalion {parcent =\ ubject to

maximurm ol 7ER whera A is ading of the curve in matres. Since grads compansetion is not netassary lar
gradients llattar than 4 per cent, when applying grade compensation comaction, iw gradents nead et b
aasat bevond 4 percanl.
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a.4.3, Vartic curva

8.9.31.  Varical curver are introdyuced lor amogth ransition et grade changes, Convex verlcal cunas
are known as eurnmit curves and eoncave vartical curves ag valley or sag curves. Both thass should ba
deslgned as sguare perabsias,

EF.32. Tha langih of the verhcal curve is cartrolad by sighl disiance requiramants, but curves with
graatar kngth are asgthetically betier.

£.9.32 Curvas ebould ba provided at all grade change axcesding hiose Indicated n Tatda 6,12, For
sallsiactory appaarance. tha minimum lsngth shawld be 85 ghewn In th Tatds.

Tabia §.12. Minimum Langih of Varlical Curvas

Deshgn Warimurn Grade Changa Minimwm Largth gl
spead fpergent]) nat raguiring wertical curve (m)
(Kmvh) a verlcal eurve

Lpto 35 1.5 15

40 1.2 )

L) 1.0 ag

6.93.4  Whera horzontal and surmmdt vertieal curves ovarlap, the desipn should provide for the requarad

sight distarce bath e tha vertizal direclion aleng the pavamenl snd kn the hanizonlal dirsetan on the wiside
of ha curva.

B.4.4, Summi curvas { Fig. £.74)

STORPIMG SeGHT DISTAMCE

S VERTEKING SIGHT WSTAHCE
| P 15 h HEIGHT OF OBJECT ABOVE PANEMEWT SARFACE §.15m
e H

HEIGHT OF E£YE LEVEL OF DRANER (vER
PAYEMENT SLRFACE 1.2m

DEAATICH ANGLE
ASTECCNG  GRADIEMT
%3 = QESCEMDING GRADRENT

Y
)
ra o
a9
o 4
n N

]

=
]

3
1

et — T W N - — —— N e— —— — —— —

HORIZOHTAL LEMGIH OF
s SUMMIT CLRVE 1

Fia . B.14. SuUMuhT CLURVE

£.84.1.  Thelength af summit curves iz governesd by tha cholee of sight distanse. The length is calculatad
on e basis of the following formutas.
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n.  For saté slopping alght distancs
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Coana {i} Whan the [sngth of 1ha curve sxcaeds e redqulred elght datance, e, L s grealar
ihan 5.

NS

L= —

4.4

M = Deyiatian angle, i.a. the algebrais difarence belwaen the we grades.
L = Langth of parabolic vanizal civve in metiss.
5 = Sight distance In metres.

Cone {ii) ¥han 1ha lenglh of the clrve is less than the required gight distanee, e, L is 1285
Ihan 5.

4.4
L = 28- ——
]

b. Forintetmediate gight distance

Case (i} When We length o the sure exceads the required sight distanda, Le, L iz graatar

than 3.
hg?
L =
9.6
Case (i)  Whenihe length of the cureg 5 less than the reguired sight dislance, i.2. L i less
than 5.
D5
L =25- ——
M

The length ol surmmit curve for varous cases mantiched above can be read rom Plales 4 and

5. I thesa Plales, valug of the crdnaze M Lo the curve Irom the imlersection point of grade lines is glzo

=W

R

B.9.51,

Valley eurves { Fig. £.15

The lengih of vallay curves should ba such 1hat lor rught Waval, tha haad light beam dstance |5

equal 1o tha stopping =ight distance. The length of curva may be calculated &5 wndar:

Casw (i) wWhen the length of the curve excsads the requirgd sight destanea, i.a. L iz greatar
than 5.

150+ 0035 5
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___LLCHGTI DF wmLLCr Euied |

Fiz Bab, WalLLEY CURVE

Case (i}  When ihe Pength of the conve is besa than the raquired sight distanee, ie. L is lass
than 5.

15+028 6

M

In both cases

M = devialion angle, i.e. the algebreic diference between the two grades
L = length al parebgliz vartical cynve in metres
s = stopping sight distapce in metres

6.952. Length of valley curve for varlous grade differences is glven In graphical form in Plale 6.

G140, Design Criterin for Halr-Fin Bends { Fig 5,15

CIRCLILAR

FHi. 5.16. =ass PH BEHD

10,1, Hatr-pin bends, whera unavoidahle, may Be deslged clifr 23 5 cingular cunce with rEnsiticn at
each end, or as a compound circularcurea. The tollowang critela shoulkd te follvwed noomally loe thait deslgn:
a Mindirmum deslgn spasd - 20 km'h

ktiniroum roadway widih at Bpex

i. MNatlenal’Sioig Highways 11,5 m lor doutiba-lans
o0 m Par segle-lana

Il Mejor District Reeds and

Qther Distried Finads . 7.5 m

iil. Village Roads - aEm
(c} RAinimams radis Ier 1S ifnar curs . 140m
() h Il kangib ol ransklon curve - 15.0 M
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[a) Gradmmnt
taxhmum - 1in 443
(2.5 %)
Minlmum - 1 In 200
40,5 %)
)] Euvperaiavation . 1in 10
[10 %)

6.10.2.  Inner and ouler adges of tha raadway should be concantric with raspact ko camme lina of the
pavement. Wheara a nurmbar of hair-pin bands have 1o be inrodusad, a minimem intarvening distancs of 60
mshauld be providad Detwesn the swecessive Liends to enable the driverto negoliale tha slignmant smoothiy.,

6103 wWidardng of halr-pin bends subsequantly is a dMull and costly process, Morecver, gradients
tend ta bacome sharper as generally widanbng can be achisved only by guting the hill side. Thase points
should be kept in viow at the planning slage, especially i 2 sares of heir-pin bends are iowolwed.

504, Al hair-pin bengds, prefacably, ihe full roechway width shoutd be serfaced,

6.11. Payzing Platas [ Fig, 6.17)
[ 20M
IJ
ﬁf’/ﬂ_ " &'——
{ T 3.7
5.75M - | 3.70W| CARIAGEWAY “__mmm" ITH)
| oM —
2hm |
I, T
—_— R
I BN B.35m
L EST B ! J.00M | CaRRIACEWAY e 2iM
{FORMATEON WDTH)
i M ——- —

FIZ. 517 PARSING PLACEY (DR & wR

611.1. Passing places are requlred on single karw bl roads to faslikate craasing o yehickes appeoaching
frgam the tpposite divection and tolow a5ide B disabled vehicle soihatil does not obstriet treffic. They should
be providad at the mie af 2-3 par kilpmeltre.

6.11.2.  Mowrmal size o passing pace is 3.75 v wida, 30 m laog on lnside edge and 20 m larg on The
(artheer sitds, Tha exact kxoalion of passing plages shaukd be judiciously determmined taking into consideratlon
e ervallable extra widih and visitlly,

B.12. Co-ordinalion of Horlzondal snd Yerilcal Aignmants

612.1.  The overall appedrances of & highway can be enhanced considerably by judickaus Sambinatign of
e horizomal gnd vertlcal alignmeants. Plan and prolile of 1he rad should net be desigred indepandanity but
in unison S0 a8 to preduce an appropriate threa emenzional afacd. Proper eo-cfdnation inthis respect wall
pnsure safety, improve uldlty of tha highway and contributa to overall pasihellcs.

6122,  Verizal curvature supanmpgsed upon hodzontel curveturg gives a Maasing sied. As such the
varical and harizanlal curves shoukd colnclde a3 lar as possible and their langth shouwkd be more or lass
aqual, § thizis dlicull for amy reesan, ihe banzontal cunea shaukd be somawhat kanger lhar iha vertical ture.
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6123, Sharphorlzantal curves ahould be avolded al or naar the apex of pronounced saummitaag varical
curvas frorm salety poinl al viaw.

IRC:SP:48-1998

€124, Flate 7 illugratea goma lypical casas of good and bad abgrmeanl co-andination.

AL S Brikdkx Aoad and Eridke Path
As aarmar brought ol inpara 4.4,3, 1he soated villapes hablations can e connacted by Bdla
riags. Bridle paths are alse provided inberder areas (genarally caled birder fracks o wllape Iracks). These

may also be necessary lor gockels of very amall populaton N rémaole areas, Typicel specliicatons of Bridle
road, Bndle path and Operational Tracks {OP \racks) are glven in Table 6,13,

Tabla 8.13. Specificabliony o Bridle Aoad atvd BHdle Path

5l. ltenrs Pridls Rioad Bride Path op
T [Borderillage Track
Track)
1. Road kend width in cpen areas &m a0m 400 m
Z. Formation widih
a. Mama! em 10m 275 m
b. Exceplionat 1.7m 0.4
3, Radius of Curves (Minimum} sm am 12m
4. WWidenlng &t sharp curas 10m 03m 1.5m
Ho 3 W radlus
L Inside slope (crosa falCamber 310 4% 2o 4%
. Minimum redivs al H.P, Bends 30m 1.0 m
7. Gradiarts
a. Far Ghat bracing 12% - Ruding
b. Auling 179 17% 1:15 Max.
C. Linuting . 20% 1:10
d Exceptonal {not more 5% 0% may bo
than 31 M length) upio
1In7
4. Draing BA0 m 0.2 m .50
8. Souppers 1 m span 3 .5 i span
(2 10 Mos 3105 Nos
par Km par kim
Ll Bridges and Culverds
E. Dasglgn [cad A0 kgfegm 404 kgfsqm
b, Glear roadway 20m 1.6m
behvopn kerbs o o
11, Surleca Un-suraced, W slushy stretches slacey

brick paving or 2oma cthar treaimant.
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19. ECOLOGY AND ENVIRONMENT

19.1. Sunnrsd

11,1, Davaloprianl in tarms of sovinanment consaquent to e realleation hal 1ha anviconemeanl wag
tatengrallng and sarth’s resources ware fast depleling treatening man's survival on sarth el bas glvan
rise to gerows unb/arsal thaught on prasanalion of ervirsnment and mainignance of 2 balanced eco-gystem,

1812, "Devalopmant withoul destrucilen™ In pursuance of the natlanal prority 10 oeate a balance
belween ecology and develgpment 12 of utmas) importance. Whila constncting raads jor the developmeant
and prosperity of tha nalikw, it has o be ensored that the ece-syslam |15 rot disturbed and a hamonious,
balance siruck betwaen mad developmant and anyirenment

19.2. Definitione and Introduction

19.2.1. Enwvironman! Includes water, air, land ard all ileme iorming pa of surrundings whereas ecology
15 the relationzhip betwean organizms e, human baings, living ereglurcs, plams, midro-Hganisms, ete, Thus
amdronment will ncluds eeological resgurces alza. Eco-systemn is tha ecolagical cormmunity livieg together
with Az phygical enviranment considered a5 a unit, Disturbance to arny of the compnent factors W1 & unit

ernironmanl ig likely 10 upsal the ecolomical balance and lead 10 dastuction. Hence mainlenancs of
acokipical belance is of primea congam, '

1922, Cedain bnportant aspecls of emdronmanial degradation that can resull in ecological imbalanca
are ghvan balow:-

a) Apything ehar $7lecs quatity of wie chen we broalbe wdvercely sffaro posesl well boing of i Hviog cremmues, 1.
buman, animal gnd plant life.

) azake Lver pamounding =2 sty ae profeclive ks agabnit humlul rays cewcbiog the eamh §0d sy disierbance
3 A5 layer twmpers il Ui Lupporting system and rbe el bremtul 1o healthy Life.

cl Efoivsion of green hoase pases i.2, carbon dica|de. nilroms oxide, smethase, 2ic by human elividies mod
indmstranlazacios beading, i dralnection of paick: ul vsone layer end cong=guent glidald wamming, conld desray
crop paberns, cause gin dipsanes, raise woisr kaorl in cceans sod resulou femling. @,

M Forexir e renggirafes of the earmh s hiced terpsiny and dhe mallicos of speeics chal exis in the formms e sl
wiahh gnd 13 preally pesponsikd for presgrratin of the Boowcsyyviem The Bircals kae, themiom, 10 be presseeed
evem W cempin of tw fored mealthires@oces regwire bo be exploared for dévelopmest and indnstmolicmion.

El Palluildd of waler sources and 2iteering gualily aed supply of ek witler sources can wbect life and hesdih o[ living
arpaniams mclieliog huos beimgs.

n Chimmic changes with disasinoms consegesoces of o0l o ilems menlicoed stave.

(4] Ropid imdusratistion, pupslalion growib, deaedifg furesl cower, creslon of RebHECns §h Yelih eeat s

developmend prakt hIlec1ing not ooly Boral kesguozos, bul slis people med destrugion &l sMucily debic hills,
mvers, bbey, wnd [tema of an, cuHwe ond hbligs,

H rriawy e sean leom sbove thal any development acthiry can result n disturbence 10 tha eco-systam Lnlass

efloctiva maasumss ars taken 1 ensune that advarse eflects am ineviabla minimom end adequate mitigathsn
mgaouras ane ales 1nkan.

1925, InIhe post-Indepandence padad, massive and Bege devaslopossnt projects were undenakan lor
dawslopmand and ecanomic upliftment In all apheres viz, communbeallons Including roads, rdgaton, Hood
comtrgd, housing, industias et Thase weara moslly launchad on technlcal and economic feasiblivy and on
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Rocho-ecornomic conalidenalions. [mpact or adveess sfiecl on snvironment was pol & guiding consianation,
Thls obviously had deatrmenial ellect on the aco-syalom. This Baue has raosivad wond wida concan and
altentlon shnce the meen| pest, Tha Errth Summit in Ale da Janaira n Jun., ‘B2, n which nola was sn b
panlcipant and mtification of Global Blo-divarsity corvanbon on 28 Dacamber, 1883 Ara indcalye ol o
grave conosnin 1he mattar. For developing countias Bka Indla, the cruclal lsue |2 dovalopmeni lor uphiting
llveng standards of the people ea agabnet ervironmantal protecilon. |t eannol be denled that envirommental
problems ane doa 10 inadeguacy o devekopmant and devalopmant propect itsall i & tool for preservalion of
anvizonment as kong as ahacive protection measures ars takern.

IRC:SP:48-1998

14.3, Hill Aoads and Envi-opmant

189.3.1, All road or highway prajacts hava nedassarily 19 gome up e land and hanga hawa an Impact an
- physical and natural resources such a5 watar, air, sail, wegatation, farasls, noisa lavals, abe. as ander
depending on lecalon ol the highway praject.

18.32.  The rpads in hilly regions are allgned in forest and rmountaln areas. o most of fwese areas
survival ilsal is a fight agains! namre b the raglon by themsolves ane sndewed with gliits ol nalure and
envircnmenially and ecologically tascinating, Thess areas are treasura houses of fkea and [Aura, Importam
a& louris! and haallh resorts, pilgrim cenjers, adventure spors area, habled by undar priviieged brathren of
our land whose advancement and merger imlo mainsireamn of natlonal e depands on good road

commdurcation. Af tha tame ime, these areas are woal for developasant schemas also lka hydal peojects,
llead conteol eie.

1933 The regions am aosily n wnstablelerrain conditions subject 1o extremes of climate and are prone
1o leng-slides, flacdwng, snowlall, snow difts, glaciers/evalanche actlyity and 30 on which have adverse effect
@0 read system, Howeyer, lha rmad system ig iiself an encroachment on swmoundings, disturbimg naiweal
slaia, when lhis |2 coupled with advevse conditionz situation worsens, Ag g belenced eon-syslam is essatlal
Ior survlve! of gll Bying speckes It hacomas snparalive thel when hill rpads are developed pragenation of
anvirsnmenl and ecological balancs 15 a pad af the praject.

13.4. Impact of Highway Projecis on Environmant

1%.4.1. Highweay projests hewva impas on the physical rasonncaes $uch 42 dralinage, SUnaos water quality,
alr quality, soils and nolse kewals. Improper coss drainage can cause Swamps on olhor sl of the road
embankmen] possibly kading 19 increased flood waler levals, Water qualty can be aflecied during
eanstruction and oparation ol the higbwvay by run-cif of westes. Pollution can ogourthrough accidents causing
spills of Iransgored materals. The air quality can be afleclad by emission guhng constnction from mobie
sourzes such as vehicles involyed i construction eclivitiea as alzz from Rxed sourges such a3 sialionary
CongtruclEon eguipments ke stong cousiars and hol mix plands. During he operation phase, air quality can
be afleclad by wehicular exhaust, A pollutarls af prirmary concam heluda suspanded padiche matter,

nilrogen oxides, carben monoxioe, hvdrocarbons and (2ad. Alr poliution impast will e mora appreclsbda bn
urban and indusirial areas.

1342 The poselble poslpee and negative impacts {beneficial snd Bdversaldefrimantal} to the
Anironmant resiiting from & propased highway project in hills are given in Table 13.1.

18,5 Guidelines for Highway Frojects on Environmenial Issues
1851 Trea Minisiny af Enviranment ard Forests, Governnent ol ndls heve outlined "Envirgnumantal

Guldelinas far igiway peopacts. Tha envirarmental paramaters, pssocialad with highiey projects ams glven
inTable 19.2,
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Toble 19.1. Berwficial snd Mageiive mpachs of Hill Road Projacis

r—

Banaficial Impact

Advevie Impacl

Soclo-ecanomic upllitment of peopha

Ermploymeant opporiunity -
Education ard haaith carg

Incoma frovn Tourisle & Taxes
Enhancemand al rural

devslapmant theowgh balter
rensportation facllitas

Transportig. probassiig And

marketing agricutiural pristiucts

Qpening up new Indusities and -

gpportuntty far new accupaton
Approach to quick sardces and -
salety

Imgraved qualty af life

Balter habdtat afd houging

Feeling of sacdrly and social
arqualiry,

Landsiides., eraslon and sedimand deachargs.

Foor dreinage resuliing ir
damage leading ta flooding and
dagradation of waber gources.
Fotmation of new gullies,
Denuding of forasl aowver
Incraase in conceniration of
ron of causing watar

pdludion,

Claaring of road side
wadetatinn for hrawaad,
grazng, cuthivation and
ubranisalicn.

Increasa in trafis Rer, nolss and dust
poliutian,

Air quallty alecled by

vehicle axhaust and splils of Loy and
hazandous chemigals Inam coumiers using
ripad low Iransponiation of such matasdals.

Transtar of vector disgases.

Cheturbance 1o llora ard faUNE.

Efact on wild life through kss of habiat and
ancroachrmant.

Tahle 19.2. Enwironmental Parametars Tor Highway Projecls

0N D

— ok ok ek
o R

Surface Water Qualiay

Air Crualiby
SalsmtlogyiGaciogy
Hytrdeyy and Drainage
Soils

Eroslon (Landelides, snow slidesAdrifl, elc.)
Lang Quality and Land Usa
Figheries ar] Agqueculturs
Forsta

Tearrain and Topography
Tarrastrial Wik lile

| falt )

Agssthatlcs
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16. Fezetlemsan

17, ArcheclogealiMisions
Signifiganoe SHeE
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1%,  Raligrous sitesplacas

M. Archltacturael sies

21,  Publk haallh
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18.62. The guidelines prascripe iha lollowing procadura for assessinp highway propects
Environ ety

IRC:SP:48-1998

u Ensdtommeondsd Drupeei Agrmament (E1A )

Thin I3 & progedurs For bringing vt (e potemlidl cffculs of Bunan sclivines o gevlieameinl iyscme. idemilying
posliive mial oopmive elfecos repdlieg feom e conscructian af prajeos cisdering virkouw sbersaive alwes o
4l und deawing o4l 2 i @f garwnciore relevanl o The propes.

b Frvirammenisd Fmpsct Statament (FiIS)

The enviroemenrsd soga?t shesnod i io be followed by Epviranmemul fmpoo Statemant. The basic shjeclive
olihe 1% ison idesil P, et mod evalumte dhe Sikely impmcas of m given weli v10y asd then propere secesaary pofjon
plumcs 1o el imwinsig od Rlgmic thc adverse impaces aga par o (e drefoll envimimeol management plam. 1% diould
caver the fiflewing

l. A bl discusaion of |k projed.
il. ReEctipdaon of ke exishng Envaranmenl
i Likely impucad o 1be proposed project boch sdverng and benglicial: meerible, shorblong Lermompacia.

I Miigation, proeecrign el SANEemem IR
Y. Considersion of diamaives.
ul Bffea of or « chagpe sligrnnlive

These ssens M2 Redrsary o predicn the lkely sdveize cansrypuence afich wali reculs noc cely in svaidabde ey of
oeucal reicoszz bl alic addvieonal tapeditue To vite an inslamcs. absence of caichamen) wnea Bfoaliids] may
Jend 10 [gsi off Forlide 1op am), Mash Agid: sed reduciion of Yive sersge af reierviist The slearse coniequences
rezult in foxr af naticssl asascy deek gz land. wacer, foresis snd 2 a6 variely ol plems sed animals.

<} Enviranmeg Migsremeod Flao (F24F)

The Envirpmmen: Maoupement Maa is an smplemenchionn plan for cwrying out miligaleen, proaeccion
tnhuncement MEatures a5 37t recusnmended by ghe EI5 The EMP gives details a5 do oo these messures should be
rperaded, the rasaorees deaguined amed dhe sckedmle v anpdeurcolatiom.

19.5. Mitigathan Maasures

19.6.1. Keapine in view (e Imoaitance of enwircnmeanial aspacie, it isimperalive thal mitigalion measures
are incomrxalad at the planning staga el which may awen irwolee changing the vartical and horizantal
ghignments, Sulicient informaton needs to be elicited at tha Manning stage 0 regard 1o anvisanmental
charactanistics of 1ha prajact viz, delmeatian ol national parks, recreafion greas, land use, details of forest
lands, proposals b rehabilitalion of displacad persons, compansalion for loss of forest areas, dedails ol land

filllembanimments, propasals ler protecllon and renswel i I0nagds, balascirg af cut and fill and slke claaranse
alc.

19.6.2. KMitigation measures for fixed 2ourde emizzion could wmcuds Iscation of ail slationafy equapmant
as far away a5 practicabla leom the work sila to allgw dispersion of armitted pollulznta and stabilisaton o
areaz prong 10 dust amlssion by spreading weater. Mifigation measunes for noise dyuring consimction ¢ould
indlude gpelling oul parmissible alandeeds lor reise for eoostrociion equipment in the condrect specificanons
and rasticiing the hours o consimclion 2l sansitive areas such as schooks and hospilals.

19.8.3. Mitigation measuras 1or mobile sources could includa performing Gonstrecton achiviliss during
nom-paak hours (o awgid siresl closures, usa of low emisslon (digsel) vehicles, sstting limids of maxsmum
glowable amizsion perodic checks lor amission control, wse o] dusl cavers crear 1he bede o trecks Gunng
transpotatlon.

1954, Mitigatlon measures lor unsiatde hilk slopes, andslide - prons areas glc could ba approprate
slatdlisabion meazgres, protaclvalesaired stinicturas and eyven alamele reule seaclon ale.

168.6.5. Mitigation rmeaszures during oparation phaze coutd include coanstrustion of bulfer strips on ailhar
side, planting of Ires belis, canstnaction of nolsa barmere, roise insulation of public building auch az gchads.
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hoepitaln #tc, Improvement of squipmeant and vahicla desim, ramuting of vy Inaiia and changing spoed
mile.

187, Enviraonmerial Monltoring

18.7.1. Monloring ¢l the impacls and measures takan, aspaclally alr, ndge, weter, sfinctvenees of
control raasures, #it. i 4 requiremsn & ensure that the sluallon doss nol deterfiorata.

18,8 Manegermnant Canglderations

19.8.1. While Imgplamanting hill road projacts canain aspacts of eanstnaclion and mairsnance should ba
kepd I mind Tor implemantalion 8o 8 part of the project covenng prijedt proposils, construction technigues,
mantanance gyslem, . Some impoertant aspacta are given as unkar -

LY Imnpsmaen paiads an which arisntios in required dusiag plenniog and copdruction amd monwerz of hipl fomds, —
Appendie - 14

L] Check Wit of polats abvoo] erosion Loniied oo the constrochgn of randd in iy seeas. — Appeadis - 15

19.9. Requiremants of the Mindsiry of Environment

1991,  The Ministy of Emimnment and Forests notfied rubes relging 10 envitonmeantal clearance
ragquiramants in January, 1992 which envisaged etale level claaranca upte S km kenpih for all roads in the
Himalayas or imehing Torest lands and Cantral leved clearances for Yengihs beyond B kim. Hawever, these
rubes wers revised in Januacy, 1993, Tha revised nules envisage Iha folgwing ghven in Tahble 108.3.

Table 15,3, Guldalbven for environmantal clearance

Narne of the iﬁmjact Clesrance at Stata lavel
1.  Tarrad roads [Biluman sufaced) L S km lgngth

In Himatayas and forast Bind
2. Matlenzl Highways Lipto S km kengih

3. State Highways
al nvelving fovast land Lipto & km herglt

b} Hox invobving loresl lang Al lengths

Claarance for projecls atave \hese threshald kevala iz 1o be abtained ai the Cenlral Covammant level. As
thesa policies are subjad 1o change, 1he lalest and the cumant policy wilk hawa to be adoptad.

1210, Legialation on Envirohimental 13sues

13.10.1. To ensure commd on use of forest ares o devekpment projects and 10 ansure proteciion of
envirpnmenl while imglamenting such prodacts the lollowing enactments have bean done by Gavt. of India,

a)  Foras! (Consarvallon) Acl 1980 {as amendad feom A o lirma)
by Faras ICongsrvallen) Rule 12871 {ag amendad feon s 10 lima)
£} Emyvirgnment {Pretaction} Act 1308
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Tha previskorae In the sbove Ordinance/Ac {a9 par curant amendmols, f any) anwell ss Rulas
framed Thare-undar should be kapl b view while plaming and mplamanting road prolacts and making

Envirsnmanial impact Assessment, These are very reddwiynl b hill reade due lo 1he tarain and lepograpy
gl the replona whara hill roede @ planmed,

IRC:SP:48-1998

18.10.2. The Foresl (consarvation) Fulas, 1841 have bean amencéd vida Forest (conssorvation)
Amandmant Aulks 18682 and tha curranl provisken of rube 4 are gs undet -

n Buery Siate Soverwmont of siber duibafily sething the priar sppeoval undue seclion 3 ahall scad Iy proposat b she
cenical Governanent in tha farm apprmded 1o these rults. Frowlded tha ull propovils invody g slepring of muurally

premi ozew | foreal dund or partion thersal Tor U pucpaee of yEng it for realformabie|o shell Be s in tee fonm
off Watklap Plamffapagemend Flen,

) Evvcry propeisl releeged vo Im gub-rule {1} shall b rod Lo the Followheg oddrese, namely -

Enrabary o B Govemme of inda,

ol Ernvisumapnd ard Focsadt,
P rpaaran Bhanar, G0 Corghas, Lod Foad,
Mo Dbl - 110003

Pl that A1 proposaks ovolving Torest Lusd optn Ei-smy heeieres md propedils [svelviey deanmg of
mefurally priven 12641 in forest Land or porlioo theteal ftd 12 purpess of walng A for raifTansmbee shall
be senloo Use Chicl Comsenator of FirensiConssrador of Porert of the ecdzmed Pegioral Qe of the
Mimimcy of Environeend amd Fapdns,

) lia Pule % oof The cmid rules far sub nabe 41 the [ loedng Aub-nade shall be subsiiiced. Hasely -

11 "The Ceniml {Sovermment shall celec sytry propopal feceived by it under fwb-rale (13 of rule 4 of
COMnIACE far ics advoe cheracm i che anca of dhe fodess haed invalved is meome thab 1eeay heclares.

Povidok thad prajrogals [avclvlag cleanog of saburadly grawn spees in foeess land o potion thereof for che
purpcse of wring it For cenTomeiarloa shall ood be refered O 1be Communee foc s advice”

For the anngxure appanded 1o the sald nules, the Term shall ba & per lommat given al Appandic-16.
1811, Conchugion

18,111, Aserniranmental claarance has become aninascapabia part of preperalian of highvway projecls,
it iz eseential that all higheay englmeers are familiar with #a requiraments of the Minlsiry of Envimnmeand
and Foreats. The miligatisn maasures reguired for envdronmantal management should be wel undersiosd
and provided for as speallle lbams m the cos) estimates. K suflicsant and detalled atlention is mgt paid (o IRls,
i i5 quite likely that s claarance of highwey projacts wil get badly delayed attedling development.
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EXECUTIVE SUMMARY

l. Climate Change Strategy

One of the youngest state of Indian Union,
Mizoram is very much vulnerable to the
impacts of a changing climate and sometimes
faces wrath of freak weather events due to
its geo-climatic condition, making the entire
state as one of the most hazard prone states
in the country. The state is annually swept
by cyclonic storms, cloudbursts, hailstorms
and landslides. The valleys are hot and wet
during summer and in the upper reaches it
stays comfortably cool. However, the effect
of global warming has been experienced here
with data showing increase in rise in mean
and maximum temperature over the last 10
years. There are also frequent occurrence of
violent storms during March and April that
come from North-West Direction. Mizoram
receives an average rainfall of about 3000mm
in a year and this is evenly distributed and
it is not drought or flood prone.Although
the State is enjoying abundance of rainfall
during monsoon period, the dry spell during
non-monsoon period is really hard for the
people. Due to the steepness of the hillsides,
underground water retention is minimal,
causing perennial water sources to dry up
during this period. This had been aggravated
by the tradition custom of jhum cultivation,
commonly known as slash and burn.

N7 .
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Moreover it also has a very low adaptability
due to the socio-economic and bio-
physical conditions.A recent report on
climate change impact in India highlights
that “extreme precipitation events may
increase by 5-10 days in all the regions in
the Northeast, which might cause wide
alarm in the region as many parts of the
region are prone to landslides and flash
floods which are only aggravated by heavy
rainfall due to steep gradient.

The main objective of Climate Change
Action Plan is to strategize adaptation
and mitigation initiative towards emission
stabilization and enhance the resilience of
the ecosystem.

Plan Process

Government of Mizoram has taken the
climate change issue very seriously. A
detailed roadmap has been chalked out
to develop the climate change action
plan for the state.Climate Change Council
of Mizoram is created to develop state
action plan for assessment, adaptation
and mitigation of climate change with an
objective to monitor the targets, objectives
and achievements of the national missions
specified by National Action Plan on Climate

et Y B
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Change (NAPCC). The respective missions shall be taken care of and attended to by the individual
departments who shall strive to attain the listed objectives within stipulated time frames and
ensure their vertical integration with the National Mission.

SI No Designation Position in Council
1 Hon'ble Chief Minister, Chairman Chairman

2 Hon'ble Minister, Rural Development Member

3 Hon'ble Minister, Agriculture, etc. Member

4 Hon'ble Minister, PHE, Tourism, etc. Member

5 Hon'ble Minister, Transport, etc. Member

6 Hon'ble Minister, Revenue Member

7 Hon'ble Minister, Forests Member

8 Vice Chairman, State Planning Board Member

9 Chief Secretary, Govt. of Mizoram Member

10 Principal Secy, PHE, Agri, etc. Member

11 Secretary, Environment & Forests Member

12 Secretary, Tourism Member

13 Secretary, R.D. Member

14 Secretary, Horticulture Member

15 Principal Secy., Planning & Prog. Implementation Member Secretary

The operating arm of the Climate Change Council is designated as the Executive Council.

Position in the Council

Designation

1 | Chief Secretary, Govt. of Mizoram Chairman

2 Principal Secy, Planning & Prog. Implementation Member

3 Principal Secretary, PHE, Agri, etc. Member

4 | Principal Chief Conservator of Forests Member

5 | Secretary, Rural Development Member

6 | Secretary, Horticulture Member

7 | Secretary, Tourism Member

8 | Principal Adviser Planning Member

9 | Chief Scientific Officer, Science & Technology Member Secretary

Il. Sustainable Agriculture

TheState’seconomyispredominantlyagrarian,
with more than 60% of the total work force
engaged eitherdirectly or indirectly with
the sector. Irrespective of the considerable
dependency of the economy the agricultural
sector in the state is quite under developed
duetothepredominantmethod of cultivation,
lack of irrigation facility which is largely due

o j © = ety ¥ " < L i - 2
i LState Action Plan on Climate Change: Mizoram
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to unfavourable physical conditions and the
land holding pattern that prohibits taking
up initiatives towards facilitating increase
of yield. As per the present status, the total
annual requirement of rice for Mizoram
is 19,22,030 Quintals/year but Mizoram
produces only 462924 quintals/ year (24%
of the total requirement) so the deficiency is
76% which is likely to worsen under negative
impact of climate change or weather
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variability. Adaptation measure if taken up
judiciously can offset the negative impacts
of climate change on irrigated rice but in the
case of rain-fed rice, growing of tolerant and
high input efficiency rice varieties with better
management and assured irrigation only can
reduce the climate change impacts.

experienced land degradation (total of 20.64
% of Mizoram) at an alarming rate owing to
the destructive slash-and-burn system of
cultivation.

From the animal husbandry and fisheries
point of view the state is facing serious

problem due to increase in deficiency of
To add on the agricultural issue lies the rainfall.

land degradation problem. Mizoram has

Key priorities: Agriculture

Development of Land (Levelling, bundling, etc) for Wetland Rice

Cultivation (WRC) on available lands having 0-10% slope and Improvement of Existing
Wetland Rice Cultivation (WRC)

Developing data base on genotypes of local crop varieties (mainly rice varieties) and
identification of suitable varieties for different agro-climatic zones.

Impact assessment of paddy cultivation through agricultural inputs such as crop varities,
kharif crops and promotion of rain water harvesting and construction of eco friendly mini
check dams for irrigation.

Assessment study and demonstration of Systematic Rice Intensification (SRI) cultivation
and Capacity building to train farmers in latest rice cropping techniques specially evolved
to counter adverse effects of climate change

Optimization of jhum cultivation through conservation of arable land, water utilization
management, parallel cultivation of alternative crops and Alternative jhum Control to
Livelihood

Construction of Hill Slope terraces for conservation of moisture and cultivation of food
grain, vegetable, pulses and oilseed crops

Increasing the area under perennial fruit plantation crops and low value high volume crops
to help cope with uncertain weather patterns.

Management of climate change impact on horticulture and Climate risk management
studies

Improving post harvest management such as cold chain for perishable crops and winter
cultivation practices

Promotion of organic farming through usage of compost and vermi compost

Adoption of Integrated Pest Management for improved crop yield, Preparedness to tackle
emerging scenarios of pests and capacity building for stakeholders

Research study on livestock disease and establishment of early warning system and
Capacity building to Stakeholders

Study of impact of Climate Change on the indigenous fauna of aquatic ecosystem and open
waters

Water storage and providing proper diversion channels to the existing ponds for drainage
of catchment runoff during sudden heavy rains

Providing extensive support and services to fishermen through establishment of district
level training centres

Water bodies conservation for fishery sector and establishment of fishery units in reservoirs
and riverine area

WA VA R e Yy
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lll. Sustainable Himalayan Mission

Mizoram is a fragment of Lower Himalayan
range exhibiting a part of Mountain ecosystem
comprising 21 moderate hill ranges and
forest ecosystem. In between these two
dominant ecosystems, lies the freshwater
ecosystem. Climate Change impacts coupled
with anthropogenic pressure is most likely
to impart its negative effect on the fragile
Mountain Ecosystem of Mizoram. The
assessment of impact of climate change on
forest ecosystems has clearly demonstrated
the possibility of adverse implications on
biodiversity and a large decrease in net
primary productivity of forest. Such a
projected shift or change in forest types likely
leads to large-scale forest disappearance
and loss of biodiversity. Forest ecosystems
are already subjected to socio-economic
pressures leading to forest degradation,
with adverse impacts on the livelihoods of
the forest-dependent communities. Climate
change in the projected scenario is like to
exacerbate the stress on forest ecosystems. To
add on the possibility of stress development
of adaptation strategies is constrained by
uncertainty in the current projections of

V. Green Mission

The forest coverin Mizoram is around 91.27%
of state geographical area, which in highest in
the countryandistherichestsource of carbon
sink. However, the major constraints for the
state are higher deforestation rates due to
jhum cultivation and forest degradation
caused by anthropogenic pressure. Due to
this the majority of the forests classified
under the open and medium dense forest
category and only 1% of forest cover classified
under the high dense forest with the canopy
cover more than 40%. Lack of infrastructure,
Market Linkages and sustainable forest
policies making under-utilization of potential
for development of forest based enterprises
within the state. Almost 2/3rd of the area
has already been degraded. These depleted
and degraded forests could not meet the
growing demands of timber and other forest
products in the state and cannot provide a
safeguard to the ecological functions like soil
conservation, protection of land degradation,
maintenance of agricultural productivity and
protection of catchment area.

Key priorities: Sustainable Himalayan Mission

1. Biodiversity Assessment

2. Research on Wildlife Population and Corridors - Mountain Goats, Burmese green Peacock,

Malayan Bear
Creation of Biodiversity Park

3
4. Assessment of climate vulnerability and climate change impacts on state biodiversity and

forest resources

Documentation and enrichment of biodiversity database through Peoples Biodiversity Register

(PBR) at the JFMC Level

Inventorying and Conservation of Medicinal Plants

Monitoring of carbon stock and biodiversity at regular intervals

Eco-tourism promotion for biodiversity protection and sustainable livelihood

Undertaking study on valuation of forest resources

Work to establish new systems to support for public awareness building through Establishment

of Envis Centre

Restructuring land use policy for jhum cultivation and habitation on notified forest lands
Policy formulation on transportation subsidy or development of low cost transportation for

primary Forest products of the state

Protection of forests and forest land from soil erosion in 1,35, 000 Ha
Conservation and Management of two major Wetlands

.-l" -
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Key priorities: Green Mission

Improvement of forest quality and
density in degraded Ilands and
abandoned jhum lands

Improvement of the productivity of
Bamboo and promotion of local value
addition through establishment of
market linkages

Undertaking studies on climate change
impacts on NTFP productivity and
sustainable harvesting practices for
adaptation of climate change

Capacity building of communities/
community  forest management
institutions for climate change
adaptation

Prevention and control mechanism for
forest invasive species and its utilization
strategies

Promotion of forest based industries

Formulation of conservation strategies
for Orchids and establishment of market
linkages for value addition

Livelihood improvement Activities for
forest dependent communities

Strengthening of Forest Department

. GIS based Monitoring and Evaluation
of the program

. Strengthening of Local VSS
. Publicity / media and Outreach

. Establishment of Mission Directorate

V. Sustainable Habitat

The state has experienced relatively slower
economic growth in comparison with rest of
India. The state of Mizoram, the smallest state
intermsofsize, isthefifthmosturbanizedstate
in India with 49% of its population residing
in urban areas. The level of urbanization in
Mizoram is likely to be 99% in 2016. As a
result of rapid increase of population within
the state spilling of population outside the
city limits has taken place. It highlighted the

L M Action Plan on Cllmate Chanie Mlzoram

fact that the towns in Mizoram are overgrown
villages, trading centres with some rural
development administrative office outfits,
which become urban settlements. These
outgrowth areas are generally devoid of
basic urban services and are administered
through rural growth mechanism. There are
increasing urban problems of overcrowding
and growth of slums, scarcity of water
supply, inadequacies of public health and
sanitation system, mismanagement of waste
materials. The existing urban infrastructure
for service delivery is increasingly insufficient,
even for provision of core urban public
services such as water supply, sanitation
and sewerage, urban roads and solid waste
management. Sanitation possesses major
problems with the absence of any sewerage
system in urban areas resulting in drainage
of domestic effluent into nearby rivers and
streams leading to contamination of water
sources.Absence of storm water drainage
poses problems of water logging and
flooding, causing landslides and soil erosion.
Indiscriminate developmental activities also
add to the problem by obstructing drains
and encroaching rainwater flow paths.Solid
waste is a pressing urban issue for Mizoram
primarily because of its difficult terrain.
Inadequate collection and improper disposal
currently lead to spillage and contamination
of soil and surface as well as groundwater
streams.The urban transport sector has been
largely neglected in the State, characterised
by heavy traffic congestion due to narrow
roads, rapid growth in number of vehicles
along with highly topographic and concentric
development.Integrated sewerage and
drainage system is not available in all cities
of Mizoram. City development plans are
underway for construction of the same in
the major cities and district headquarters
of Mizoram. Under the Urban Infrastructure
Development Scheme for Small and Medium
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Towns (UIDSSMT) and Integrated Housing and
Slum Development Programme (IHSDP) major
initiatives taken for six district headquarters.

Key Priorities: Sustainable Habitat

1. Capacity Building and research
initiatives on Climate Change
Impacts and Preparedness

Improvement in water usage
management for urban drainage to
reduce climate change impacts

Development of climate friendly
Waste management systems and
improvement of aesthetics

Reduction of disaster risk through
climate change adaptation

Energy efficiency improvement and
promotion of renewable energy
usage in urban sector

Improvement of vehicular pollution
control mechanism for reduction of
GHG emissions

Assessment and inventorisation of
climate change impact on urban
sector

VL. Health

One of the youngest states of the union,
Mizoram lying in the far flung area of the
country is extremely vulnerable to the
extremes of climate change due to its
location in the fragile ecosystem and limited
access with the rest of the country. Barring
the scenario profiling of the health condition
towards determining the possible impact
of climate change on the health status and
modelling the impact reduction framework, it
is also essential to have a clear understanding

of the socio economic scenario of the region
that creates a conducive environment for
occurrence and spread of diseases. The socio
economic indicators like education, gender,
poverty, housing, amenities and employment
provide a background towards understanding
of the health scenario of the region.

Transmission dynamics of malaria is highly
climate sensitive and is severely impacted by
the climaticconditions. Epidemiological study
substantiated the impact of climate change
on malaria. Irrespective of the fact that the
number of malarial death has decreased
across the year the number of malarial
incidence and annual parasite incidence has
enhanced across the year substantiating the
increase in the morbidity due to malaria.

The State of Mizoram is characterised with
poorand unsafe drinking water and sanitation
facilities (9.99% of the rural household and
1% of the urban household in the state lacks
toilet- 2001 census). The unavailability of
safe drinking water and improper sanitation
facilities in far off and inaccessible area
enhances the chances of incidence of water
borne diseases.The situation of quality water
availability is further worsen during the dry
season due to increase of the pathogen
loading of the water as well as during the
over precipitation(water contamination via
flooding) period due to increase in microbial
loading.Of the Water borne diseases the
incidence of Diarrhoea and enteric fever are
guite noticeable in the state. Although the
rate of the both the diseases has decreased
in 2010 in compared to 2009 the total
number of cases seems to provide additional
diseases burden.

Assuming current emission level continue
their is high chances for deterioration of
air quality in urban region as well increased
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exposure to ozone and other air pollutant
including particulate matter projecting an
increase in cardio- respiratory morbidity
and mortality. Certain weather patterns
enhances the development of urban heat
island, the intensity of which is important
for secondary chemical reaction within the
urban atmosphere leading to elevated level
of some pollutants.

Theclimatechange mayalsoaltertheseasonal
distribution of some allergenic pollen species
leading to physiological problem.

The lowering of yield of food crops due
to climatic variability might diminishes
dietary diversity and reduces overall food
consumption and may therefore lead to
micronutrient deficiencies posing impact
including death, malnutrition and/or
micronutrient deficiencies specially among
the vulnerable section of the population with
lower economic stability. Food insecurity
issue may also lead to urban migration.

VIl. Solar Mission and Renewable
Energy Sector

Mizoram is far behind in terms of the
economic and infrastructural growth level of
the nation since last three decades which can
easily be depicted from the per capita energy
consumption , a key indicator of human
development and growth . Availability and
access to quality, reliable and affordable
power is critical parameters for promoting
economic and social development of the
developing countries.

The state which is a power deficit owing to
minimal in-house power generation capacity
is facing a serious power shortage. The
change in climate condition and inconsistent
rainfall pattern in the state is observed in last
few leading to non-availability of water in
lean period.

However to cater the ever increasing power
demand due to various factors like population

Key priorities: Health Sector

. Identify extrinsic and intrinsic drivers of malaria and identifying immunity intervention
measures towards control of incidence of malaria.
Assessment of impact of heat stress on human health and framing adaptation strategy,
identification, documentation and awareness creation on temperature related morbidity
Evidence based assessment of biophysical determinants of malaria and development of
framework for adaptation measures for malaria control.
Carrying out of Adaptation study
Research initiatives to identify change in pattern of diseases by region due to climate
change/ weather variation
Study and documentation of diseases caused by water (water borne) and development of
institutional mechanism to reduce the incidence/outbreaks of such diseases along with
awareness generation
Development of institutional framework and infrastructural facilities for early detection of
vector borne diseases, including managing outbreaks
Establishment of pathological laboratory with state of art technology for diseases
identification
Public health system infrastructure development for extreme climate risk management and
managing outbreaks of major diseases
Capacity building and training for health workers for sensitisation of climate variation and
health impacts
Research study on malnutrition of vulnerable group due to food security caused mainly due
to climatic variation

State Action Plan on Clﬁte Char‘1‘e" Mizoram : | vii v F
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268 Energy Efficiency

growth, urbanization and to kick start the
industrial development and considering
the present power crisis in the state, the
state government has begun to explore the
possibility of enhancing the power generation
by focusing on installation of more number
of hydro power plants as the state so as to
counter the lower water availability across
the lean period. The following facts forms the
basis of the stratigising the actions.

Key Priorities: Solar Mission and
Renewable Energy Sector

Up scaling Renewable Energy Application
for meeting up decentralized distributed
or Off-grid area energy demand

Unlocking grid interactive solar power
generation and supplement the
conventional grid power under National
Solar Mission

Reduce anticipated energy and peak
demand through promotion and
implementation of pilot SWH application
by undertaking installation of 100 Nos.
of 100 LPD systems and 100 Nos. of 200
LPD systems across various demand
segments

Develop RE systems supply chain through
empanelment of renewable energy
technology manufacturers /distributors
with ZEDA and support in development
of their set-up in the state.

Institutional development and
strengthening of ZEDA for promotion of
Renewable Energy applications

Awareness creation and manpower
development for enhancement of the
renewable energy application

. Market Transformation of Renewable
Energy applications through policy
measures

Outlook towards linking climate change
and energy sector are usually centred on
mitigation effort because the current fossil
fuel based energy generation method is
a major contributor to climate change.
Developing options of low carbon growth
and reducing carbon footprint are important
activitiestowards limitingthe degree of future
climate change. Several mitigation initiatives
are conceptualized under National Mission
for Enhanced Energy Efficiency (NMEEE)
with Bureau of Energy Efficiency (BEE) and
Energy Efficiency Services Limited (EESL)
to address climate change concerns and
attain energy security of the nation. NMEEE
has strategized the following initiatives, in
addition to the policies and programmes for
energy efficiency being implemented by BEE.
The state of Mizoram has already started
initiation for addressing the climate change
issues, with a focus on reduce of energy
demand through energy conservation and
efficiency improvement measures. However,
itis essential that, such efforts are in line with
the National Mission on Enhanced Energy
Efficiency. The key elements for the multi -
pronged strategy of the sector for mitigation
and adaptation measures were identified
after detailed deliberation in the working
groups.

.-l" -
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Key Priorities: Energy efficiency

1. Awareness creation and manpower
development to enhance the energy
efficiency measures

Market Transformation of Energy
Efficiency applications through policy
measures -

Up-gradation of transmission and
distribution network for minimization
of energy losses

Penetration of energy efficient devices
in domestic and public utility systems
facilitated by financial, supply chain and
market incentives

Unlocking the energy efficiency activity
in IGEA mode

Institutional development and
strengthening of Energy departments
for Energy Efficiency promotion
Increase Hydro-power generation by
supporting private or public investors
in setting up projects and undertake
demonstration projects.

IX. Water

Water is not only the source of sustenance
of life the availability of desired quality and
quantity of water is the prime factor for
economic prosperity, enhancing the quality
of life and contributing to the food security
of the nation. The assured supply of irrigation
water (irrigation is the major consumer of
water resources contributing to 83% of the
total water consumption) is the primary
function of food grain production and
contributes towards national food security.

Although the total amount of fresh water
available at present is enough to meet up
the current requirement of the state but the
availability of desired quality and quantity
of water may get strained in some places
under projected impact of climate changes,
increase in population, lifestyle, economic
stability, land use pattern, agricultural
production, urbanisation and migration of
population followed by uneven distribution
of precipitation over space and time.

alll N 1/
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Climate change is likely to impart formidable
challengetothe watersectorandtheadversity
may increase due to the location of the sate
in fragile ecosystem. The impact of climate
change on water sector is likely to be due
to erratic precipitation creating variability in
river flow and increased frequency/ intensity
of extremes events including flood. Increased
frequency and severity of floods may affect
groundwater quality in alluvial aquifers.
Similarly increased rainfall intensity may
lead to higher runoff and possibly reduced
recharge.

The other consequence of climate change
envisaged is increased evapo-transpiration
influencing groundwater recharge and
change in rainfall pattern resulting in lower
agricultural productivity.

National Water mission established under
National Action plan on Climate Change is
designed to ensure Conservation of water,
minimizing wastage and ensuring its more
equitable distribution both across and within
States through integrated water resources
management. Promotion of integrated basin
level water resources management (Basin
Level management strategies are planned
to be reconsidered to deal with variability
in rainfall and water flows), increasing water
use efficiency by 20%, focussing attention
to vulnerable areas including over exploited
areas and water conservation are few
designed initiative under the programme.
The mission will also seek to optimise
the efficiency of existing irrigation system
including rehabilitation of system that has
been run down and also to expand irrigation,
where feasible with special effort to increase
storage capacity. Initiatives to reduce fresh
water use in urban areas are also planned
under the mission. Since water is a state
subject the plans and programmes under
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the mission to be executed falls under the preview of the state government. It is therefore
important that the key priorities proposed under National Water mission are consistent with
the state plan.

Key Priorities — Water Sector

1. Climate change impact assessment of present status of water resources like river,
wetland, streams and lakes

Finalisation of plan for conservation and preservation of water resources
Formulation of State Water policy
Catchment and command area treatment through reverine afforestation

Capacity building of Water Resources department/ Mizoram PHED for integrated
water resources management

Capacity building of Water Resources department/ Mizoram PHED for integrated
water resources management

Expansion of hydrometric network and establishment of micro weather station for
regular monitoring

Community tank management for combating water borne diseases
Promoting zero energy water purification for domestic water supply

Renovation and development of traditional water harvesting system with scientific
intervention in district level

Capacity building of communities on adaptation options required for integrated
demand side as well as supply side strategies during climate stressed condition.

X. Strategic knowledge mission resources for their livelihoods. Climate

variability can fundamentally drive processes
Mission on Strategic Knowledge for climate ofimpoverishmentthroughdirectandindirect
Change is framed under the National routes: (1) Direct: Severe or repeated climate
Action Plan on Climate Change to bridge shocks can push vulnerable households into a
up, assimilate and upgrade information and persistent poverty trap when their individual
knowledge available on climate variability coping responses involve divestment of
and vulnerability with an objective to forecast productive assets such as land or livestock,
as well as appraise for strategic development (2) Indirect: Climate uncertainty causes
towards low carbon inclusive growth. inability to anticipate when climatic extremes

will occur, which acts as a disincentive to
investment, innovation, and development
interventions. The main aim of the State
mission on strategic knowledge is not only
limited to the reduction of green house
gases (GHGs) but include building the coping
capacity of the vulnerable populationto

| ‘f fiX -
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Reduction and mitigation of the impact of
disasters depend on the coping capacity of
the vulnerable population; poverty makes
way for hazards becoming disasters. Climatic
changes are expected to severely impact
those who are mostly dependent on natural
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include the challenge of innovation capacity
building for sustainable development among
the vulnerable population groups.

Key priorities: Strategic Knowledge

1. Development of Knowledge
Management on Climate Change and
facilitating its operation for initial
period
To build GHG inventory and identify
the dominant GHG/CO2 emitting
sectors, industries, districts,
municipalities in order to enable
selection of mitigation opportunities.

Capacity Building on Climate Change
Capacity building of personnel in
the service department

Exposure visit for
building

capacity

Way Forward

Changes in policies, organizations and

practices:

Analyzing the key priorities revealed that
climate change orientation needs to be
provided at policy, organizational and practice
levels in different sectors. Policies need to
integrate climate change considerations. At
an organizational level, awareness, skills and
capacity has to be built.

Awareness generation and
building a focus:

capacity

Considering that climate change is a relatively
new challenge, the focus of this CAP will
be on generating awareness and building
capacity. This will be done across all levels
of the Government of Mizoram and external
stakeholders involved in the different
sectors.

L MACUW Plan on Cllmate Chanie Mlzoram .I | XIl‘

Action implemented across the economy:

Given the all-pervading nature of climate
change, action will be taken across the state
economy. The inter-connectedness of issues
pertaining to climate change necessitates
this approach. Selecting and initiating work
only in some of the sectors will undermine
the effectiveness in an overall sense.

Integrated perspective imperative:

To be effective in implementing initiatives
pertaining to the key priorities, it is vitally
important to have an integrated outlook and
not work in isolation. This will be required to
ensure maximum returns to the efforts being
made.

Low Carbon economic development:

The various mitigation initiatives being
planned across the Missions will ensure
that Mizoram proceeds on a low carbon
development path.

Biodiversity in addressing livelihoods:

The key adoptive strategy being envisaged
in the climate change action plan will
facilitate conservation of biodiversity
including restoration and rehabilitation
which will help vulnerable people, mostly
the tribal communities and economically
most backward strata, to cope with climate
change.

Building climate resilience:

The different adaptation initiatives being
planned will ensure better preparedness to
climate-induced changes, including extreme
events.
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Institutional Arrangements

In initiating the preparation of the Climate
Change Action Plan the Government of
Mizoram had constituted a committee that
delegatedtheresponsibility of Climate Change
Action Plan preparation subcommittees
from line departments to bring greater focus
on different sectors. These deliberations
revealed that implementation also requires
strong inter-sectoral and inter-department

coordination.

Financial budgets

Each working group put together a budget
for the initiatives proposed to meet the
key priorities in each sector. There are a
number of ongoing initiatives, which are also
relevant to climate change; these budgets
have also been included in determining the
overall budget for the CAP. The additional
resources required in each sector has also
been estimated and resources for these will
be sourced from the Gol or external funding
agencies. The following table provides the
rough budget estimate for the first CAP.

S. No. Particulars Approx. Amount (Cr)

1 Sustainable Agriculture Mission 420.627
2 Sustainable Himalayan Mission 131.200
3 Green India Mission 283.600
4 Sustainable Habitat Mission 1314.600
5 Mission on Health 301.500
6 Mission on Solar & Renewable Energy 158.175
7 Mission on Energy Efficiency 581.815
8 Mission on Water 469.740
9 Strategic Knowledge Mission 14.000

Total 3675.257

Mizoram Climate Change Action Plan — Monitoring & Evaluation Framework

Key Impacts Targets to

to Monitor Monitor
Sustainable Biodiversity Biodiversity
Himalayan Land Use Plan | Status Land
Mission Water Quality | Degradation

Feedback
Loop

Key Programs to

Evaluate

Protection of Land 3-5 Adjust
from Soil Erosion Years | budgets
Biodiversity & Modify
Conservation Program programs

Wetland Conservation
Programs

Xii ' State Actlon Plan on'h'rmate Charlge Mlzoram
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Sustainable Water Stress | Water Urban Planning 3-5 Adjust
Habitat Waste Collection Waste Management budgets
Mission Management | Traffic Green highways & Modify
GHG Waste Construction programs
Emissions Management
form the GHG gas
Sector reduction
Sustainable Changes in Increase Integrated watershed |3 Years | Adjust
Agriculture yields for key |inyieldin development program budgets
Mission crops watershed Perennials plantation & Modify
Frequency of | development |Program programs
crop failures | program areas | Skilled animal
Yields in Adoptions breeding programs
aquaculture | of improved Early warning system
Fish Catch varieties for diseases
rates adjusted | Targets for
for effort Livestock
Animal improvement
weight and Targets for fish
Output catch per year
Green India Changes in Reforestation | Forest Enrichment 3-5 If program
Mission the Forest rates Plantation Programs Years |do not
Cover Reduction of | Fire Management meet
Improvement | Forests Programs targets
in the Forest | ANR Coverage | Capacity Building modify
stocks Areas Programs allocation
GHG Removal | Enrichment of budgets
from Forests | Plantation
rates
Mission Energy Installation of | Biogas Promotion 3 Years | Adjust
on Solar & Security Solar Plants Program programs
Renewable Installation Wind and Solar Budgets
Energy of Improved Programs
Chullas and
Biogas
Mission Emission of Reduce Awareness creation & |3 Years | Adjust
on Energy COy Transmission | Capacity Building programs
Efficiency & Distribution | State level Budgets
Emission Losses entrepreneurs to
Intensity become ESCO

\7a71
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Mission Frequency Accuracy Water supply Modify
onWater of rainfall of flood connection Program program
in different forecasting Soil erosion Checkup according
seasons Water use program to
efficiency Water structure evaluation
rates constructed
No of
harvesting
strategies
Mission on Incidence of | Vector Borne | Vector borne diseases Modify
Health Vector Borne | Disease programs program
diseases impacts Water borne diseases according
Incidence of |relative to program to
Water Borne | baseline Heat wave impacts evaluation
Diseases Water borne | program
Frequency of | disease
Heat Waves |impacts
relative to
baseline

4
||
3
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Chapter-1
Climate Profile

1.1. Introduction

Description of the state level
statement of issues and problems

context;

Mizoram is a beautiful state with rich bio-
diversity. It is a state of rolling hills with about
21 major hill features running through the
state; streams, deep gorges evergreen forests
form part of the climate sensitive Himalayan
eco-system. The region is also very vulnerable
to the impacts of a changing climate and
sometimes faces wrath of freak weather events.
It also has a very low adaptability due to the
socio-economic conditions and bio-physical
conditions. The state is heavily forested (>70%
of the geographical area) and has got additional
incentive due to the conservation efforts. The
forests of the region provide life supporting,
provisioning, regulating, and cultural ‘eco-
system’ services to millions of local as well as
downstream people. The forests are of course
highly susceptible not only to anthropogenic
activities but also to climate change.

The valleys are hot and wet during summer
and in the upper reaches it stays comfortably
cool. It has a pleasant climate of 11°C in winter
and 20 to 30°C. However, the effect of global

v
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warming has been experienced here with data
showing increase in rise in mean and maximum
temperature over the last 10 years. There are
also frequent occurrence of violent storms
during March and April that come from North-
West Direction. Mizoram receives an average
rainfall of about 3000mm in a year and this is
evenly distributed and it is not drought or flood
prone.

Arecentreportonclimate changeimpactinindia
highlights that “extreme precipitation events
may increase by 5-10daysinall theregionsinthe
Northeast, the rise in temperature with respect
to the 1970s ranges from 1.8°C to 2.1°C. Also,
the number of rainy days is likely to increase by
1-10 days with intensity of rainfall in the region
to increase by 1-6 mm/day. This may cause
wide alarm in the region as many parts of the
region are prone to landslides and flash floods
which are only aggravated by heavy rainfall
due to steep gradient. Flash floods leave very
little scope for preparedness and also render
crop and pastureland useless. In this context,
the state climate change action preparation
has been initiated. The initiative is supported
under MoEF-GiZ partnership programme and
facilitated by knowledge partner CTRAN.

posm Y/ VBTN |



276

1.2. National Priorities and NAPCC

National Action Plan on Climate Change
emphasizes the overriding priority of
maintaining high economic growth rates to
raise living standards of the people and aligns
the measures that promote the development
objectives while also yielding co-benefits for
addressing climate change effectively.

National Missions

On June 30, 2008, Prime Minister Manmohan
Singh released India’s first National Action Plan
on Climate Change (NAPCC) outlining existing
and future policies and programs addressing
climate mitigation and adaptation. The plan
identifies eight core “national missions”
running through 2017. The various missions
are presented in the following diagram.

These missions converge to address issue relating to adaptation and as well as mitigation actions

to contain climate change.

National Solar
Mizsion

Sustainable
Agriculture

Strategic
Knowledge for

Climate
Chanpge

MNEssions on
Climate
Change

Mission for
Enhanced
Ensrgy
Efficiency

Mational

Nission on
Sustainable
Habitat

Mission for
Sustaining the
Himalaryzn
Ecosystem

Mational
Warer Mission

e

Figure 1.1: National Action Plan on Climate Change
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The idea of a sub-national action plan emerged
asitis grounded locally and has high ownership,
better awareness linking experiences of climate
linked issues to corrective actions, better
preparedness and also to set strategic priorities
at the sub-National level. These priorities would
enable the leaders in the states to make plan
for the resources and also to see the savings in
terms of long run cost associated with climate
change more closely.

Other Initiatives

Apart from this there have been several

initiatives that have positive influence on
mitigating the adverse impact of climate
change. These include (a) establishment of
creation market based instruments in sectors
that have maximum influence on climate
change ( Perform Achieve and Trade for energy
efficiency and white certificates in renewable in
energy sector, air pollutant trading in industry
and mining sector, offsetinstrumentsin forestry
sector such as compensatory afforestation (b)
encouraging Kyotomarketinstrumentslike Clean
Development Mechanism. (c) other initiatives
like Bio-Diversity Conservation, Wetland

Management, Coastal Zone Management, etc.
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Mapping state development issues and Priorities with NAPCC

Some of the sectors that have clear relevance with the national missions are mapped below in the

following table.

S | Key Sectors
No

Table 1.1: Key Sectoral Issues

Issues/Priorities at the sub-national level

National Missions for
strategic linkage

1 Agriculture | More than 2/3rd are dependent on agriculture | Sustainable agriculture
and allied |and climate change has significant impact. Require | mission
diversification, sustainable land use and pest
management as well as input management

2 Energy The state hasashortage of 50% during peak butaclean | Enhanced Energy
generator due to high potential for renewable and | Efficiency Mission,
hydel power and high percentage of educated people | National Solar Mission
can be made aware about energy conservation

3 Forest More than 70% of the state’s geographical area is| Green India Mission
forested. However, The primitive slash and burn
method of cultivation, or jhumming, in Mizoram
has led to a massive destruction of forests and
innumerable forest fires causing loss of human lives.

4 Health Vector borne diseases like Malaria is increasing the | There is no clear
state and deterioration of the water quality too has a | national mission
bearing on the health addressing this,

however, sustainable
habitat, national water
mission, rural health

mission would address
these issues

5 Sustainable | Rapid urbanisation and pressure on urban | Sustainable habitat
Habitat infrastructure, energy, water, waste handling and | mission
disposal
6 Water Water scarcity is a major issue in most part of the | National Water
state and has become a major challenge Mission

The sectotal classification also includes:

° Agriculture
husbandry, fishery and sericulture, soil
water conservation;

° Forestry (includes soil conservation and
bio-diversity)

° Habitat includes transport and works,
housing and urban development

1.4.

(horticulture, animal

of 52 persons per sq.

Baseline assessments

The population of Mizoram is 0.89 million
according to 2001 census enhanced to 1.091
million (as per 2011 census) and is scattered
over 8 districts, 26 blocks and 830 villages (as
per 2011 census). The State has the density

km. As against decadal

growth rate of 21.54% at the national level, the
population of the State has grown by 29.18%
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over the period 1991-2001 (22.78% over the
period of 2001-2011). The sex ratio of Mizoram
at 970 females to 1000 males is higher than the
national average of 940. Female literacy of the
State rose to 89.40% from 78.6% in 1991 (as per
2011 census).

One of the youngest states of union Mizoram
commands a special status in terms of the
Constitution of India. Article 371-G of the
constitution provides for special safeguards
to the religious and social practices and also
respects for the customary laws, ownership and
transfer of land requires ratification from the
state legislature. There are three autonomous
district councils (Mara, Lai and Chakma) have
been created. This is significant in the context
of climate change as issues relating to land use
change, forestprotection, sustainablecultivation
and orderly development would require
significant understanding and participation of
the local community to make it legally tenable,
socially acceptable and a driver of change for
balanced growth of the state.

Table 1.2: Administrative Setup

Description Unit Data
Area Sg. km 21081
Districts No. 8
Sub-Districts No. 23
Villages No. 830
Towns No. 23
City No. 1
District Councils | No. 3

(Soruce - census of India 2011, Provisional Report)

The state is predominantly agrarian. More
than 70 per cent of the population depend
on agriculture for their livelihood but low
productivity of the sector its high sensitivity to
climate remain a matter of concern.

1 Esi data 2009
2 INCA report 2010
3 INCA report 2010

Table 1.3: Demographic Data

Description Unit Data Data

(2001) (2011)

Population Nos. 888573 | 1091014

Density of Per Sq. 42 -

Population km

Rural Population | % of Total | 50.37 48.49

Urban Population | % of Total | 49.63 51.51

Scheduled Tribes | % of Total | 94.46 -

Total workers to | % 52.57 -

total population

Main workers % to total | 40.79 -

Marginal % to total | 11.78 -

Cultivators % to total | 54.90 -

Agriculture labour | % to total | 5.70 -

Household % to total | 1.50 -

Industry worker

Per capitaincome of Mizoramis Rs 45,982 (2009-
10) which is higher than the national average.
More than 60 per cent depend on agriculture
and industry is virtually non-existent.

Key socio-economic and ecological predictors
for the climate modelling:

Table 1.4: Socio - Economic and Ecological

Predictors

Parameters Mizoram North- India

Eastern

Region
Area in Sq. km | 22,081 2,62,179 32,87,240
Forest area to | 79%1 23.572 23.57
total area (%)
Population in | 8.98 389.84 10,287.37
lakh (2001)
Literacy Rate | 88.8 68.5 64.8
% (2001)
Poverty ratio|9.5 13.9 23.6
based on MRP
consumption
(2004-05)3

These data can be used for a holistic projection
of climate change impact.
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1.5. Past and on-going climate change
trends and risks

Due to its geo-climatic condition, the entire
state is one of the most hazard prone states
in the country. The state is annually swept by
cyclonic storms, cloudbursts, hailstorms and
landslides. To make matters worse, the State
falls under Seismic Zone V, and thus liable to
be hit by strong earthquakes. Small tremors
are felt every now and then in and around the
state. Although the State is enjoying abundance
of rainfall during monsoon period, the dry
spell during non-monsoon period is really
hard for the people. Due to the steepness of
the hillsides, underground water retention is
minimal, causing perennial water sources to dry
up during this period. This had been aggravated
by the tradition custom of jhum cultivation,
commonly known as slash and burn.The habit
of felling trees and foliage of forests and
burning them really destroy natural vegetation,
thus causing ecological imbalances. Moreover,
this usually led to unwanted spread of fire to
forests.

A study by remote sensing center in Mizoram
that tracks climatic parameters (namely rainfall,
temperature and humidity) of Aizawl City for a
period of twenty years (1986 . 2005) in Aizawal
city has been summarised below. The data were
compared and analyzed for two decades taking
an average data for 10 years interval as well as 5
years interval to arrive at brief conclusive results
on the overall climate change in Mizoram.

Rainfall pattern

Pattern of rainfall in Mizoram during the past 20
years i.e, from 1986 to 2005 follows the usual
expected trend in which maximum downpour
occurred during the monsoon seasons and
declinesduringtherest of the seasons. However,
when analyzed on a yearly basis the trend shows

.6_
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a gradual decline and then a sudden increase
from 1990 to 1995. Infact, during the span
of the 20 years study period, 1995 recorded
the highest rainfall of 3185.98 mm whereas
1994 had the lowest rainfall with a measure
of 2278.29 mm only. From here onwards, the
trend does not show either a sharp increase or
decrease in rainfall.

When analyzed on an average monthly basis per
year, the trend shows a gradual increase from
January and reaches its peak maximum during
July-August and then continues to decrease
sharply by the end of the year. Anyway, when
taken as a whole the average annual rainfall
for the studied 20 years accounts to 2793.67
mm which can be credited to the contribution
of downpour recorded during the monsoon
seasons. On analysis of the two decades, the
monthly average rainfall during 1996-2005
when compared to the previous decade of
1986-1995 shows a gradual increase during the
month of March, May, September and then a
remarkable increase during the month of July

Thus, it can be interpreted that there is
change in the rainfall trend when analyzed and
compared between the two decades, but not
on an extremely large scale which again shows
that this trend can further change the pattern
for the consecutive 10 years rainfall data. If this
usual small scale change in trend continues,
then Mizoram is not expected to experience a
sharp decrease in rainfall unless there are other
climatic elements that unexpectedly alter the
usual trend, which is mostly above the 2000
mm mark.

Temperature

Temperature data has also been analyzed
using 20 years temperature data collected and
studied for two decades. The average monthly
maximum temperature taken during the

LN
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decade of 1996-2005 shows an increase over
the previous decade of 1986- 1995, during the
early part (January-February) as well as later
part (November-December) of the years.

However, not much increase is observed during
the rest of the months on comparison and
the trend is somewhat parallel to each other.
However when analyzed on a whole, there
has been an increase in the average maximum
temperature during 1996-2005 by +0.28°C
over the decade of 1986-1995, which denotes
a trend in increase in temperature during the
last decade. The same increase is also reflected
in the average minimum temperature recorded
for the decade of 1996-2005 which is +0.30°C,
much higher than that recorded for the previous
decade of 1986- 1995. The rate of increase is
clearly reflected when the overall monthly
average temperature recorded for both decades
shows an increase of +0.29°C. The overall trend
in temperature also shows a gradual increase
during the 1996-2005 decade. The increase
in temperature as per the data indicates that
there might be further rise in the heat wave in
the years to come.

Humidity

Humidity is another climatic element that has
close relation to temperature and rainfall and
also plays a key role in affecting the climate of
a region. Average data on humidity for 20 years
was collected and analyzed for a period of 5
years each. The results studied for each period
clearly indicated that there was a gradual and
progressive increase in humidity during the
entire span of 20 years. In each of the 5 years
period datathat wasanalyzed, thetrend seemed
to decrease during the month of February but
then gradually increased till August where it
reachedits maximumandthendecreased during

the end of each year. All the data recorded were
within the wide range of +50% to +90% relative
humidity, with the highest percentage recorded
during June to August.

Taken as a whole, the average relative humidity
studied at 5 years interval for a span of 20 years
indicated a gradual increase from 73.14% in
1986-1990 to 81.42% in 2001-2005, a marked
increase of +8.28% during last two decades.

Data that have been used to study climate
change in this context are necessarily simplified
representations of the climate system prevailing
during 1986-2005. Despite the inevitable
limitations, the climate data simulations
more or less accurately reproduce the large-
scale seasonal distributions of pressure and
temperature. In addition, the large-scale
structure of precipitation (rainfall) and heat flux
(temperature variations) also closely resembles
the observed estimates on a global scale
(which was +0.3 and +0.6° C during the last 150
years).

Considering all the results obtained from the
study, it can be said that the climate parameters
studied, have either direct or indirect relation
to increased atmospheric concentrations
of the principal anthropogenic greenhouse
gases which have subsequently increased in
significant amount during the last two decades.
Elevated concentrations are predicted to persist
in the immediate atmosphere for years to come
if we do not reduce emissions of greenhouse
gases by the end of the next decade. Moreover,
the increased atmospheric levels of these
gases, especially CO,, increase the IR (Infrared)
energy absorbed by the atmosphere, thereby
producing a warming influence at the ground
level and sub-surface as a result raising the
mean temperatures by a few more degrees.
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Chapter - 2
National Action Plan on Climate Change

2.1. Introduction

India released its National Action Plan on
Climate Change (NAPCC) on 30th June 2008
to outline its strategy to meet the challenge
of Climate Change. The National Action
Plan advocates a strategy that promotes,
firstly, the adaptation to Climate Change and
secondly, further enhancement of

the  ecological sustainability of India’s

development path.
2.2. Approach to Climate Change

The National Action Plan recognises that
climate change is a global challenge and, that
it should be successfully overcome through
a globally collaborative and cooperative
effort based on the principle of equity. The
Action Plan expresses India’s willingness to
play its role as a responsible member of the
international community and to make its
contribution. In this effort, every citizen of
the planet should have an equal share of the
planetary atmospheric space. The Action Plan
suggests that the long-term convergence of
per capita GHG emissionsis the only equitable
basis for a global agreement to tackle
climate change. The Action Plan assures the
international community that India’s
percapita GHC emissions would not exceed

A AN
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the per capita GHG emissions of developed
countries, despite

imperatives.

India’s developmental

2.3. Domestic Action

India’s National Action Plan stresses that
maintaining a high growth rate is essential
for increasing living standards of the vast
majority of people of India and reducing their
vulnerability to impacts of climate change.
Accordingly, the Action Plan identifies
measures that promote the objectives of
sustainable development of India while also
yielding co-benefits for addressing climate
change. Eight National Missions which form
the core of the National Action Plan represent
multi- pronged, long term and integrate
strategies for achieving key goals in the
context of climate change.
promoting understanding of Climate Change,

The focus is on

adaptation and mitigation, energy efficiency
and natural resource conservation. While,
several of these programmes are already
a part of the current actions, the Action
Plan seeks to enhance them in scope, and
effectiveness and implement them in an
accelerated manner through time bound
plans.

S )
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Solar Mission

This mission aims at promoting the
development and use of solar energy for
power generation and other uses, as well
as to render solar energy competitive with
fossil- based energy options in urban areas,
industry, and commercial establishments.
Its goal is to generate at least 10,000
megawatts of solar power and to create a
solar research center, among other things.

Mission for Enhanced Energy

Efficiency

This mission seeks to vyield savings of
10,000 megawatts by 2012 through the
implementation of certain initiatives, such
as energy incentives (including differential
taxation on energy- efficient appliances);
setting up financing platforms for public-
private partnerships to reduce energy
consumption  through demand- side
management programs; and establishing a
system for large energy-intensive industries
and facilities to trade energy-savings
certificatessothattheycanmeetgovernment-
mandated reductions in energy consumption,

as per the Energy Conservation Act.

Mission on Sustainable Habitat

This mission seeks to promote energy

efficiency in  urban planning through
measures such as putting more emphasis
on urban waste managementand recycling,
strengtheningthe enforcement ofautomotive
fuel economy standards, using pricing
measures to encourage the purchase of fuel-
efficient vehicles, and providing incentives
for people to make greater use of public

transportation.

Water Mission

This mission aims to increase water use
efficiency by 20 percent through pricing and
regulatory measures, including the recycling
of wastewater, increases in irrigation
efficiency, and incentives to promote water-
neutral or water-positive technologies and

groundwater recharge.

Mission for Sustaining the Himalayan
Ecosystem

This mission seeks to promote the
conservation of biodiversity, forest cover,
and other ecological values in the Himalayan
region to help stop the retreat of glaciers,
as they constitute a major source of India’s

water supply.
Mission for a “Green India”

The mission plans to expand forest cover in
India by 10 percent through afforestation of
6 million hectares of degraded forest lands.

Mission for Sustainable Agriculture

The mission will foster adaptation in the

agricultural sector by supporting the
development of climate-resilient crops
and the expansion of weather insurance
mechanisms, other

among measures.

Mission on Strategic Knowledge for Climate
Change

This mission will promote “a better
understanding of climate science, impacts
and challenges.” It calls for the establishment
of a new Climate Science Research Fund,
improved climate modeling, and increased
international collaboration. It will also

foster private sector initiatives aimed at
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developing adaptation and mitigation

technologies through venture capital funds.
2.4. Other Initiatives

Apart from the eight National Missions, the
National Action Plan also envisages other
initiatives aimed at enhancing mitigation
and adaptation. These include research
& development in the area of ultra super
critical boilers in coal-based thermal plants;
integrated gasification combined cycle
technology to make coal based power
generation efficient; setting up more
combined cycle natural gas plants; promotion
of nuclear energy through adoption of fast
breeder and thorium-based thermal reactor
technology in nuclear power generation;
adoption of high-voltage AC and high-voltage
DC transmission to reduce technical losses
during transmission and distribution; small
and large scale hydro power; promotion of
renewable energy technologies such as bio-
mass combustion and gasification-based
power generation; enhancements in the
regulatory/tariff regimes to help mainstream
renewable-based sources in the national
power system; and renewable energy
technologies for transportation and industrial
fuels. In addition, the Action Plan envisages
effective disaster management strategies

that include mainstreaming disaster risk

reduction into infrastructure project design,

strengthening communication networks
and disaster management facilities at all
levels; protection of coastal areas, provision
of enhanced public health care services, and
assessment of increased burden of disease
due to climate change. The Action Plan also
highlights the role of Central Government,
State Governments and local Bodiesin putting
inplace appropriate delivery mechanisms and
building adequate capacity and knowledge
in the relevant institutions for effective

adaptation and mitigation actions.
2.5. Institutional Mechanism

The National Missions are to be
institutionalized by the respective Ministries
and will be organized through inter sectoral
groups. Appropriate mechanisms including
public- private partnership and civil
society actions, will be devised, as suited,
for effective delivery of each individual
Mission’s objectives. Comprehensive Mission
documents detailing objectives, strategies,
plan of action, timelines and monitoring
and evaluation criteria of all eight Missions
and Other Initiatives are to be developed by
December 2008 and submitted to the Prime
Minister’s Council on Climate Change. The
work is to be coordinated by the Ministry of

Environment & Forests.
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Chapter-3

Agro-climatic Zone Level Assessment of
Climate Change Impact

The State of Mizoram enjoys a typical climate
with variations ranging from Sub-tropical
to temperate conditions in hilly areas. The
quick changes in topography of Mizoram
consequences a significant climate changes
within a short distance. According to the
Rainfall assessment of last five years, it is
seen that the precipitation is decreasing with
respect to the average rainfall of last five
years. Through assessment of Agro climatic
zones of Mizoram, Risks and opportunities
were also identified in relation to projected
impacts of climate change. Climate change
projections were used to define agro-
climatic zones, which served to distinguish
the priority risks and opportunities and
latter we can prioritize the adaptation
options. According to Agro Climatic Zones

of Mizoram, the prioritization of Mitigation
and Adaptation option has been carried
out in a three stages. 1) Categorization,
2) semi-quantitative approach (to assess
the magnitude and likelihood of risks and
opportunities), 3) prioritized according
to their combined magnitude-likelihood
scores.

The analysis also refers a time-frame;
therefore the suggested adaptation and
mitigation options are projected risks and
opportunities within this period. But, due
to the lack of quantified information on
uncertainty in climate change scenarios in
Mizoram, a detailed time-frame analysis is
not carried out. Our findings are given below
in a tabular from.

Table 3.1: Problems and Potentials with respect to Agro-climatic region in Mizoram

Agro- State Problems Typology Potential Potential
climatic Agricultural Horticultural crops:
region crops:

Eastern | Mizoram toxicity and soil Fragile Rice (kala Potato, ginger,
Hima- acidity, Soil land; Low | joha), Rabi cauliflower,
Iaygn erosion and floods, pr.oc.:lu- maize, rape cabbage,

Region- o ctivity; seed & mushrooms,

I shifting and Fragile | mustard turmeric, Black
cultivation, low ecology | and pulses | pepper, cardamom,
SRRs, non availability | prone to medicinal &
of electricity, poor soiI_erosion ar_omatics
road, poor Input with low ' (Clnchpna,
. level of Chiryata, Himalayan
delivery system and | ;. ioation & Yew, Bhumi
Communication recurrent aonla & Tejpat)
infrastructure. floods. & ornamentals
(orchids).
w
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Table 3.2: Agro Climatic features of Sub-Regions of Mizoram

NARP Zone Agro Climatic Features of the Sub Regions
Sub Region CE Climate Soil
mm)
1) Humid Himalayan 2441 Per humid to | Brown Hills Rice, maize,
Sub-Tropical Hills humid Ragi, potato
Hill Zone North-East 3528 Per humidto | Redsandy | Rice, rapeseed,
Hills humid laterite maize
2) Humid . . .
Tem Upper 2809 Humid to per | Alluvial, red Rice, jute,
perate humnid I d. wheat
Sub-Alpine | Brahmaputra umi oamy rapeseed, whea
Zone Southern Hills 2052 Per humid to | Acidic soils Rice, maize,
humid sesame,

3) Humid sugarcane
Sub-Tropical Lower 1840 Per humid to | Alluvial, red | Rice, rapeseed,
Hill Zone Brahmaputra humid loamy, tarai | wheat, jute,

soils potato

AGROCLIMATIC ZONE
& ISOHYTALSMATP

AVERAGE OF 10 YEARS

HIIMITH TENMDP
SUB-ALFINE

HUMID MILD

TROPICALZONE S,

SOO0 - 35300mm

2500 = 3000mm
2000 = 2500mm

Figure 3.1
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Table 3.3: District wise rainfall comparison in Mizoram

District Average Rainfall of  Rainfall in 2009 upto Less % from
last five years (in 24th July (in mm) normal
mm)
1. Aizawl 1680.4 951.1 43.4
2. Champhai 1132.5 802.1 29.14
3 Kolasib 1398.1 1078.2 22.8
4. Lawngtlai 1337.5 944.8 29.3
5. Lunglei 1353.5 759.6 43.8
6. Mamit 1772.3 1052.3 40.6
7. Saiha 1628 1151 29.3
8. Serchhip 1276.5 675.2 47.1
Average Mizoram 1447.3 926.7 35.9

Table 3.4: Sector wise Climate Vulnerability and key Interventions in Mizoram

Modules Climatic Vulnerabilities Key Interventions
NRM e Water scarcity Polythene mulching in vegetables
during Rabi season Rainwater harvesting structure (farm pond)
e Poor soil health Percolation pond for recharging ground
water
Soil test based nutrient application
Crop e Water scarcity Introduction of adapted high yielding varieties
production during Rabi season of new crop
e Poor soil health Appropriate inter-cropping systems
Micro-irrigation systems — sprinkler, drip
Livestock & e Mortality and Prophylaxis of livestock
fisheries morbidity losses due Mitigation of mineral deficiencies in livestock
to biotic and abiotic Production and supply of seedlings of fodder
stresses trees/ grasses and Azolla
e Fodder scarcity
Institutional e Low seed Seed bank/ seed production of seeds through
replacement  rate farmers groups
& poor access to Community managed farm machinery custom
improved seeds hiring centre
e Poor access to farm Training 2-3 rural youth as livestock service
implements providers for prophylaxis
e Poor access to live- Agro advisory based on IMD weather forecast
stock services and village weather observatory
e Losses due to highly Training 2-3 rural youth for maintaining micro-
uncertain weather irrigation systems and farm machinery
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Chapter : 4
Process of Preparation of Climate Change

Action Plan in Mizoram

4.1. Formulation of SAPCC

Objective of SAPCC

The main objective of Climate Change Action
Plan is to strategize adaptation and mitigation
initiative towards emission stabilization and
enhance the resilience of the ecosystem.

This exercise helps serving as a platform to take
the climate change agenda of the state forward
which in future could be a combination of
advocacy, knowledge deepening, policy analysis
and operational work. However, there is also the
need for putting forward actions where public
investment would be needed to make the state
and community more climate resilient.

4.2. Methodology

Government of Mizoram has taken the climate
changeissue very seriously. Adetailed roadmap
has been chalked out to develop the climate
change action plan for the state.

Institutional Framework

Climate Change Council of Mizoram will
coordinate state action plan for assessment,
adaptation and mitigation of climate change.
The composition of the Council on Climate
Change is as follows:

Table 4.1

S | Designation Position in

No Council

1 |Hon’ble Chief Minister, | Chairman
Chairman

2 |Hon’ble Minister, Rural|Member
Development

3 | Hon'ble Minister, | Member
Agriculture, etc.

4 | Hon’ble Minister, PHE, | Member
Tourism, etc.

5 |Hon’ble Minister, | Member
Transport, etc.

6 | Hon’ble Minister, Revenue | Member

7 | Hon’ble Minister, Forests | Member

8 |[Vice Chairman, State|Member

Planning Board

9 | Chief Secretary, Govt, of | Member

Mizoram
10 | Principal Secy, PHE, Agri, | Member
etc.
11 |Secretary, Environment & | Member
Forests
12 | Secretary, Tourism Member
13 | Secretary, R.D. Member
14 | Secretary, Horticulture Member

Member
Secretary

15 | Principal Secy,
&Prog. Implemtn.

Planning

Objective: The overall objective of the Council
would be to monitor the targets, objectives and
achievements of the national missions specified
by National Action Plan on Climate Change
(NAPCC). The respective missions shall be
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taken care of and attended to by the individual
departments who shall strive to attain the
listed objectives within stipulated time frames
and ensure their vertical integration with the
National Mission.

The operating arm of the climate change council
shall be the executive council. The composition
of the council shall be as follows:

Table 4.2
Designation Position in
the Council
1 Chief Secretary, Govt, of | Chairman
Mizoram
2 Principal Secy, Planning | Member
&Prog. Impimtn.
3 Principal” Secretary, PHE, | Member
Agri, etc
4 Principal Chief | Member
Conservator of Forests
5 Secretary, Rural | Member
Development
6 Secretary, Horticulture Member
7 Secretary, Tourism Member

8 Principal Adviser | Member
Planning

9 PrincipalScientificOfficer, M emb er
Science & Technology secretary

Objective:The objective of the executive Council
will be to monitor the directions and other
related matters of the Climate Change Council.

Roadmap for the development of the climate
change action plan

Required institutional arrangement has been
put in place for the co-ordination of the
preparation of the climate change action plan
with the support from GiZ and CTRAN consulting
acting as the knowledge partner. The following
process will be followed:

e Drafting Committee to produce the drafts (each
department nodal officers will coordinate)

e Respective Secretaries/Head of the Working
Groups will deliberate and approve

e Moderation by Nodal Department before

presenting to Council

e \Wider stakeholder consultation

e Finalisation

Figure 4.1: Way forward for the preparation of the Climate Change Action Plan
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Process of Prioritisation of the options

Adaptation and mitigation options will be generated within the working groups and prioritised. This
will be based on the state specific barriers. The prioritisation framework has been given below:

Generating the options

Figure 4.2: Generation of options

While generating the options it will be seen that, there is no strategic disconnect with the national
policy with respect to stated positions, no further need to reinvent the wheel and also proposing
workable approaches without having extra-emphasis on theoretical issues. The process will be
participative and inclusive.
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Prioritisation Framework

The process of prioritisation shall be as below:

Barriers Under Uncertainty

Large,/Complex Minimal Mone

assessment

i

under baselin

2

Importanc

Large.-"t u_rnpl_e:;_ | M_Iu_-lir_n_;ﬂ | None
Figure 4.3: Prioritisation of Sectoral Issues

This will give basket of options sectorally and also can later be linked to budgetary and extra-
budgetary resources.

Enabling framework

A low carbon development requires an enabling policy and institutional framework. This has been
given below.
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. Rationalize energy, water and agricultural
policies to Create incentives

. Efficiency Standards, codes, zoning; climate
screening/ proofing of investments

s _ Capacity of public, private and financial sector
institutions to assess and act on climate risks

Improve investment climate; deepen financial and
capital markets; new markets (cap & trade, CDM)

. Education, raising awareness and promoting change
. in Behavior of the community and preferences

Figure 4.4: Tools to develop an enabling framework for CCAP

This tool will be used to analyse and develop a plan for carbon conscious development strategy for
the state.
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Chapter -5

Sustainable Agriculture

5.1. Sectoral Overview

The State’s economy is predominantly
agrarian, with more than 60% of the total
work force engaged either directly or
indirectly in agriculture. Only 5% of the total
area is under cultivation and about 11% of
the total cultivated area is under irrigation.
However, agriculture still remains under-
developed and the primitive method of jhum
(shifting cultivation) predominates. Both
production and productivity are relatively
low. As per the Agriculture Census (1995-96),
there were 65,919 operational holdings with
a total operated area of 85,000 hectares. Out
of the total of holdings 42.04% is marginal,
39.0% small, 17.83% semi medium 1.11%
medium and 0.01% large holdings. Small
holdings make adaptation planning far more
complicated as compared to the larger ones.

Mizoram enjoys wonderful blend of climatic
conditions ranging from tropical, sub-tropical
to temperate conditions. The hill ranges runin
North — south direction with varying altitude
with an average height of 920m above sea
level, coupled with high mean annual rainfall
of 2500 mm and high relative humidity upto
90%. Mizoram has primarily sand-loamy and
clay-loamy soil rich in organic carbon and
moderately rich in available potash. The
temperature during summer season varies
from20°Cto34°Candduringthewinterseason

I\ A
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varies from 8°C to 17°C. Due to high rainfall
during May to September the soil is Acidic
ranging from 4.5-5.6 ph. In Mizoram, due to
limited availability of irrigation, agriculture
is entirely dependent on the rainwater
from the driving monsoon downpours. The
unfavourable physical conditions do not
facilitate irrigation. The uneven terrains in
Mizoram are not favourable for the cultivation
of crops. The distribution of rainfall that varies
between 1900 mm and 3000 mm and the
fertile temperate soil smooth the progress
of extensive jhum cultivation. This primeval
practice of Jhum cultivation is carried out by
a large number of people living in rural areas
of Mizoram. A number of crops like paddy,
beans, cucumber, maize, arum, sesame,
mustard and cotton are grown by practicing
jhum or shifting cultivation.

5.2. Facts about agriculture &
horticulture in Mizoram

In Mizoram, Paddy is one of the most
important crops, and after the completion
of the of paddy harvesting, the seeds of the
other crops are sown. (Paddy occupies almost
50% of the total cropped area and more than
88% of the total area under food grains.) The
sowing commences from the end of April,
close to the occurrence of the full moon. In
Mizoram, two types of paddy are sown: 1)
early paddy (short duration) and 2) principal
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paddy (long duration). The two crops are about 75,000 MT. The major fruit crops are,

grown side by side inthe samefield. Although, orange, pineapple, Passion fruit, banana,
the initial production of early paddy is poor, it mango, papaya, guava, jack fruit, grapes, pear,
ripens quickly and is a means of subsistence litchi and apple. The major vegetables grown
till the verdant golden crop of principal in Mizoram are tomato, brinjal, beans, peas,
paddy is collected. Besides agriculture, the squash, mustard, cabbage, etc. Among tuber
cultivation of crops like sugarcane, cotton, crops, potato, sweet potato and colacasia are
tapioca, oilseeds, mustard, sesame, soybean major ones grown. The climate in the State is
and pulses like cowpea, french and rice beans suitable for the cultivation of spices. Ginger,
also contribute towards the economy of turmeric, chilly, pepper, cinnamon and large
Mizoram. Horticulture also adds substantially cardamom grow very well in the State. At
to the state’s economy. present ginger, turmeric and chillies are

commonly cultivated.

Table 5.1: Area and Production of Important Crops of Mizoram

Name of 2003-04 2004-05 2005-06 2006-07 2007-08
crop Area  Produ- Area Produ- Area Produc- Area Production Area Produc-
(ha) ction (ha) ction (ha) tion (4F)] (MT) (ha) tion (MT)
(MT) (MT) (MT)

Paddy 59196 | 114630 57085 | 107661 | 55754 | 99021 52847 | 42091 54541 | 15688
Maize 10481 | 20282 10505 | 19788 11742 | 22703 10775 | 20969 7328 | 729
Pulses 4892 | 4313 6741 | 7971 2972 | 2737 5054 |5833 5048 | 2632
Oil seeds | 7532 | 5478 5817 |5321 4816 | 5429 4075 | 3755 3755 | 748
Sugarcane | 1393 |36174 1357 | 13565 1383 | 45953 1340 | 12187 12187 | 826

Source: Statistical handbook, Mizoram 2008

Since the use of fertilizer and pesticides in 5.3. Facts about the Animal
agriculture and horticulture fields is almost Husbandary:

non-existing in Mizoram, so the agricultural

and horticultural products are mostly organic, The population of cross breed & Indigenous
and the products have very high value in the cattle have increased by 16.60% and 3.88%
national and international product market. To respectively during the interval between the
motivate and encourage the organic farmers, 16th and the 17th Census. The buffalo and
and also to raise awareness, 2 Nos. of Market goat population have also increased by 6.84%
Outlet have been established at Aizawl and and 5.88% respectively, signifying the lower
Dartlang. growth in this type of livestock. Mithun & Pig

population has increased by 33% and 33.09%
respectively. Pig is the most populous and
popular livestock in Mizoram. While the cross
breed population make up for 90% of the total
population, the indigenous pig accounts for
only 10% of the total population. It is further

Agro-climatic conditionsin Mizoram are found
to be very much suitable for growing a wide
range of horticulture crops covering fruits,
vegetables, ornamental crops, and spice
crops. About 1600 Hectare has been covered
for fruit plantation with the total yield of

e B
24 I State Actlon Plan on C |mate Charlgre Mlzoram ‘F

b\ LAY B e |\

%\, Y/



299

observed that as compared to the last census,
there is a 44.00% decrease in the indigenous
population of pigs.

The Mizo tribes of north east India developed
and practiced different types of fishing
methods since time immemorial. The people
of Mizoram use locally available materials and
apply indigenous ideas and skills (indigenous
technical knowledge, ITK) for fishing. Various
fishing techniques depend on various
behavioural pattern and microhabitat type of
fishes.

5.4. Key Issues

In the last two decades significant changes
in the climatic variables has been seen
due to increasing nature of anthropogenic
activities. It is estimated that an average
area of 2.00 lakhs acres of Forest cover are
annually destroyed by slashing and burning
of trees for Jhum land in Mizoram. 3.50 lakhs
hectares are still utilized for the devastating
and unproductive jhumming (Shifting)
cultivation of Paddy. This deforestation
is due to mainly the change in land use in
which shifting cultivation or jhum cultivation
is at the centre. Mizoram has experienced
land degradation at an alarming rate owing
to the destructive slash-and-burn system
of cultivation. Mizoram Remote Sensing
Application Centre (MRSAC) has identified a
total of 20.64% of Mizoram as degraded land,
which scientists said is alarming.

Like all other North Eastern states of India-,
Mizoram is also facing the prediction and
consequences of global climate change.
Temperature is generally considered as the
first variable assessments of climate change.
Followed by other parameters like rainfall and
humidity. Agriculture is highly dependent on
these three parameters and the production
and yield of Agriculture is likely to change

due to changes of any of these parameters.
Failure of rains and occurrence of natural
disasters such as floods and droughts could
lead to crop failures, food insecurity, famine,
loss of property and life, mass migration, and
negative national economic growth within
the state.

As per the present status, the total annual
requirement of rice for Mizoram is 19,22,030
Quintals/year but Mizoram produces only
462924 quintals/ year (24% of the total
requirement) leaving a deficiency in range of
76%. Climate change might change the gap
further leading to production security issues.

5.5. Climate Change Adaptation in
Agriculture and allied sectors of
Mizoram

Adaptation measured can offset the negative
impacts of climate change onirrigated rice but
in the case of rain-fed rice, growing of tolerant
and high input efficiency rice varieties with
better management and assured irrigation
only can reduce the climate change impacts.
With such adaptation strategies, the positive
impacts can be improved further.

Meteorological report (Guwahati,2009)
depicted deficiency in rainfall which is
increasing every year (in 2005 deficiency was
22% and in 2006 deficiency was 25%). Due
to low rain fall Mizoram is facing a drought
situation affecting fish, agriculture and
livestock.

The year 2005, saw extended dry periods in
Mizoram. Many springs and streams dried
up accompanied by large scale landslides
(ICIMOD, 2008). Improper rainfall (earlier
or later) adversely affected sowing and
harvesting of crops, because of which there
was a heavy damage in harvestable grains.
Moreover, itis also seen that natural wetlands
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are dwindling in many parts of Mizoram.
Some of the ecologists have argued that more

number ofinvasive species have appeared and
distribution pattern has changed in Mizoram.
Out break of more number of diseases and
pests occurring in citrus species are also
reported. One significant impact which many
plant scientists agree to is the changes taking
place in the phenological phases in plants
(ICIMOD, 2008).

For working out the comprehensive impacts,
there is a need to link other influential
biophysical and socio-economic driving
forces those which are indirectly impacted by

climate change but influence the agriculture
of the state. Suitable agronomic management
options can act as one of the important
adaptation strategies to face climate change.

5.6. Adaptation
Agriculture

Pathways in

Effective and result-based measures should
be supported for the development of
approaches at all levels on vulnerability and
adaptation, as well as capacity-building for
the integration of adaptation concerns into
sustainable agriculture development strategy
in the state.
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and Humid
and cold

Warm
summer
winters
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Table 5.2

Impact
Erratic cropping
crop loss

season,

Pathways
Local weather monitoring stations for
data and timely predictions, temperature
tolerant crop varieties

Heavy and erratic

precipitation

Crop damage due to
prolonged submergence or
lack of timely precipitation

Stresstolerantvarieties, water harvesting,
mini-check dams and reservoirs

Traditional Jhum

cultivation

Deforestation, reduction in
carbon sinks, soil erosion
and land degradation,
livelihoods affected

Jhum optimisation through catchment
area protection, plantation crops, soil
conservation

Use of fertilisers

Reduction in carbon sink

Organic farming, Using sustainable
fertilizer and tillage practices (improving
soil drainage, no-till, etc)

Increase in vector-
borne diseases

High mortality of farm
animals

Vaccination, breeding of climate resilient
breeds

the working groups and is not yet final. A
snapshot of discussions has been presented
in the following table.

The following are the overview of the sectors
and how they are likely to be impacted due
to climate change. The sheaf of options

\are =Y

for adaptations now being mulled over by
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Table 5.3

Sectors Possible adaptive options

Agriculture | Develop new crop varieties including hybrids to increase the tolerance and
suitability of plants to temperature, moisture and other relevant climatic
conditions

Diversify crop types and varieties, including crop substitution, to address the
environmental variations and economic risks associated with climate change
Soil and moisture conservation practices through activities like: contour
ploughing, check dams and bunding, organic manuring, mulching etc.

Develop water management and conservation innovations, including irrigation,
to address the risk of moisture deficiencies and increasing frequency of droughts

Develop early warning systems that provide daily weather predictions and
seasonal forecasts

Change timing of farm operations like sowing and harvesting to address the
changing duration of growing seasons and associated changes in temperature
and moisture

Encourage organic farming practices

Conservation of agrobiodiversity to provide specific gene pools for crop and
livestock adaptation to climate change.

Selection of crops and cultivars with tolerance to pests and diseases to generate
greater genetic variability (FAO)

Developing resilient rice crops to heat stress

Use of genetic markers for speeding up breeding process

Geographical analysis of vulnerable regions

Site-specific adjustment in crop management (e.g. shifting planting dates and
improved water management)

Regional climate modeling to identify future “tilting points” of rice production
(e.g. the temperature level or CO, levels above which major yield losses are
experienced)

Developing newer crop management trends (e.g. diversification from rice-rice
to rice-maize systems) to alter crops’ budgets of carbon and nitrogen and thus
significantly attempt to reduce greenhouse gas emissions

Animal Breeding livestock for greater tolerance and productivity. Changes in livestock
Husbandry | practices may influence future spread/distribution of vector borne diseases

Breeding livestock for greater tolerance and productivity

Improving pastures and grazing lands management

Preservation and conservation (in-situ and ex-situ) of existing animal genetic
diversity

Technological developments, such as the development and promotion of new
crop varieties, improvements in water and soil management, and improved
animal health

Planting species with higher tolerance to changing climate
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5.7. Key Priorities

The following action points have resulted out of several rounds of discussions between the
working group members

Table 5.4
Key priorities: Agriculture
1. Development of Land (Levelling, bundling, etc) for Wetland Rice

Cultivation (WRC) on available lands having 0-10% slope and Improvement of
Existing Wetland Rice Cultivation (WRC)

3. Developing data base on genotypes of local crop varieties (mainly rice varieties)
and identification of suitable varieties for different agro-climatic zones.

4. Impact assessment of paddy cultivation through agricultural inputs such as crop
varities, kharif crops and promotion of rain water harvesting and construction of
ecofriendly mini check dams for irrigation.

5. Assessment study and demonstration of Systematic Rice Intensification (SRI)
cultivation and Capacity building to train farmers in latest rice cropping techniques
specially evolved to counter adverse effects of climate change

6. Optimization of jhum cultivation through conservation of arable land, water
utilization management, parallel cultivation of alternative crops and Alternative
jhum Control to Livelihood

7. Construction of Hill Slope terraces for conservation of moisture and cultivation of
foodgrain, vegetable, pulses and oilseed crops

8. Increasing the area under perennial fruit plantation crops and low value high
volume crops to help cope with uncertain weather patterns.

9. Management of climate change impacton horticulture and Climate risk management
studies

10. Improving post harvest management such as cold chain for perishable crops and
winter cultivation practices

11. Promotion of organic farming through usage of compost and vermicompost

12. Adoption of Integrated Pest Management for improved crop yield, Preparedness to

tackle emerging scenarios of pests and capacity building for stakeholders

13. Research study on livestock disease and establishment of early warning system and
Capacity building to Stakeholders

14. Study of impact of Climate Change on the indigenous fauna of aquatic ecosystem
and open waters

15. Water storage and providing proper diversion channels to the existing ponds for
drainage of catchment runoff during sudden heavy rains

16. Providing extensive support and services to fishermen through establishment of
district level training centres

17. Water bodies conservation for fishery sector and establishment of fishery units in
reservoirs and riverine area
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° Development of Land (Levelling,
bundling, etc) for Wetland Rice
Cultivation (WRC) on available lands
having 0-10% slope and Improvement
of Existing Wetland Rice Cultivation

(WRC)

In Mizoram, the cultivation method has
remained primitive (jhum). The main reasons
are(i) lack of suitable land for Wetland Rice
Cultivation (WRC) and (ii) lack of adequate
resources.

According to Department of Agriculture,
Government of Mizoram (2007-08) about
9560 families are practicing WRC under
an area of 11,000 hectares. It is seen that
more than 90% of them have no irrigation
facilities. In the context of environment,
household food security and eco-regional
imbalances, new directions are required
in planning and transfer of technology to
meet future challenges of growing demand
of food. Shifting Cultivation is destructive
for environment, back breaking and less
remunerative for the cultivators. Government
of Mizoram has taken an initiative to increase
and improvement of existing WRC as an
alternative farming system. Improvement
of WRC will decrease emission of CO, from
forest fire (Process of Jhum).

° Developing data base on genotypes
of local crop varieties (mainly rice
varieties) and identification of
suitable varieties for different agro-
climatic zones.

Government of Mizoram has taken initiatives
to establish and maintain genetic resource
collections of the state’s major crop species
and their close relatives. These collections are
the repository of millions of years of natural
selection and contain the genetic diversity
necessary for plant breeding efforts to cope
with the recurring pressure of pathogen

evolution and global changes in climate
and soil. Such collections typically contain
plant samples per species, usually termed
accessions, and in some cases contain some
distinct lines or accessions. The collection
depends partly on the species of the sample
and the collection in which it is maintained.
Extensive documentation systems will be
put in place to maintain and allow the use of
these collections efficiently in plant breeding
programs state-wide. These are currently
evolving to incorporate developments in
information management, such as the use of
formal ontology. Government of Mizoram will
use global positioning satellite systems used
by plant collectors which has made available
precise geographic location information for
new collections, which in turn means that
climatic and edaphic information can be
more precisely associated with genotypic
and phenotypic information for a given plant
line.

This systematic approach of documentation
includes the development of concepts
and procedures for efficient Gene Bank
management, such as reducing the number
of duplicate accessions and establishing
representative ““core collections” The goal of
these efforts is the efficient management and
utilization of the resources by plant breeding

programs
° Impact assessment of paddy
cultivation through agricultural

inputs such as crop varities, kharif
crops and promotion of rain water
harvesting and construction of
ecofriendly mini check dams for
irrigation.

About 21% of the total agricultural area is
put on the paddy/seasonal crop cultivation
within the state. Overall 63% of the total crop
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area is under jhum cultivation. According to
the departmental figure of 2007- 2008 total
production of paddy stood at 15688 lakhs
MT. Settled agriculture on terraces and valley
lands is dominated by rice cultivation. Paddy
cultivation has declined by 30% during 2008-
09. Due to uneven distribution of rainfall
over different seasons, irrigation facility is
required by most of the crops viz. field crops
like Paddy, Maize, fodders etc., plantation
crops like orange, Assam lemon, mulberries,
etc. and other cash crops like tea, coffee, red
Oil palms, etc. Along with Minor Irrigation
facilities there is an urgent need of water
harvesting system to support NLUP.

Check Dams/Earthen Dam can be suitably
constructed to collect and store surface
water from small streams and rivulets. A
water body of a reasonable size will augment
moisture retention and strengthen the water
recharging system at the sub soil level. In
spite of plenty of rains, at present, due to
hilly terrain rivers and other water sources
are usually dry, in winter leaving no scope for
irrigation.

A better water management system needs
to be introduced to harvest rain water. In
Mizoramthere are numerous positive benefits
for harvesting rainwater. The technology is
low cost, highly decentralized empowering
individuals and communities to manage
their water. It has been used to improve
access to water and sanitation at the local
level. In agriculture rainwater harvesting has
demonstrated the potential of doubling food
production by 100% compared to the 10%
increase from irrigation. Therefore Mizoram
Government has proposed to put up water
harvesting system in each of 750 villages.

° Assessment study and demonstration

of System of Rice Intensification (SRI)
cultivation and Capacity building to
train farmers in latest rice cropping
techniques specially evolved to
counter adverse effects of climate
change

Use of quality seeds and adoption of System
of Rice Intensification are the promising
and one of the best practices for raising
production and productivity of crops in the
State. Rice cultivation is concentrated in 5
districts of Mizoram. Out of which one district
falls under medium productivity group, 3
districts are under medium-low productivity
group and one district comes under low
productivity group. Triennium average area
of medium productivity group (yield 2,000-
2,500 kg/ha) in one district was 0.173 lakh
hectares, which was 32.3% of triennium
average area (0.536 lakh hectares) under rice
in the State. Triennium average production
was 0.349 lakh tonnes, which was 37.4% of
triennium average production (0.933 lakh
tonnes) of rice in the State. Triennium average
productivity of medium productivity group in
one district was 2,017 kg/ha as against 1,741
kg/ha triennium average productivity of the
State. Low productivity is attributed due to
adoption of old traditional varieties and lack
of irrigation facilities.

SRl is a simple but very effective approach
to the current food crisis. System of Rice
Intensification (SRI) cultivation has just been
introduced in the state and can contribute
to significant reduction of green house gases
emission from rice cultivation.

° Optimization of jhum cultivation
through conservation of arable
land, water utilization management,
parallel cultivation of alternative
crops and Alternative jhum Control
to Livelihood
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Jhum cultivation is the predominant land use
system in the upland areas of Mizoram where
19 to 45% of the forest area is under jhum
cultivation. Inthe hills of Mizoram, agricultural
operations are carried out up to a maximum
elevation of 5000 m with ‘slash and burn’
method. More recently, attempts have been
made to optimize the productivity of jhum
fields. There is a gradual shift in focus from
earlier campaigns to eliminate the practice
of jhum to increasing its productivity and
livelihood potential. But these efforts have
not yet been systematic. In order to offset
and improve traditional Jhum cultivation,
to prevent forest degradation and loss of
top soil, the state is likely to emphasise on
conservation measures in arable land (such
as contour bound, improvement of existing
paddy fields, bench terracing), creation of
water bodies / up scaling and upgrading
of existing water bodies, catchment area
protection and encourage parallel cultivation
of plantation crops like rubber, cashew nuts
etc. Vegetable cultivation to be taken up as a
partofHorticuturaldevelopmentProgramme.
The important species like Turmeric and
Ginger will be cultivated in Bench terraces to
avoid soil erosion. Proper capacity building
and training will be provided to the farmers of
Mizoram for optimizing the production from
their jhum fields by cultivating alder trees,
which regenerate the soil and check erosion.
The root nodules of these trees improve
fertility by fixing atmospheric nitrogen in the
soil.

With a combination of the desired altitude

(above 1000m) in Mizoram, climate and
rainfall, the tree flourishes in this area grow
fast and provide yielding of huge quantities of
firewood. The ashes of burnt alder twigs can
be mixed with the soil to increase its fertility.
No part of the tree is wasted. The wood
can be used for firewood, building houses,
making furniture and carving. The leaves
have medicinal properties and are generally
used to stop blood flow. Alder trees if planted
in terraces at bench level can prevent run-off
of topsoil.

® Construction of Hill Slope terraces
for conservation of moisture and
cultivation of foodgrain, vegetable,
pulses and oilseed crops

Tribals of Mizoram are expert in cutting
beautiful terraces along mountainslopes. This
system of cropping is beneficial in retaining
fertility of soil; preventing landslides and
checking soil erosion. Secondly, it is helpful in
retaining the moisture of soil and conserving
water, also. The Mizoram Government
understands the benefits of these farming
methods and proposes to implement a
programme that will lead to permanent
cultivation of the land by a transition to
terrace farming by construction of terraces
on the moderate slopes.

° Increasing the area under perennial
fruit plantation crops and high value
low volume crops to help cope with
uncertain weather patterns.

The agro-climatic attributes of the state have
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since been found highly congenial for growing
variety of horticultural crops particularly
on gentle slopes. These are not only highly
remunerative land use option but also help in
preventing soil erosion, improving soil fertility
thereby maintaining ecological balance. The
State Govt. has also laid emphasis on the
development and expansion of a high market
potential fruits like passion fruit, orange,
grape, papaya, chow chow (Sechiumedulis),
Arecanut (Areca catechu), Hatkora, banana,
etc. Passion fruit is cultivated in Mizoram by
almost every household as a garden fruit.

In the context of climate change, there is a
need to increase the area of plantation for
perennial fruit and high value low volume
crops. Promotion of fruit plantation will
also help in enhancing carbon sinks. It is
essential to encourage horticultural activities
in the state and minimise the impacts of
climate change on horticultural products
by increasing the area under perennial fruit
and plantation crops, increase in the area
in respect of low volume- high value crops
under protected condition, improvement in
post harvest management such as cold chain
for perishable crops and encouraging winter
cultivation to increase double and multiple

cropping.

° Management of climate change
impact on horticulture and Climate
risk management studies

The state of Mizoram is gifted with natural
growing conditions for several economically
importanthorticulture producelike Pineapple,
Oranges, Banana, Ginger, Cashew Nut, etc.
Climate change will impact the agronomy,
economics, and environmental aspects of
horticultural production. Under conditions
of changing water availability, growers need
to consider both short-term and long-term
coping strategies. Mizoram’s increasingly

variable climate poses challenges for
horticulture, given the sector’s dependency
on natural resources, especially water for
irrigation. The horticulture sector in Mizoram
is still vulnerable to predicted changes to
rainfall and temperature that will have a
negative impact on, plant growth, pest and
disease risk breakout and product quality. To
this effect, it is being proposed to carry out
a detailed study on the impact of climate
change on horticulture sector.

° Improving post harvest management
such as cold chain for perishable crops
and winter cultivation practices

Market infrastructures have not been
well organized or built up in the state so
far. Storage facilities need to be created
as well as transportation facilities for
agricultural commodities need to be
improved. The district also offers scope for
development of post harvest management
for many economically viable agricultural
and horticultural commodities. Training
for different technologies on post harvest
may be organized in selected areas. Lack of
storage facilities, transportation bottleneck,
inadequate grading, packing & drying are the
main constraints. Cold storage facilites are
available in fisheries sector. Rural godown
and market sheds in potential areas may be
created.

Processing and preservation of value added
products are required as part of the climate
change adaptation strategy. There is a
need to develop quality control measures,
adequate packing and storage techniques.
The post harvest loss negates all the efforts
that have been made to produce the crop.
Thus it is crucial to focus the research and
development of post harvest protection
method on economically less demanding and
consumer friendly alternatives for ensuring
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food security to people of Mizoram. The State
should focus on training for growers on post
harvest crop management, establishment of
good go-downs and cold storage centres with
grading facilities, market linkages, etc.

° Promotion of organic farming
through usage of compost and

vermicompost

Mizoram being declared an Organic State is
all ready to follow a well guided systematic
approach towards a uniform development
in Organic Farming. Organic farming is a
production system that largely excludes
the use of chemical fertilizers, pesticides
and growth regulators. As large scale use
of fertilizers and pesticides pose a number
of environmental hazards and imbalances
in soil nutrient level, organic farming
has been highly encouraged. The uses of
Farmyard manure, compost, bio-fertilizer, bio
pesticides, etc. are used instead of synthetic
fertilizers and chemical pesticides etc. Crop
rotation, growing of green manureing crops
viz. Dhaincha, Sunhemp, etc. and different
cultural practices are followed.

The state realises the need to continue and
expand traditional organic farming to reduce
use of fertilisers that would lead to reduction
of green-house gases in the atmosphere.
The Department has established 35 Nos. of
VermicultureandalargenumberoftheOrganic
farmers were assisted by distributing them
Vermi-Mother Culture and Vermicompost
harvested from these Vermiculture pits.
Promotion of compost /vermicompost
requires mass awareness among the farmers
and growers which is also economically viable
and has greater opportunity all over the state.
Small Vermiculture Units have been set up at
Farmers field in each District. In all 666 Units

have been established by giving assistance
@ Rs. 15,000/- per unit to each individual
farmer in the previous year and another
120 units already distributed to the Farmers
during 2010-11 under various District.

° Adoption of Integrated Pest
Management for improved crop
yield, Preparedness to tackle
emerging scenarios of pests and
capacity building for stakeholders

Integrated pest management is a broad
ecological pest control aiming at best mix
of all known pest control measures to keep
the pest population below the economic
threshold level. The major pest found in the
state are Leaf folder, Stem borer, Caseworm,
Rice gundhibugs, Leaf hoppers, Rodents, Pink
borer, Striped borer, White grub, Heliothis,
Maize Aphid etc. The multiple impacts of
climate change could significantly reduce
the effectiveness of current IPM strategies
leading to higher crop losses.

It is economically justified and sustainable
system of crop protection that leads to
maximum productivity with the least possible
adverse impact on the total environment. In
crop production technology integrated pest
management is a schedule of practices which
starts from field selection till harvest of crop.
The major componentsinthisapproachareto
advocate cultural, mechanical, biological and
chemical methods of insect pests, diseases,
weeds and rodent control compatibly.
Government of Mizoram is taking steps in
Motivating farmers to minimize the use of
pesticides and to control the environmental
population with the adoption of Integrated
Pest Management. An area of 1567 ha will
be taken up for adoption of Integrated Pest
Management as pilot.
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o Research study on livestock disease
and establishment of early warning
system and Capacity building to
Stakeholders

Mizoram although being an agrarian economy
still imports a large quantity livestock like pig,
cattle, goat, and poultry essentially required
for the overall food supply of the people.
Pork consumption in particular is very high.
The traders who organize import sell the
same in the local market. Particular policy
attention should be paid to the health risks
posed by the rapid worldwide growth in meat
consumption, both by exacerbating climate
change and by directly contributing to certain
diseases.

Temperature and rainfall variations have
increased the incidence of vector-borne
diseases. To minimize the impact of climate
change on animal health and reduce the
vector borne diseases, the state plans to
carry out a study on impact of climate
change in livestock, piggery and poultry,
ensure vaccination of farm animals against
contagious diseases, de-worming and early
disease warning system, develop a breeding
policy and use biotechnology to breed
genetically climate resilient breeds of farm
animals, and increase the availability of and
access to vaccines.

o Study of impact of Climate Change
on the indigenous fauna of aquatic
ecosystem and open waters

Aquatic ecosystems are one of the critical
components of environment. It is essential
contributors to biodiversity and ecological
productivity; they also provide a variety of
services for human populations, including
water for drinking and irrigation, recreational
opportunities, and habitat for economically
important fisheries. However, aquatic

systems have been increasingly threatened,
directly and indirectly, by human activities. In
addition to the challenges posed by land-use
change, environmental pollution, and water
diversion, aquatic systems are expected to
soon begin experiencing the added stress
of climate change. The effect of climate
change on fisheries mainly due to increase
temperature and may lead to early maturity
and breeding of fishes. However this requires
further analysis. Climate change is stress
sensitive to freshwater of Mizoram, which are
already adversely affected by avariety of other
human impacts, such as altered flow regimes
and deterioration of water quality. In Mizoram
14 major rivers and 6 lakes are the major
water sources. Wetlands are a critical habitat
for many species that are poorly adapted for
other environmental conditions and serve as
important components of fisheries. Aquatic
ecosystems have a limited ability to adapt
to climate change. Government of Mizoram
has taken an initiative to undertake research
work on climate change impact on aquatic
ecosystem so as to conserve and aquatic
ecosystem.

° Water storage and providing proper
diversion channels to the existing
ponds for drainage of catchment
runoff during sudden heavy rains

Mizoram has 24,000 hectares of potential
area available for fish farming. Due to lack
of infrastructure it has not been possible
to exploit the potential. So far only 2,640
hectares of water area has been brought
under pond fish culture. There are another
400 hectares under paddy-cum-fish culture
integrated farming with wet rice cultivation.
Besides the area, 6,000 hectares of water
area are also available in the riverine sector
in the form of rivers and streams.

The demandfor fishislikely to furtherincrease

b3 e i . Itatew-'c.:t.fc?rr lan on Climate Change: Mizoram | | 35 (' 2P P A |
W ae o tailamaeSf ) SO\ |



\@TE sy P &

310

with the increase of State population and
earning capacity of the people. This in itself
justifies a major investment for the required
development of fisheries in the state to
bridge the gap between the demand and
supply, besides generating self and regular
employment.

According to 2007-08 State report, Mizoram
gets an average annual rainfall of more than
2445mm and that too in a concentrated
period of 6 months resulting in restricting
the working season in a year. During the
heavy rain or uneven rainfall, Government
would take initiative to develop diversion
channels to avoid flash flood. At the same
time, surface sub-soil being highly absorbant,
its retention capacity of water is low.
Consequently, Mizoram faces the unique
paradoxical problem of scarcity of water in
the midst of plenty. To increase the storage
of water, government of Mizoram would
promote water resource conservation and
enhance water-use efficiency for irrigation;
on the other hand the government would
also create and development of new water
bodies for fish farming and integration of
Giant freshwater prawn in feasible areas.

° Providing extensive support and
services to fishermen through
establishment of district level
training centres

Mizoram has about 3,000 hectare of water
area under fish culture. About 7,000 families
are engaged in fish farming while another
2,000 are involved in riverine (capture)
fishery. An age old method of fishing followed
in Mizoram is to put a barrier in the flow of a
river or stream by putting stones, felled trees,
bamboos etc. and catch fish through cages
put in the openings. The existing demand,
and anticipated challenges in the state, will
require better multi-scale understanding of
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the impacts of climate change and of the
interacting contribution of fisheries and
aquaculture to food and livelihoods security.
Climate change will increase uncertainties in
the supply of fish from capture and culture.
Such uncertainty will impose new challenges
for risk assessment, which is commonly
based on knowledge of probabilities from
past events. Data for determining effects of
past climate change at best cover no more
than a few decades, and may no longer be an
adequate guide to future expectations.

A serious need is felt for developing seed
farms along with the capacity building
of fishermen communities in the private
sector to meet the present and future fish-
seed requirement from the state itself.
Department is planning to establish district
level training centres which can provide
technical support for water and soil analysis
along with identifying training needs,
providing training and capacity building of
the fishermen communities and fish farmers
for adoption of advance and sustainable
pisciculture techniques. The existing fishing
methods mostly adopted can be modified and
improved with enhancement of the capacity
building and training procedures along with
support services through the district level
training centres.

o Water bodies conservationfor fishery
sector and establishment of fishery
units in reservoirs and riverine area

It is estimated that Mizoram has a potential
area of 24,000 hectares available for fish
farming, out of which only about 10.5 percent
has been exploited so far. Due to change
in temperature and uneven rainfall fish
breeding is hampered and earning capacity
of fisherman is reduced. The demand for fish
will further increase the earning capacity
of the people. This in itself justifies a major
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investment for the required development of
fisheriesinthe stateto bridge the gap between
the demand and supply, besides generating
self and regular employment. Government of
Mizoram has identified some water bodies for
fishery sector. As per the Government report
2007-08, the existing water bodies under
fish farming in the state was 2840 hectares.
Government has taken initiatives for water
body conservation and to setup new fisheries
unit in reservoirs and riverine area for fishery
sector development.

° Greenery development of the
Devastated Barren Wasteland for

Fodder Cultivation

Mizo or Zo indigenous people depend
on jhuming type of cultivation since time
immemorial. In Mizoram, The State mainly
has non-forest wasteland which are classified
as abandoned jhum land/current jhum land.
The National Remote Sensing Agency in
its Publication ‘Wastelands Atlas of India’
2005, has indicated that 21.20 % of the
total geographical area of 21,081 Sq. km, in

Mizoram as wasteland of different categories.
This translates into 4469.88 Sq. km as total
wasteland in Mizoram. Shifting Cultivation
(current) forms the main chunk of such
wasteland and next comes the abandoned
jhum land. Due to deforestation and
uncertainty in rainfall, there is a direct impact
on the growth of palatable grass species.
Regeneration of fodder species (herbaceous
species), in pastures and forest land is also
decreasing. As a consequence, there is
shortage in quantity of livestock fodder. This
will also affects livelihoods of local people
through decreased production of milk and
milk products.

In this regards Government of Mizoram wants
to reclaim wasteland and develop some
fodders for livestock through Napier, Stylo etc.
This action will enhance the food security of
the cattle during extreme climatic conditions
and on the other hand the devastated barren
lands will be utilized with greenery and some
amount of carbon sequestration will take
place.







Chapter- 6
Sustainable Himalayan Mission

6.1. Introduction

Mizoram is a fragment of Lower Himalayan
range with altitude ranging from 500 m.
to 3000 m. The hills are steep and are
separated by the rivers which create deep
gorges between the hill ranges. There are
21 major hill ranges with average height
of 1000 ft to 2000 ft spreading across the
state. The average height of the hills is about
900 meters with highest forest cover in the
eastern region.

Climate Change impacts coupled with
anthropogenic pressure has its negative
effect on the fragile Mountain Ecosystem
of Mizoram. It faces problems of Jhum
cultivation, Soil erosion, siltation,
degradation of top soil etc. which affect the
forest quality and biodiversity. This requires
special attention to combat the situation by
way of policy action and sustainable land
use systems etc. The immense variety of the
climatic, edaphic and altitudinal variations
have resulted in a great range of ecological
habitats in Mizoram.
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6.2. Key Facts

Mizoram is mainly a hilly territory with
altitudes varying from 500ft to 3000 ft
above sea level. At the ecosystem level,
the State exhibits a part of Mountain
ecosystem comprising 21 moderate hill
ranges and forest ecosystem. In between
these two dominant ecosystems, lies
the freshwater ecosystem. The state has
different forest types belonging to 4 groups
Tropical Semi Ever Green, Tropical Moist
Deciduous, Subtropical Broadleaved Hill and
Subtropical Pine Forests (Champion & Seth’s
Classification System 1968). Around 70.43%
of Forest belongs to Tropical Evergreen
forest and 28.91% belong to Tropical Moist
deciduous Forest. The state of Mizoram is a
partof Indo-Myanmar bio geographicregion,
which is one of the rich biodiversity regions
of the world. Wildlife Sanctuaries and a
large number of sacred groves were found
in the different parts of the state, these
are the main preserves of biodiversity. The
floral diversity of Mizoram is quite rich and
also harbours about 35 species of Bamboo
belong to 8 genera. Besides, a wide variety
of wild cultivable plants, edible fruits, leafy
vegetables and orchids are found in the
natural forests of Mizoram.
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Table 6.1: Forest Type

Altitude zone  Very Dense Forest Medium Dense Forest  Open Forest Total
0-500 m 1 1,813 6,791 8605
500-1000 m 34 2,921 4520 7475
1000-2000 m 98 1,516 1544 3158
2000-3000m 1 1 0 2
Total 134 6251 12855 19240

(Based on SRTM Digital Elevation Model)

Primarily very dense forest are found in
1000-2000 m altitude range and also partly
in 500-1000 m altitude range. Moderately
dense and open forests are present mainly
in low altitude area of 0-500 m and 500 m to
1000 m (State Forest Report 2009).

6.3. Mountain river system

The rivers of Mizoram constitute a major part
ofthetopographyandare perennialinnature.
Theserivers are aided by heavy rainfall in hilly
ranges in monsoon and occasional rainfall
throughout the year. The northern part of
the state comprises of important rivers like
the Tlawng or Dhaleshwari, Tuirial or Sonai
etc. Rivers like Mat, Tiau, Tuichang, and
Tuipui fall in the southern part of Mizoram.
The rivers of Mizoram are the main source
of water for the people of the state. The
perennial rivers of the state feed the lush
green vegetation of Mizoram

6.4. Climate

The climate in  Mizoram displays
characteristics that are typically of the hilly
and mountainous region. The change in the
topographical features of the region can also
cause a change in the climatic conditions in
Mizoram.

6.5. Biodiversity

Mizoram is categorized under sub-group-
IB Northern Tropical wet evergreen forests.
Tropical Semi-Evergreen Forests cover the
major central bio-geographic zone and the
coverage is approximately 70% of the total
geographical area. Sub-Tropical Hill Forests
come in the Eastern fringes bordering
Myanmar approximately extending from
1500-2158 m mean sea level (MSL). The
area constitutes about 24% of the total
geographical area. The state has 2 National
Parks and 7 wildlife sanctuaries covering
an area of 990.75 sg. km which constitutes
4.69% of the state’s geographical area.

Flora: The floral diversity includes a large
variety of Phanerophytes which includes
variety of trees and shrubs, Parasites and
Epiphytes and succulent plants. Apart from
these, Mizoram offers plants that offer rich
timber such as teak and sal woods, plants
with medicinal values such as Cinchona, Taxus
baccata, etc, and plants that offer fruits and
vegetables. But the most significant flora of
Mizoram is the orchids.

Fauna: The forest of Mizoram hold many
threatened animal species including the
Tiger, Asian Elephant, Clouded Leopard,
Gaur, Goral, Hoolock Gibbon, Stump-tailed
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Macaque, Binturong and many others. The
avi fauna diversity in Mizoram includes
many rare and threatened species which
include Mrs Hume’s Pheasant (State bird),
Blyth’s Tragopan, Green Peafowl, White-
cheeked Partridge, Blyth’s Kingfisher, Blue
Pitta, Moustached, Striped, Rufous-vented,
Brown-capped and Spot-breasted Laughing
thrushes, Crested Finchbill, Olive and
Flavescent Bulbuls, Oriental Hobby, Wedge-
billed Wren-babbler and Purple-throated
Sunbird etc.

6.6. Key Issues
Soil Erosion

The common rocks found in Mizoram are
sandstone, shale; silt stone, clay stone and
slates. The rock system is weak and unstable,
prone to seismic influence. Soils vary from
sandy loam and clayey loam to clay, generally
mature but leached owing to steep gradient
and heavy rainfall. The soils are porous with
poor water holding capacity, deficient in
potash, phosphorous, nitrogen and even
humus.

Table 6.2: Different Types of Land Cover in

Mizoram
Type of Land Cover Area
(in sq. km)
1. Closed (good) forest 4,190
2. Closed forest affected 13,520
by shifting cultivation
3. Forest degraded by 2,600
shifting cultivation
. Non-forest 640
5. Water bodies 140
Total 21,090

Source: Forest Department, 2003

According to the report of Department of
Environment and Forests (2003), 83 percent
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of the total area of the state (21,087 sqg. km)
is covered by forest. However, due to the
traditional practice of shifting cultivation
called  ‘jhuming’,  uncontrolled fire,
unregulated felling and arbitrary allotment
of land to individuals, two-third of the area
is reported to have been partly depleted
and degraded.

Climate Change Impacts on the Forest
Ecosystem

The assessment of impact of climate
change on forest ecosystems has clearly
demonstrated the possibility of adverse
implications on biodiversity and a large
decrease in net primary productivity of
forest. Such a projected shift or change in
forest types is likely result in large-scale
forest degradation and loss of biodiversity.
Forest ecosystems are already subjected to
socio-economic pressures leading to forest
degradation and loss, with adverse impacts
on the livelihoods of the forest-dependent
communities. Climate change will exacerbate
the stress on forest ecosystems.

Development of adaptation strategies is
constrained by uncertainty in the current
projections of climate parameters and
impact assessments. Further, there is a
need for models where adaptation can be
incorporated into impact models. However,
given the general accepted knowledge in
the sector, certain priorities can be chalked
which will have a positive effect on the
sustenance of the Eco System.

Adaptation Pathways

Considering the ecological fragility of
the region, the concept of ‘Sustainable
Himalayan Ecosystem’ requires promotion.
This would include formulation and
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implementation of holistic plans at the
watershed level to transform human habitats
by catalyzing the innate aspirations of local
communities towards greater sustainability
and habitat conservation. Such efforts
would also include functional consolidation
of land for promotion of natural resources
based employment generation in the region.
Sustainable Himalayan Ecosystem Mission
would also include adequate representation
of regions cultural diversity and prevailing
indigenous knowledge.

Table 6.3
Issues Impact Pathways
Soil Erosion | Top Soil Loss Affores-
lead to tation,
Barren Hill Prevention
Ranges of Soil
Flash floods Conser-
Water Scarcity vation
Adverse Micro measur-
Climate ement
Impacts Floral Conser-
on the Distribution vation and
Biodiversity | & Regener- Manag-
ations ement

= | i ‘ i.4

6.7. Key Priorities
o Biodiversity Assessment

Biodiversity Assessment and mapping is an
activity to contribute to the establishment
of a biodiversity hotspot and to improve
the management plan of the protection of
forests within the state. There is a general
lack of information and knowledge regarding
biological diversity and of the urgent need to
develop scientific, technical and institutional
capacities to provide the basic understanding
on which to plan and implement appropriate
measures. The primary objective of the
study will include an inventory of fauna and
flora; identification of unique features in the
area; ethno-botanical data; this will help
in increasing the awareness among local

people and citizens in general about their
natural heritage.

° Research on Wildlife Populations
and Corridors - Mountain Goats,
Burmese green Peacock, Malayan
Bear

The forest of Mizoram holds many threatened
mammals species like Mountain Goats,
Burmese green Peacock, and Malayan Bear.
However, the population of these species
have decreased over the years. The proposed
study will focus on the population distribution
and threats. The study will also focus on the
connecting corridors and habitat of these
endangeredspeciesandtheimpactsofhuman
activities (such as roads, infrastructural
development, or logging) on these wild life
species. The research outcomes of these
populations will contribute in policy actions
which will facilitate migration of individuals
between populations, issues of inbreeding
& reduced genetic diversity (via genetic
drift). The study helps in re-establishment
of populations that have been reduced or
eliminated due to random events (such as
fires or disease).

o Creation of Biodiversity Parks

The Mizoram state has 2 National Parks and 8
wildlife sanctuaries covering an area of 1241
sq km, which constitutes 5.89% of the state’s
geographical area. Mizoram forest has rich
floral biodiversity with rare species of orchids
and medicinal plants. The department is
proposing to establish Biodiversity Park in
the state for the conservation of rare and
threatened floral species in line with National
Biodiversity Conservation Act, 2001

o Assessment of climate vulnerability
and climate change impacts on state
biodiversity and forest resources
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In Mizoram, Forests are among the most
important natural resources, which have
played a fundamental role in supporting the
livelihood of the people. Due to its sheer
importance, the Working Group decided
to have a comprehensive study on Climate
change Impacts on the Biodiversity and
ForestResourcesinthewith changingclimatic
conditions so as to preserve and enhance
the resilience of the forest ecosystem. In
Mizoram, human activities are triggering the
biodiversity loss at alarming rates through
land use change, forest cover loss, soil
and water pollution, and degradation due
to forest fires, habitat fragmentation and
selective exploitation of species.

In the context of climate change these
vulnerability of eco systems will be further
stressed. The impacts of climate change
will vary with respect to population and
composition of species. Species with limited
climatic ranges and restricted habitat
requirement or small population are typically
the most vulnerable to extinction such as
endemic mountain species and biota. Infra-
specific variation in select species is also
proposed to be taken up as a part of the
study.

This study will act as a precursor for the
future planning of Mizoram forest sector
for conservation of forest resources. This
study will necessarily focus on the impact
of climate Change on Biodiversity, Forest
Resources and adaptation measures to be
taken in the Planning for minimization of
Climate Change Impacts.

° Documentation and enrichment
of biodiversity database through
Peoples Biodiversity Register (PBR)
at the JFMC Level

People in Mizoram are continued to depend
on biodiversity and bio-resources for their
livelihoods. Such populations are directly
dependent on local biological resource and
have keen sense of observation, practices.
This is passed on from generation to
generation. Working Group recognized
importance of the documentation and to
publish the list of rare, endangered and
threatened species in their territory and to
launch special programmes for conservation.
Local bodies will be entrusted with the task
of preparing, maintaining and validating
people’s biodiversity register (PBR) in
consultation with local people. The registers
will have details of the access to biological
resources and traditional knowledge. The
PBRs would be digitized and patents will be
filled in the future.

o Inventorying and Conservation of
Medicinal Plants

Mizoram has one of the oldest, richest &
most diverse cultural traditions associated
with use of medicinal plants. There are large
number of traditional herbal medicines
practitioners who  have traditional
knowledge of herbal home remedies of
ailments & nutrition. The herbal medicines
used by rural people including tribals have
not yet been documented. Compiling an
exhaustive inventory of medicinal plants in
the State is the need of the hour. Although
these medicinal plants are less popular but
possess a surprising breadth of knowledge
on medicinal plants and the specific
ailments that they cure. Many of these
plants grow in the wild and have never been
cultivated. Extensive forest degradation
has made several specimens rare and
hard-to-find. Conserving them ensures
their availability for scientific investigation
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and serves to propagate this ancient art,
thereby enriching indigenous knowledge
in medicine. Documentation of medicinal
plants will follow the National Medicinal
Plants Board (NMPB), guidelines on Good
Agriculture Practices (GAPs) on the pattern
of Good Agriculture and Field Collection
Practices (GACPs) developed by the World
Health Organization (WHO) for medicinal
plants.

° Monitoring of carbon stock and
biodiversity at regular intervals

Reduce Emission from Deforestation and
Degradation (REDD) is a climate change
mitigation mechanism that could be adopted
to compensate Mizoram for keeping their
forests standing and also conserve more
habitat and ensure greater ecosystem
services functions. To implement the REDD a
monitoring mechanism for carbon stock and
biodiversity at regular intervals is necessary.
The monitoring carbon stock includes above
and below ground biomass, soil organic
carbonandalsoremovalsfromtheforest. This
monitoring mechanism also helps in taking
scientific management of bio resources and
to plan for adaptation strategies.

° Eco-tourism promotion for
biodiversity protection and
sustainable livelihood

Mizoram has wide varieties of hilly terrains,
luxuriant valleys, rivers, lakes and rich
flora & fauna in the eastern part of India
and also shares international borders with
Bangladesh and Myanmar. The mild climate
conditions in Mizoram throughout the year
and types of the forests ranging from the
moist tropical and moist sub-tropical have
great eco-tourism potentials nationally and
internationally. Eco-tourism can provide
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sustainable livelihood to the rural tribal
communities whose primary dependency
is Jhum cultivation. The alternative income
source through such initive with reduce the
extent of Jhum cultivation. The alternate
income source through such initiative will
reduce the extent of Jhum cultivation.

For promotion and development of eco-
tourism in forest areas small degraded or
barren land may be put to use along with
the landscaping, plantation, regeneration
and protection components which would
be jointly managed by the Department of
Tourism and Department of Forest with the
help of local community for which no specific
diversion may be required. Sacred Groves in
Mizoram has vast amount of tourist potential
to be realized. Sacred Groves are the loose
ends of relict virgin forests which are quite
different from the surrounding degraded
forests. Thus these can serve as micro-level
biodiversity hotspots.

To secure the necessary funding for the
Forestry Administration and to manage the
protected area in future, the development
of ecotourism as a financing mechanism
can be one of the best options for Mizoram.
Mizoram Government might develop and
promote conservation of natural resources
and ecotourism initiatives in collaboration
with local communities, with the aim of
protecting the landscape and generating
new & alternative job opportunities for
local people to replace Jhum cultivation and
commercial logging that threaten the forest.

° Undertaking study on valuation
of forest resources (Non traded)
and climate change impacts on the

vulnerable ecosystems

The forests of Mizoram provide some
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tangible benefits in the form of food, fuel,
fiber, timber and other forest products
and also some intangible benefits like soil
conservation, watershed management,
ground water recharge etc. There are many
uses of forest that are directly or indirectly
consumptive and durable or non-durable.
Theseareconservation, recreational benefits,
the commercially available benefits (i.e.
newsprint, cardboard, building materials,
edible fruits, woods, fuel woods etc.), eco
services (i.e. bio-diversity, climate regulation
service, soil erosion control, etc.)

Till date the Total forest valuation has not
been conducted in Mizoram. Considering the
natural forest in Mizoram, the commercial
and direct value of forest is not sufficient
for evaluation of the forest resources. It
has some indirect values, which cannot be
determined from the market. But at present,
estimation procedure of non- marketed
forest products, indirect values and non-
use values of forest do not properly appear
in the state accounts. Forest valuation is
required in the state to identify the actual
forest revenue and its contribution to state
GDP. Climate Change Action Plan working
group recognized the importance of the
total valuation forest resources to measure
the loss of GDP through climate change.

° Work to establish new systems
to support for public awareness
building through Establishment of
Envis Centre

The present thrust of forest department
is around creating awareness of forest
ecosystems. The Climate change action plan
will emphasize on the creation of public
awarenessandgreaterinvolvementof people
in climate change mitigation and adaptation
programmes through this center. Periodic

o S ame BRI B e
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thematic workshops will be organized to
sensitize the public and generate awareness
in the line of conservation and effect of
climate change on local ecosystems.

o Restructuring land use policy for
jhum cultivation and habitation on
notified forest lands

Jhum or Shifting Cultivation, a traditional
means of agriculture based on indigenous
knowledge system as the major form of
livelihood for Mizoram farming community
was a viable proposition in the past. About
80 per cent of farmers in Mizoram still
depend on jhum cultivation that involves
clearing forests and burning trees, weeds
and bamboos and is believed to have
caused considerable loss of forest cover in
the species-rich tropical rainforests of the
region. Jhum burning also accounts for a
very high percentage of gas emission when
every year huge amount of land in rain forest
are cut down and burnt.

New Land Use Policy focused on eco-friendly
activities, preserving green forest and
through programme of bamboo plantation
would aim atincreasing forest cover fromthe
present 49% to 60% of the total land area.
The area between Tuilut to Dampa-Rengpui
is dominated and extensively used for
jhuming. Restructuring of the present land
use policy is required for control of jhuming
in notified forest area. The proposed policy
willaddresstheissuesrelatedtothe Innerline
Reserved Forest Notification of 17thOctober
1878 and Riverine Reserved Forests Gazatte
Notification of ADC on 19 May 1965 which
notified the majority of the catchment area
of the Rivers as Reserved Forest, These
policy actions will take measure to reduce
the soil erosion, water conservation and
would encourage the forestation on a large
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scale with the benefit of environmental
protection and over a period time opening
up scope for carbon economy.

e Policy formulation on transportation
subsidy or development of low cost
transportation for primary Forest

products of the state

Unfortunately, the infrastructure facilities
in Mizoram are very poor and the industrial
sector has equally been the victim of
infrastructural bottlenecks especially in
transportation. The high transportation cost
of Bamboo and NTFPs from Forest area to
consumer market makes it uneconomical.
Subsidy and alternative trade route
development for Bamboo is very important
aspect of bamboo market development.

The state will provide transport subsidy on
plant & machinery, raw materials transport
to attract perspective entrepreneurs in to
this sector. The main objectives of both the
policies are ; the enrichment of industrial
growth potentials lying in the sectors
like agriculture, horticulture, forest and
establishment of proper linkage amongst
the industries based on resources available
in these sectors. Mizoram Government will
restructure the existing transport policy
to introduce subsidy for transportation of
forest based products.

° Protection of forests and forest land
from soil erosion in 1,35, 000 Ha

Forests play an important role in Mizoram for
preventing soil erosion and landslides. They

also play regulatory role in water quality of
rivers and act as watersheds. However the
jhum cultivation in the Mizoram has degraded
nearly 2/3 rd of forest land. Hence Soil
conservation methods such as construction
of check-dams, gully plugging, terracing,
Agrostology methods, soil-stabilization
plantations etc will be taken in Mizoram
State. These measures are also useful for re-
charging ground water reserves, to provide
employment and livelihood support systems.
To stop the soil erosion; measures such
as plugging of gullies will also restore and
rejuvenate the soil fertility status.

o Conservation and Management of
two major Wetlands

International Union for Conservation of
Nature (IUCN) 2007 report on Wetland
conservation indicates that local people’s
involvement in wetland management can
contribute significantly to maintaining
or restoring ecological integrity and
community wellbeing. Building upon this
co-management of two major wetlands
viz Palak Dil Lake (Proposed for Ramsar
site) and Tamdil Lake were selected for the
conservation. Proposed activity involves in
mapping of vital parts of hydrological cycle,
catchment area development, water quality
monitoring, and conservation of biological
diversity to support wide range of ecosystem
services such as waste assimilation, water
purification and livelihood improvement of
local communities. This exercise will also help
in flood mitigation, ground water recharge
and micro climate control in Mizoram State.




Chapter -7
Green Mission

7.1. Introduction

The forest cover in the Mizoram is 91.27%
of state geographical area, which in highest
in India (Forest Survey of India (FSI), 2009).
Forests and Mountains constitute dominant
feature of the state’s landscapes, economy
and environment. The State enjoys different
types of evergreen forests and waterfalls
as well as areas of unique floral and faunal
varieties. The majority of the forested land
lies in notified forest and also significant
forest cover lies under the management
of communities and individuals. Mizoram
has the most variegated hilly terrain in the
eastern part of India.

However, the major constraints for the state
are higher deforestation rates due to jhum
cultivation and forest degradation caused
by anthropogenic pressure. Due to this the
majority of the forests classified under the
open and medium dense forest category
and only 1% of forest cover classified under
the high dense forest with the canopy cover
more than 40%. Lack of infrastructure,
Market Linkages and sustainable forest
policies making under-utilization of potential
for development of forest based enterprises
within the state. Almost 2/3rd of the area
has already been degraded. These depleted

and degraded forests could not meet the
growing demands of timber and other forest
products in the state and cannot provide
a safeguard to the ecological functions
like soil conservation, protection of land
degradation, maintenance of agricultural
productivity and protection of catchment
area.

National Mission for Green India under the
National Action Plan for Climate Change
recognized the forestry sector as one of
the most effective carbon sinks to mitigate
and adapt to the Climate Change and its
indispensible role in the conservation
of ecological balance and biodiversity
restoration. Mizoram Climate Change
Forestry Green Mission Action Plan is
prepared as per the guidelines of National
Green Mission.

7.2. Key Facts about urban areas in
Mizoram

The recorded forest area of the state is
16,717 sq. km out of this reserved forest
constitutes 47.31%, protected forest
constitutes 21.34% and Un-classified Forests
constitutes 31.35% of the total forest area.
About 80% of the state geographical area is
under recorded forests.
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Table 7.1: District wise forest cover in 2005 (Area in km?)

District Geographical Very Mod Open Total Change* Scrub
Area Dense dense Forest
Forest Forest

Aizawl 3575 32 1013 2278 3323 | 92.95 196 0
Champhal 3185 58 1180 1519 2757 | 86.56 175 0
Kolasib 1,382 0 210 1090 1300 | 94.07 32 0
Lawngtlai 2557 0 699 1681 2380 | 93.08 53 0
Lunglei 453 0 1586 2698 4284 | 94.44 38

Mamit 3025 41 568 2137 2746 | 90.78 105 0
Saiha 1400 0 629 703 1332 | 95.14 -4 0
Serchhip 1421 3 366 749 118 78.68 45 0
Total 21081 134 6251 12855 | 19240 | 91.27 640 1

*Change compared to 2005 assessment (revised) : Forest Survey of India, 2009 Report

Vi

The state has about 134 sg. km of very
dense forest area covering Aizawl, Mamit
and Champhai districts, while Serchip having
the lowest amount of very dense forest
cover and other districts doesn’t have any
very dense forest cover. More than half of
the moderately dense forest can be found
in Aizawl, Champhai and Lunglei Districts.
Open forest constitutes 66% of total forest
cover spreading across the Mizoram State.

Traditional Community Forest Management
has adopted long way back by the local
communities in Mizoram by forming village
safety and village supply reserve for their
daily use of Forest Resources. However,
Mizoram forest department has adopted
the Joint Forest Management in the year
1998, which envisaged in involvement of the
local communities and voluntary agencies
in planning, protection, regeneration and
development of forests. Already there are
593 JFM committees being formed and
managing more than 26000 ha of forest area
till date.

7.3. Key Issues

Agriculture and allied sector is the mainstay
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for 70% of the total population in the
Mizoram. However, most of the Geographic
terrain of the Mizoram is not conducive to
the sustainable agriculture practices due to
the slope of the terrain which made them to
opt for Jhum cultivation. Jhum cultivation on
forest lands has been responsible for habitat
fragmentation, destruction and degradation
of the forests in the state. Almost the entire
state is influenced by age-old practice of
Jhum Cultivation, except some pockets of
valley bottomlands. Forest Fires, High rainfall
and hilly terrain have further accentuated
the impact of human activities on the forest.

Table 7.2: Land Use Pattern in Mizoram

Category Area(ha) Percentage
(%)
Forest 1,593700 75.5
Not 1,34050 6.2
Available for
Cultivation
Other 7,209 3.4
Uncultivated
Land
Fallow Land 2,10,928 10
Cropped 1,02,903 4.9
Area

Source: Forest Statistical Handbook 2009
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Limited Cultivable land availability for the
rural population, land tenures and soil
erosion are promoting the age old tradition
of the Jhum Cultivation. Around 1,20,000
family’s dependent on the Jhum Cultivation.
Annually about 50000 hectors forest land
been diverted for the Jhum cultivation.
This practice destroys the protective and
productive vegetation in preference to a very
brief period of immediate crop production.
In order to earn their livelihood people
are practicing shifting cultivation and over-
exploiting forest resources, which leading
to the serious damage to the forest and
biodiversity. Mizoram State Government has
initiated New Land Use Policy (NLUP) from
2008 to divert Jhum cultivators towards
other income generation activities.

Second reason for the Forest degradation
is from the Forest fires. NLUP estimated
around 50% of the forests estimated to be
highly vulnerable to the both manmade
and natural forest fires. This threat further
intensifies in the case of Bamboo forests in
Mizoram, which constitutes around 32% of
the total forest area and close to the human
habitats.

Some of the emerging problems for Mizoram
Forestry sector are increasing number of
landslides due to loss of forest cover and
soil erosion, reserved forests are constantly
over-exploited in unsustainable way, laws
applicable to these forests are too weakly

enforced, overexploitation of ornamental
and medicinal plants, animal products,
conversion of forests areas into agricultural
lands and habitat destruction. Even the
sacred forests maintained as community
forests, are rapidly vanishing.

7.4. Climate
forestry sector of Mizoram

Change Adaptation in

Mizoram has about 91% forest cover of the
total land surface. Hence forestry sector
plays key role in building adaptive capacities
of the local communities.

The life cycles of forests range from decades
to centuries. Adaptation to climate changes
refers to adjustments in ecological, social,
and economic systems in response to the
effects of changes in climate. Adaptive
management of forests will contribute to
sustaining the livelihood of forest dependent
communities in Mizoram. Many existing
forests within the state and most newly
established stands will experience climatic
conditions that deviate from conditions
today. In Mizoram 67.7% of reserved forests
are intensely managed by state department.
The other proportion managed by different
district councils which fulfils multiple
functions at lower management intensity;
the remainder is managed at low intensity
or for protection, conservation or social
services.
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Table 7.3: Adaptation Pathways in Forestry sector

Issues

Warmer and drier
summer conditions

Impact

Reduced growth rates,
Increased disturbance through
fire and insects, Changes in
wood quality and quantity,
Reduced regeneration success,
Increased competition from
exotics (vegetation, insects,
and diseases)

Pathways

Identification of suitable
genotypes through provenance
trials, Development of
technology to use altered wood
quality and size, Inclusion of
climate variables in growth and
yield models, Development of
“fire-smart” landscapes

Higher precipitation
long dry spell and more
extreme weathers

Landslide, Forest fire and flood

Disaster risk reduction, Socio-
economic adjustment (water
allocation management)

Rainfall inhibition

Draught like situation and
loss of vegetation, impact on
food security and community

Conservation measures and
policy formulation for forestry

livelihood

Jhum Cultivation/ Slash
and burn technique for
agriculture

Gas Emissions

Increased degradation/ GHG | Better

dialogue and
diversification of agro-forestry
and agri-sylvicultural system

Outbreak of forest fires
Emissions

Loss of Forest Cover/ GHG Gas | Awareness

Generation,
Alternative Income Generation,
Fire management Strategies

Adaptive management of forests contributes
in sustaining the livelihood of forest
dependent communities in Mizoram. Many
existing forests within the state and most
newly established stands will experience
climatic conditions that deviate from
conditions today. Compared to agriculture,
decisions taken today for managed forests
(e.g. tree species choice) remain irreversible
for decades or even centuries. On the other
hand, selection of seed provenances for
altered climatic conditions will require time.

Preliminary review indicates that concepts
and contingency plans for adapting forests
are rarely included in state plans. Several
managementoptionsforintensivelymanaged
forests in regeneration, tending, harvesting,
protection, conservation and management

planning can be formulated state-wide.
Intensifying assessment and monitoring,
establishing new tools and indicators to rate
vulnerability and targeting research efforts
appear most promising to cope with climate
change in these forests.

While this might be seen as primarily aimed
at mitigating climate change, it has an
adaptive component of preserving species
richness, continuity of forest ecosystems
and resilience. It is estimated that adverse
climate change impacts will contribute to the
destruction of forests and thereby promote
the emission of greenhouse gases, which in
turn will enhance global warming. Mizoram
formulated the key priorities in line with
National mission. The following section will
focus on the key priorities.
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7.5. Key Priorities

The following action points have resulted out

of several rounds of discussions between the
working group members

Key priorities: Green Mission

e Improvement of forest quality
and density in degraded lands and
abandoned jhum lands

Improvement of the productivity of
Bamboo and promotion of local value
addition through establishment of
market linkages

Undertaking studies on climate

change impacts on NTFP productivity
and sustainable harvesting practices
for adaptation of climate change

Capacity building of communities/
community forest management
institutions for climate change
adaptation

Prevention and control mechanism
for forest invasive species and its
utilization strategies

Promotion of forest based industries

Formulationofconservationstrategies
for Orchids and establishment of
market linkages for value addition

Livelihood improvement Activities
for forest dependent communities

Strengthening of Forest Department

GIS based Monitoring and Evaluation
of the program

Strengthening of Local VSS
Publicity /media and Outreach
Establishment of Mission Directorate

° Improvement of forest quality
and density in degraded lands and
abandoned jhum lands

Mizoram Forest sector has highest
Forest cover in India; however it is facing
challenges in terms of forest crown density
and quality. The Jhum practice in Mizoram
destroys the protective and productive
vegetation in preference to a very brief
period of immediate crop production. After
the crop production these Jhum cultivation
areas are abandoned. Jhum cultivation
has been responsible for fragmentation,
destruction and degradation of the forests
in the Mizoram state. Annually about 50000
hectors forest land has been diverted for
the Jhum cultivation. Forest survey of India
Report, 2009 reported 91% total forest cover
of its Geographical area under tree cover
however the very dense forest constitutes
less than 1% of total forest area. This is
clearly indicating the need for the increasing
the tree cover enrichment activities to
promote the forest density. Ecological
restoration in terms of reforestation and
afforestation of degraded lands will reduce
the ill effect of climate change. The practice
of ecological restoration will develop
through block plantation, agro-forestry, farm
forestry, reforestation of urban and peri-
urban institutional lands and soil moisture
conservation measures.

Table 7.4: Fire Incidences (2009 - 2010)

Sl. No. of
Forest
Divisions

No. of
Occurrences

No.

1,277

Extent of Area
Effected by
Fire
29022.15

Estimated Value Causes of Fire
of Forest Wealth

Lost

Rs. 22,76,900
53,600 Nos. of
Seedlings

Jhum Burning
&Ground Fire

Source: State Statistical hand Book 2010
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Improvement the productivity of Bamboo and promotion of local value addition
through establishment of market linkages

Table 7.5: Bamboo Production in Mizoram

2008-09 2009-10

Quantity

Product

Revenue Revenue

Quantity

Generated
46.89

Extracted
23.44

Generated
Bamboo Nos 182 177

Extracted

Source: State Statistical Handbook, 2010

&

Over the centuries the clearly feelings for
Jhum cultivation has resulted in to the large
tracks of pure Bamboo forest in Mizoram.
It alone contributes 14% of the country’s
growing stock of bamboo with about 9210
sq. km (49.10%) of the geographical area
of 21018 sq. km of the state. However the
productivityof Bambooproductionperhector
is quite lower than international production
per hector. To increase productivity proper
Bamboo management techniques need to
be developed and applied.

The bamboo even at lower productivity
levels represent vast untapped major
resource of Mizoram, whose full ecological
and economic  potential reminded
underutilized. The eco-friendly Bamboo
crop have immense potential in improving
rural economy, industrial development and
sound economic base for the state on the
sustained basis. The latest growth stock of
Bamboo estimated to be 24 Million MT. This
implies the need to encourage enterprise
activities that will add value to its forest
products like Bamboo to generate more
income and employment for its generally
poor population. Mizoram government will
provide enterprise development support
which will include the provision of business
development and financial services and
policy support for forest based sustainable
livelihood promotion under climate change
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action plan.

Bamboo based industries in cottage, small
and medium sectors will be established within
the state. An investment friendly framework
will be designed for implementation financial
mechanisms to support the Bamboo
industries in terms of associated incentives
and subsidy. To improve the quality of the
bamboo products, new technologies will be
adopted to enhance the market outreach
& Linkages. Proper rotation will also ensure
sustainable harvest.
e Undertaking studies on climate
change impacts on NTFP productivity
and Sustainable harvesting practices
for adaptation of climate change

In Mizoram,people are dependent on the
forestsresourcesthatare directly orindirectly
consumptive and durable or non-durable.
These are NTFP Products, conservation,
recreational benefits, the commercially
available benefits (i.e. newsprint, cardboard,
building materials, edible fruits, woods, fuel
woods etc.). However, the climate change
impacts on these resources may adversely
affect the productivity of the NTFP resources
in terms of harvesting amount and quality of
the NTFPs. Dwindling availability of forest-
produce- food, fuel, medicinal herbs, etc. will
deprive the rural poor from a supplementary
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source of both income and food. Non-
timber forest products are likely to be more
vulnerable to changes in the climate system
than timber production. These products
have indirect and incremental impacts on
local economies, food security and health.
Studies have shown that there is a high
percentage of population below the poverty
line in forested areas, varying from 47.15% in
south Orissa to 37.43% in Madhya Pradesh,
as against 26.10% being the national
average. This clearly indicates that the local
population is not being benefited by the
revenue generated by forest as a natural
resource. However, baseline of the current
NTFP production and the potential impacts
of climate change yet to be quantified for
the state of Mizoram. Hence research studies
on these issues will be undertaken and also
on developing & promotion of sustainable
harvesting practices.

° Capacity building of communities/

community forest management
institutions for climate change

adaptation

Mizoram adopted the practice of Joint Forest
Management (JFM) from 1998-99 onwards
and made it essential part of plantation
programs. Currently Forest & Environment
Department registered 593 (Joint Forest
Management Committees) JFMCs and
19Forest Development Agencies (FDA)
constituted in 15 Forestry Divisions across
the State. JFMC Members are supporting
conservation activities around 26000
hectares of forest. The impact of JFM on
protection, conservation and regeneration
of forests cannot be quantified now as the
scheme is initiated only a few years back.
However FSI, 2009 report suggesting a
fairly regeneration of forest due to the JFM
activities.

The objective of proposed activity is
to building adaptive capacity among
Panchayat Raj Members Community Forest
Management Institutions and communities
towards Climate Change Adaptation for
increasing the forest cover, protection and
to reduce the climate change impacts.
These activities will be planned under JFM
for better capacity building and training of
the stakeholders and JFMCs.

° Prevention and control mechanism
for forest invasive species and its
utilization strategies

The propagation of invasive species in
Mizoram is aided by the habitat degradation
due to deforestation, developmental
activities, shifting cultivation and illegal
harvesting. The main invasive species
considered in the forestry area of Mizoram
are Mikaniamicrantha, Eupatorium
serotinumm, Musa sp. (wild banana),
Ageratum conyzoides etc. Wild banana is
predominant in the hilly slopes of Mizoram
and hindered the natural biodiversity of
these areas. However inadequate research
is available on the invasive species potential
impacts on the biodiversity. One of the
potential cost effective strategies considered
for containing the invasive species is through
promotion of usage of invasive species. Wild
banana will be promoted to utilize as fodder
for the livestock and the fibre for local dress
materials. State forest dept. will formulate
a control mechanism for these invasive
species in the forest lands and also develops
utilization plan of these invasive species
especially the wild banana

based

° Promotion of forest

industries

Mizoram has highest literacy levelinthe India
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however most people are dependent on the
natural resources for their livelihood due to
lack of infrastructure development, remote
location, poor market linkages, inadequate
power supply, difficult topography and
limited flat terrain (Just around 3%). Hence,
the promotion of forest based industries in
Mizoram has a vast potential for employment
generation and effective usage of its natural
resources. Currently forest based industries
in Mizoram are very limited; Policy Action
and Economic incentive are required to
create enable platform to encourage setting
up NTFP Processing Units, plywood industry,
other timber-based units, plantain fibre and
hill broom units. Forest department will
give special efforts for promotion of wood
based industries by enhancing plantation in
abandoned jhum land.

conservation
strategies for  Orchids and
establishment of market linkages
for value addition

° Formulation of

Within the hills of Mizoram about 246 orchid
taxain74 generawererecorded. Outofthese,
67 taxa (including saprophytes) are terrestrial
and 179 are epiphytic. Bulbophyllum parryae
and Sterogynelushaiensis are endemic.
Dendrobium, with 41 species and one
variety, is the largest genus. Forty genera, 3
being monotypic, are represented by a single
species. About 55% of the total taxa appear
to be endangered. The habit, phenology,
distribution frequency and conservation
status, and phyto-geographical affinities are
discussed for all taxa. Apart from these the
commonly found species are Vanda coerules
(Blue Vanda), Renantheraim schootiana
(Red vanda), Paphiopedilum hirsutissimum,
P. Villosum which are prohibited from
export. Conservation measures for those
endangered are also suggested. Local people
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of the state are well acquainted about the
medicinal properties of Orchids growing in
their surroundings. The knowledge gained
through their experience and on from
generation as a guarded secret. Mizoram is a
small state but quite rich in orchid diversity.

However these orchids are not properly
conserved and developed to a sustainable
utilization level due to lack of eco-scientific
management. These orchids have domestic
and international potential in cut-flower and
medicinal markets. There is great export
potential for exotic orchid species found
in Mizoram. Till date there are no such
marketing potential explored in Mizoram.
The markets are mostly operated by village
councils though constructed by Department
of Trade and Commerce. Forest dept. is
planning to establish a sustainable cultivation
and establishment of market linkages of local
orchid species which have high demand
outside the state.

° Livelihood
for forest dependent communities

improvement Activities

Climate change impacts are already being
observed, signaling an urgent need for
response measures that minimize current
vulnerabilities. By protecting and enhancing
the natural services that support livelihoods,
vulnerable communities can maintain local
safety nets and expand the range of options
for coping with disruptive shocks and trends.
The forest dependent communities are
mainly economically fragile and rely on forest
resources for a range of basic needs like food,
shelter, clothing and heating. Promotion of
alternative livelihood improvement activates
such as Rubber plantation, Bee Keeping,
Poultry and engagement in protection
activities will motivate the communities
to protect the forest and to gain economic
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benefits. The people get gainful employment
in collection of bamboo and minor forest
produce and selling them in the market
and other ancillary activities such as value
additions. This adaptive measure will help
in improvement of livelihood of the forest
dependent communities and also encourage
forest conservation which will ultimately
result in GHG sequestration.
° Strengthening of Forest
Department

Capacity building measures shall be
undertaken for personnel in forest and
environment sector to improve their skills
and professional competence keepinginview
the arduous nature of their duties, often in
remote and inhospitable places. For effective
implementation of forest and environmental
laws, regular trainings on legal aspects of
forest and environmental issues need to be
conducted for forest personnel. Adequate
infrastructure and professionals need to be
provided to meet the training requirements
of all levels of forest staff keeping in view the
current needs and future trends in forestry
management and administration.

° GIS based Monitoring and Evaluation
of the program

Global information system is also an
important tool to digitize the evaluation and
scientific management of the resources. It
plays a great role in monitoring, creation or
demarcation of reserve forests, creation of
National parks/Wildlife Sanctuaries including
afforestation /reforestation areas. In order
to ensure an integrated approach at village/
cluster/sub-landscape/sub- watershed
level, the forest department will need new
capacities. The Mission would support up-
gradation of the Range Office into a forest

and wildlife resource center (with library,
documentation, map room, GIS and MIS
cell facilities). GIS-based framework helps
in gaining a scientific understanding and
to make informed decision making on
Deforestation analysis and implementing
successful reforestation programs and
sustainable forest management.

Teams of Subject Matter Specialists at Range
and Division level (on contractual basis) will
bring in new knowledge and skills. There
include: Information and Communication
Technology (including RS/GIS capabilities),
community  mobilization,  watershed/
Soil moisture /water harvesting; finance,
ecological restoration / REDD issues etc.

° Strengthening of Local VSS

Given the fast changing rural scenario
with increase in the number of educated
unemployed/underemployed youth, the
Mission would support development of
youth cadres to lead the charge at the
local level. Support of research institutions,
universities/colleges from local area, Forest
Department and NGOs would help develop
this cadre as Self Employed Change Agents
(SECA). The cadre of community youths
will help Mission activities at the local level
with active support of Forest Department
and other agencies. This will also augment
capacity of Forest Department to facilitate
Mission activities with existing regular staff.

o Publicity /media and Outreach

Land use policies, regulation policies and
measures in respect of climate change can
encounterinertia, passiveresistanceoractive
opposition, particularly from the indigenous
communities. To providing information
and explanations is therefore vital for
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generating public and stakeholder support
for government policies and regulations.
Publicoutreach canalso encourage voluntary
changes in habits, address the arguments of
those who oppose specific actions and help
to prepare the younger generation for living
in the climate-change world.

° Establishment of Mission Directorate

Department of Forest, Government of Mizoram
wants to establish a mission directorate, for
Monitoring and Evaluation of forest development
program of Mizoram. The body will coordinate
all forest development issues to achieve the

desired target.




Chapter - 8

Sustainable Habitat

8.1. Introduction

The climate of Mizoram is neither very hot
nor very cold, but moderate throughout
the year. The whole state falls under the
direct influence of south-west monsoon and
receives an adequate amount of rainfall.
The climate of the state is humid-tropical,
characterized by short winter, long summer
with heavy rainfall.

Urbanisation is a process, rather than a
product by which a group of people start
living in towns and cities dominated by
industrial and service functions. It is a
process by which the population migrates
from rural areas to towns and cities which
are major commercial and industrial
centres in the economy. Mizoram became
a state in 1987 and Aizawl the state capital
which has been experiencing rapid socio-
economic growth. With an 11% growth at
two urban centres of Aizawl and Lunglei in
1971 the state claimed to have higher urban
population growth in the country (over 36%)
with 22 towns according to 2011 census.
The population density of Mizoram in 2011
Census is 52 persons per sq. km against 42
persons per sg. km recorded during 2001.
Among all 8 districts, Aizawl district occupied
the highest density of population with 113
persons per sq. km which is 22 persons more
than the figure recorded during 2001 (i.e.

91 persons per sg. km). Aizawl town alone
accommodates 56.26% of the total state
urban population followed by Lunglei with
31.11%, whereas Mamit shows the lowest
Urban Population of 16.96%.

The unique geology and geographical
conditions of Mizoram makes the State
vulnerable to various natural disasters. The
main hazards in the State are Earthquake and
Landslides. High winds and floods damage
houses and properties during the monsoon
season. The problem of flash floods are also
being witnessed in some parts of Mizoram,
especially in low lying areas causing damage
to house, property and crops. The speed of
windstorm in the whole State is 55m/s (198
km/h) which is the highest value specified
in the country. In such events weak houses
made of wood, bamboo etc. are the most
vulnerable. The damages which occur in
such high winds usually are localised in
nature.

Mizoram, being a hilly terrain is prone
to landslides. Every year a number of
landslides have been reported from various
localities. This causes a lot of misery to the
public resulting in loss of life and property,
disruption of communication network and
also economic burden on the society. This is
primarily attributed to high slope and relief,
immature geology, neo-tectonic activity,
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heavy rainfall and unplanned and improper

land use practice in the state. (Source :
Environmental studies of Aizawl! City using Remote
Sensing And GIS, A project report, 2005, Mizoram
State Remote Sensing Centre, S&T, Planning Dept’
Mizoram).

8.2. Key Facts about urban areas in
Mizoram

The population of Mizoram is 10,91,014.
It shows that the state’s total population
has increased by 201,441 persons during
last 10 years (Census 2011). The state has
experienced relatively slower economic
growth in comparison with rest of India. The
state of Mizoram, the smallest state in terms
of size, is the fifth most urbanized state in
India with 49% of its population residing in
urban areas. As a result of rapid increase of
population within the state and spilling of
population outside the city limits has taken
place.

Table 8.1: Population Statistics of Mizoram

Description 2011 2001
Approximate 10.91 Lakh | 8.89 Lakh
Population
Actual Population | 1,091,014 | 888,573
Male 552,339 459,109
Female 538,675 429,464
Population 22.78% 29.18%
Growth

Source: Census 2011

It highlighted the fact that the towns in
Mizoram are overgrown villages, trading
centres with some rural development
administrative office ouftfits, which become
urban settlements. These outgrowth areas
are generally devoid of basic urban services
and are administered through rural growth
mechanism. The state capital district Aizawl
has registered the highest urban population
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with 3,12,837 people living in the city while
Mamit district has seen the lowest urban
population at 14,809.

Lawngtlai district in southern Mizoram has
seen the highest rural population with 96,555
people living in villages while Saiha district
also in south has the lowest rural population
at 31,301.

Population distribution

L REFST ]
LER! =11
b
g
B e ki
B Larglai
B Ll

o lhmkn

Figure 8.1: Population distribution of Mizoram

Around 5 % of the rural households enjoy
water supply within their premises and
about 57 % of the households get water
from near their premises. For majority of the
households (47 %) the main source of water
is spring water.
Table 8.2: Distribution of Household by
source of Drinking Water

Source of Total % Rural %

drinking

water
Tap 51386 | 31.9 | 15352 | 19.3
Hand-pump 3108 19 | 1174 | 15
Tube-well 3394 2.1 | 2357 3
Well 3213 2 1425 | 1.8
Tank, Pond, 6490 3682 | 4.6
lake
River, canal 18379 | 11.4 | 14368 | 18.1
Spring 65363 | 40.6 | 37625 | 47.4
Any other 9633 6 3379 | 4.3
Total 160966 | 100 | 79362 | 100
Absence of storm water drainage poses

problems of water logging and flooding,
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causing landslides and soil erosion. The
damages caused to roads, lanes, houses,
properties and even lives by heavy rains
during rainy season are almost annual
phenomenon in Mizoram (especially within
urban areas like Aizawl, Lunglei, Champhai,
Serchhip, Kolasib, Mamit, Saiha & Lawngtlai).
Construction of Retaining Wall drains etc.
to prevent calamities, rehabilitate disaster
victims as well as for restoration and repair
works necessitated by natural disasters is
required each year in the urban areas of
Mizoram. Due to rapid urbanization owing
to movement of rural population to urban
areas in view of the incidence of increasing
poverty in rural areas, there has cropped up
a serious problem as a large number urban
poor are not having any suitable place for
habitat.

Key Issues

The state of Mizoram is located in a highly
seismic zone (Zone V) as per the seismic
zoning atlas of India and is prone to frequent
earthquake shocks and subsequent hazards.
The state also lies in the ecologically sensitive
region of the northeast India. Although
temperature is usually the first variable
consideredin assessments of climate change,
it is important to consider other data that
integrate the state of the climate system over
space and time. These include such climate
parameters like rainfall and humidity.

As per the present status, there has been a
prediction in the change occurring which has
been experienced even by the common man
either in the form of rise in temperature
or increase or decrease in rainfall. Also
frequent rainfall makes urban living highly
vulnerable to climatic impacts such as floods
and landslides. However, when analyzed
on a yearly basis the trend shows a gradual
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decline and then a sudden increase from
1990 to 1995 (Fig 1). In fact, during the
span of the 20 years study period, 1995
recorded the highest rainfall of 3185.98
mm where as 1994 had the lowest rainfall
with a measure of 2278.29 mm only. Thus,
it can be interpreted that there is change
in the rainfall trend when analyzed when
compared between the two decades, but
not on an extremely large scale which again
shows that this trend can further change the
pattern for the consecutive 10 years rainfall
data. If this usual small scale change in trend
continues, then Mizoram is not expected
to experience a sharp decrease in rainfall
unless there are other climatic elements that
unexpectedly alter the usual trend, which is
mostly above the 2000 mm mark.

There are increasing urban problems of
overcrowding and growth of slums, scarcity
of water supply, inadequate public health
and sanitation system, mismanagement
of waste materials. The existing urban
service delivery is
increasingly insufficient, even for provision
of core urban public services such as water
supply, sanitation and sewerage, urban
roads and solid waste management.

infrastructure for

Sanitation poses major problems with the
absence of any sewerage system in urban
areas resulting in drainage of domestic
effluent into nearby rivers and streams
leading to contamination of water sources.
Indiscriminate developmental activities also
add to the problem by obstructing drains
and encroaching rainwater flow paths.

Solid waste is a pressing urban issue for
Mizoram primarily because of its difficult
terrain. Inadequate collection and improper
disposal currently lead to spillage and
contamination of soil and surface as well as
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groundwater streams. Integrated Solid waste
Management facility is being implemented
in the capital city of Aizawl with the support
from Asian Development Bank (ADB).

The urban transport sector has been largely
neglected in the State, characterised by
heavy traffic congestion due to narrow
roads, rapid growth in number of vehicles
along with highly topographic and concentric
development. Often there are days when
some areas remain inaccessible due to
blockage of roads by landslides or other
damages caused by heavy rains. Public
transport is limited due to inadequate road
network, poor infrastructure and scattered
demand. Except for the National Highways
and a few leading roads, much of the road
lengthin Mizoramisunusable forload bearing
heavy vehicles. The vehicle population was
recorded during 2007-08 was 61000 which is
7.53% more than that of previous year.

Integrated sewerage and drainage system
is not available in all cities of Mizoram.
City development plans are underway for
construction of the same in the major cities
and district headquarters of Mizoram. Under
the Urban Infrastructure Development
Scheme for Small and Medium Towns
(UIDSSMT) and Integrated Housing and

AR
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Slum Development Programme (IHSDP) major
initiatives taken for six district headquarters.
The Housing and Urban Development
Corporation Limited has been appointed
as consultant to prepare Detailed Project
Report (DPR) to provide services to the poor
in Aizawl under the Integrated Housing and
Slum Development Programme (IHSDP)
programme.

There has been an increase in the average
maximum temperature during 1996-2005 by
+0.28°C over the decade of 1986-1995, which
denotes a trend in increase in temperature
during the last decade. The same increase
is also reflected in the average minimum
temperature recorded for the decade of
1996-2005 which is +0.30°C, much higher
than that recorded for the previous decade
of 1986-1995. The rate of increase is clearly
reflected when the overall monthly average
temperature recorded for both decades
shows an increase of +0.29°C. The overall
trend in temperature also shows a gradual
increase during the 1996-2005 decade. In
fact, the global temperature increase for 50
years (1951-2000) was 0.5°C (source: NASA
GISS) whereas Aizawl is warming at the rate
of 1.22°C in 20 years only. It may be noted
that the 20 years data may be too little to
base upon.
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Figure 8.2: Rainfall Variation of Aizawl City
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Figure 8.3: Temperature Variation

In addition, poor management of solid and
liquid waste, traffic congestion and vehicular
pollution, clearance of green areas due to
indiscriminate construction, and fossil-fuel

energy consumption in city infrastructure
contribute to climate change through
increase in GHG emissions and reduction
in carbon sinks in urban areas. Various
features of urban agglomerations in the
state interact with the climate and enhance
the vulnerability of the city population.

In addition, the large-scale structure
of precipitation (rainfall) and heat flux
(temperature variations) also closely
resembles the observed estimates on a
global scale (which was +0.3 and +0.6°C
during the last 150 years).In order to
combat these odds through a sustainable
strategy for climate resilience, the state has
envisaged the following key priorities in the
urban sector.
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Table 8.3: Adaptation Pathways in Cities

by population influx

Issues Impact Pathways

Warm and Humid |Increased demand for | Create awareness to retrofit building

summer and cold | cooling with green design; policy incentive for

winters usage star rated HVAC products

Heavy and aberrant|Increased storm-water | Development of storm  water

precipitation runoff management plan and investment
in sewerage; re-assessment of
master plans/land use plans of urban
agglomerations, policyincentive use of
permeable surfaces and incorporation
in the PWD codes

Enhanced waste | Health hazards, soil | Awareness for waste segregation and

generation due to|contamination through | policies for landfilling of waste

urban agglomeration | leaching, odour pollution

Transport
congestion and ageing

Congestion and higher GHG
emission

system

Phase out of old vehicles, integrated
traffic study and congestion reduction
plan

Energy Usage

Higher concentration and

Utility DSM measures in street

(e ot s

higher use lighting, solar water heating

Decline in the forest | Decrease Planting heat tolerant trees, city wide

cover inbiosequestration of programmes for tree watering and
atmospheric carbon maintenance, roadside plantation
dioxide, incur significant programme, development of parks
adverse soil erosion and
frequently degrade into
wasteland.

8.3. Key Priorities

Mizoram is situated in hilly terrain and
one of the most vulnerable state with
respect to climate change such as warmer
temperatures, unusual rainfall, landslides.
At the same time, better urban planning and
policies can reduce energy use and Green
House Gas emissions and improve the
resilience of urban infrastructure to climate
change, thus shaping future trends. Lack of
suitable livelihood and employment facilities
further add to the unsustainable exploitation
of natural resources. Moreover, the region
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being in the neighbourhood of Bangladesh,
one of the most vulnerable countries in the
world in respect of natural calamities is in
uniquesituation unlike any other state of India
and requires special attention in initiatives on
mitigation and adoption measures under the
sustainable habitat mission.

Within the identified key priorities with
high importance four actions are adaptation
activities and three actions are mitigation
activities. The high priorities identified based
onthe basis of cost effectiveness, cost-benefit,

VLN
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feasibility, ease of implementation and and carry out cost-effective actions.

overall sustainability. Within the Sustainable

Habitat six key priorities are under the urban The following action points have resulted
sector, one key priority under transport out of several rounds of discussions between
sector. The total budget proposed for the the working group members.

seven key priorities along with sub activities
is 1314.6 Crore INR.

Key Priorities: Sustainable Habitat
There are multiple opportunities for the

mitigation activities to explore the carbon .Capacity Building and research
markets with several mechanisms like Clean initiatives on Climate Change Impacts
Development Mechanism (CDM), Voluntary and Preparedness
Carbon Standards etc. The revenue .Improvemen: - - bwa’:jer_ usa%e
. e management for urban drainage to

generated from the mitigation activities can reduce climate change impacts
be used for the effective operation of the . .

ey .Development of climate friendly
activities. Involvement of State Government Waste management systems and
through “climate-conscious” urban planning improvement of aesthetics

and management can help achieve national .Reduction of disaster risk through
climate goals and minimise tradeoffs climate change adaptation
between environmental and economic .Energy efficiency improvement and

priorities at local levels. Local authorities promotion of renewable energy usage
can help achieve national climate goals in urban sector
through urban policies to reduce energy -Improvement of vehicular pollution
: .. . control mechanism for reduction of
demand and improve resilience to climate o
. GHG emissions
change National governments can help . o
¢ d institutional foundati q .Assessment and inventorisation of
create a sound institutional foundation an climate change impact on urban
knowledge base to support local decision sector
makers engage with stakeholders to identify

| T'} LMACUW Plan onEﬁmfaﬁhar:'é Mlzoram q W)i
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o Capacity Building and research
initiatives on Climate Change
Impacts and Preparedness

The state emphasises the need to enhance
capacity of the officials on climate change
issues and possible adaptive and mitigating
measures so that they can include climatic
considerations in their departmental
planning as well as day to day operational
and monitoring activities. Beginning with a
training needs assessment for all relevant
departments and agencies, training modules
especially on solid waste management, water
management and efficient distribution of
supply and delivery and urban management
would be conducted and training imparted.
Capacity building would also be extended
for awareness generation of residents on
good practices such as source segregation of
waste and energy efficiency.

The key priorities identified based on the cost
effectiveness, feasible options, sustainable
and easy to implement with respect to the
present condition of state. New or reformed
institutions are needed to enable state
governments to facilitate capacity building
and decision-making on climate change at
the local level. A comprehensive capacity
building programme on climate change is
necessary which will help to build awareness
andincreaseinknowledge base ofthe officials
responsible. This action is necessary before
implementing any climate change mitigation
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initiatives as comprehensive knowledge
base is required for better understanding
and better implementation of the initiatives.
Department of Urban Development will be
the primary responsible department for this
key priority action and its sub activities.

o Improvement in water usage
management for urban
drainage to reduce climate
change impacts

The water supply in urban areas of Mizoram
is inadequate. In order to provide for
unforeseen climatic extremes such as floods
in urban design, build provisions for storm
water flow, and prevent contamination of
water streams due to flooding, these aspects
would be incorporated into the urban design.
The local spring like sources is considered to
be converging to the drainage system while
its utility to drinking water system remains
beyond the normal scope of consideration.
In order to provide for unforeseen climatic
extremes such as floods in urban areas,
storm water flow and contamination of water
streams due to flooding, these aspects would
be incorporated into the urban design. More
frequent rainstorms will also overload the
capacity of sewer systems and wastewater
treatment plants more often. Saving of 1 MW
energy will reduce GHG emission of 6000 ton
CO, equivalent per annum. It would also lead
to energy conservation by reducing energy
consumptionatpumpingstations, wastewater
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treatment plants and other relevant facilities.
It would include installation of liquid waste
treatment facilities, provision of new
sewerage system, including the sewerage
treatment plant, collection network, outfalls
and sewer cleaning equipment, both
rehabilitation of the existing water supply
and distribution systems and construction
of new systems, constitution of water use
societies for regular monitoring of services,
leak detection and water quality monitoring.
Water conservation and enhanced efficiency
would help in adapting to water shortage
during climate induced dry spells. It would
also lead to energy conservation by reducing
energy consumption at pumping stations,
wastewater treatment plants and other
relevant facilities. Activities will include bulk
and household water metering and capacity
building exercises.

o Development of climate
friendly Waste management
systems and improvement of
aesthetics

Solid waste management subprojects
include construction and upgrading of
landfill sites, transfer station, storage and
parking facilities for the collection vehicles
and procurement of collection and disposal
equipment, as eligible under the subproject
selectioncriteriaforthe Investment Program.
The activity is proposed to establish an
integrated waste management plan for cities
including measures to improve efficiency
of existing solid waste and sewerage
management systems, and incorporate a
plan for management of construction and
demolition (C&D) waste, biomedical waste,
and domestic hazardous waste.

As high priority, The Aizawl city solid waste
management project will be initiated and

subsequently Lunglei town solid waste
management will be developed. It will
consist of construction of composting
plant, procurement of household bins and
provision of door-to-door waste collection
for the same, construction of sanitary landfill
and transfer station, purchase of collection
vehicles and equipment and construction of
parking facility for collection vehicles, survey
in context of urban development. The Urban
Development Department had drawn a
comprehensive plan for compost production
from Municipal Solid Waste and implement
the project through ADB financing sources.
MSW projects are also highly suitable to
attract CDM benefits. Measures to reduce
greenhouse gas emissions and adapt to
expected climate change impacts will put
additional pressure on city budgets and
increase the need for additional public
resources. These mitigation activities will
reduce significant amount of GHG emissions
and the revenue flow from the sale of
emission reductions will help in sustaining
the projects. Composting of 490 TPD MSW
will avoid methane emission which will be
about 3.61 lakhs ton CO, equivalent in next
5 years.

o Reduction of disaster risk
through climate change
adaptation

Climatechangeandurbandisasterriskarethe
two biggest challenges to Mizoram today, as
it faces the consequences of unprecedented
rates of population growth, urbanisation,
economic development and GHG emissions.
Most of the towns and the capital city lies
in @ mountainous high terrain region where
natural hazards strike. Therefore all the
towns will be considered for appropriate
measures to reduce its vulnerability. Due
to the lack of preparedness, emergency
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response and post-disaster  recovery
plans, natural disaster destroyed schools,
housing and cultural environment of urban
areas, which consequently have serious
impacts on efforts towards the sustainable
development.

Urban Department will formulate building
guidelines with provision for disaster
resistance construction, design and materials
and will promote traditional environment-
friendly & energy-efficient and disaster
resistant housing and buildings in urban and
rural areas for different agro-climatic zones,
flood plains and consideration of seismic
vulnerability of the state. Climate responsible
master plans for selected cities/towns will
be developed considering the disaster risk of
the zones. Understanding the function of the
land management and revenue department
to protect land from encroachment; land
revenue code, ownership titles as provided
in the present Land Law of Mizoram and
reformulation of land tenure policy to
enable sustainable urban development is
necessary.

° Energy efficiency improvement
and promotion of renewable
energy usage in urban sector

Urbanization and economic development in
Mizoram are leading to a rapid rise in energy
demand in urban areas in our country
leading to enhanced Green House Gas (GHG)
emissions. The capital city of Aizawl and
other towns are experiencing rapid growth
in the peak electricity demand. The local
governments and the electricity utilities are
finding it difficult to cope with this rapid rise
in demand and as a result most of the cities/
towns are facing electricity shortages. In the
state a policy mechanism will be formulated
for promotion of solar water heating and
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lighting system for reduction of energy usage
and mitigating GHG emissions. This can be
promoted as a Public-Private-Partnership
(PPP) basis on selected urban areas. Once
established and proven a state-wide
programme will be launched. Master plan will
be prepared for increasing renewable energy
supply and energy efficiency measures in the
selected city and towns along with awareness
generation and capacity building activities
will be conducted.

° Improvement of vehicular
pollution control mechanism
for reduction of GHG emissions

Aizaw! is linked by the National Highway
No. 54 which runs from west to east from
Sairang to Zemabawk and passes through
the city at Bawngkawn saddle the goose neck
point of Aizawl. At present Mizoram is solely
dependent on its road network to meet its
transportation needs. Most of the prime
areas are in the top ridges and saddle areas. It
leads to the increase in vehicular movement
within the state and the connecting cities
and towns.

Vehicular emission is one major source
of pollution as there is no significant
industrialization. The steady increase
in number of vehicles in the state is
contributing to the deterioration of ambient
air quality. The records by the Motor vehicle
Inspection Wing, Transport Department,
Govt of Mizoram, for the past 11 years show
continual trend of increase in vehicular
population. This steady increase of number
of vehicles year after year shows that
vehicles shall continue to be one of the main
sources of air pollution in the state especially
in the city. Shift towards public transport or
Mass Rapid Transit system, improved urban
infrastructure, building concepts of mass
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rapid transit, low emission vehicles, electric
vehicles in Aizawl city and appropriate urban
planning are essential steps to go towards
low carbon economy unless the emissions
are controlled through better efficient
vehicle or introduction of electric vehicle.
CNG vehicles are most appropriate for
Aizawl city & other small Towns. Considering
these facts, implementing this mitigation
action considered as high priority and
additional revenue from the sale of emission
reduction will help in sustaining the activity.
Mizoram Government plans to improve
the enforcement to control the vehicular
pollution which leads to air pollution and
GHGs with the help of State Pollution Control
Board (SPCB).

° Assessmentandinventorisation
of climate change impact on
urban sector

Estimation of emissions load is an essential
step in order to quantify the share of Urban
Sector in the pollutant levels in the city/
towns. The sources of emissions include
vehicles, domestic fuel burning, DG sets,
solid waste dumping, liquid waste discharge,
energy consumption etc. Accurate and
comprehensive emission inventories are
needed as a foundation for determining
the geographic distribution of pollutants,
the evolution of their chemical and physical
properties and their impact on human

health and ecosystems. Similarly, accurate
estimates of emission rates and patterns of
pollutants are necessary to support effective
air quality management strategies. Emission
inventories are typically constructed through
a data aggregation process that accounts for
emission rates, activity levels, and source
distributions. Emission rates are often
derived from laboratory measurements
(e.g. vehicle dynamometer studies), activity
levels can be obtained from traffic counts or
surveys of sources and source distributions
may come from roadway maps, aerial
photographs or estimated from population
density. However, the propagation of errors
associated with this data process can result
in large uncertainties that reduce the utility
of emission inventories and consequently
impede the air quality management
process.

For regular monitoring of the city
environment, it is essential to conduct an
environmental and emissions profiling
of the towns by collecting baseline data
on environmental parameters, including
emissions, establishing benchmarks for
periodicmonitoring,checkingenvironmental
degradation and identifying scope for
mitigation in the relevant areas. This would
require setting up of monitoring stations
across the towns and capacity building of
personnel on monitoring techniques.
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Chapter -9

Health

9.1. Introduction

Accrued empirical evidence has already
established climate- disease relationship.
Public health which is highly dependent
upon the availability of adequate quantity
and quality of food, safe drinking water,
decent home protected against disasters,
a reasonable income and good social
and community relations (WHO, 2003) is
projected to be affected by climate change
(Rahman A, 2008). Climate changes is
expected to profoundly catalyses the
propagation of infectious, communicable
as well as life threatening vector borne
diseases (as some of the vectors are highly
climate sensitive as regards to temperature
and rainfall). Impact of climate related
stress due to increased heat, air pollution,
malnutrition, increased incidence of water
borne diseases like diarrhoea, cholera,
typhoid and gastreoenteritis, and vector
borne diseases such as malaria will result
in increased  morbidity and mortality.
Mizoram has already a combination of many
of this human health related issues. Climate
changes may impart an additional pressure
on the public health system that is already
burdened to cope with the existing level of
health issues including communicable and
non communicable diseases..

14th Assessment Report IPCC
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The possible climate related health impacts
envisaged arel:

1. Progressivelyincreased health burden
because of increased proliferation
of climate sensitive diseases and
premature death (high confidence)

2. Altered distribution of some infectious
disease vector that might proliferate
due to climate change (medium
confidence)

3. Altered distribution of some allergenic
pollen species (high confidence)

4, Increased heat wave related death
(medium confidence)

5. Projected trends in climate change
related exposures of importance to
human health

a. Increased malnutrition (due to
deterioration in nutritional health
arising from crop failure, which is
caused by droughts and especially
by high night temperatures that
result in reduced cereal yields) and
consequent disorders, including
those relating to child growth and
development highly linked with
the economic conditions (high
confidence)
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b. Increase the number of people
suffering from death, diseases,

injury from heat waves, flood,
storms, fires and drought (high
confidence)

c. Increase burden of vector and
water borne diseases

d. Increased cardio respiratory
morbidity and mortality associated
with ground level ozone.

The possible health related adverse impact
is likely to damage human well-being and
prosperity substantially and especially
among the population having lower capacity
to combat the impacts and access to medical
facilities. The direct impact because of
climate change can be in form of heat strokes
which might enhance the morbidity or
mortality principally amongst the older age
group and urban poor. The indirect impact

can vary widely including enhancement of

70 ' State Actlon Plan o Climate Charlg_e Mlzoram
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transmission window for the vector borne
diseases, increased incidence of water borne
and communicable diseases, malnutrition/
deterioration of nutritional health and
consequent disorder (including those
related to child growth and development),
food security (resulting from reduced crop
yield), increase in poverty/economic decline,
population displacement and even loss
of livelihood due to outbreaks of natural
disaster. The impact would however vary
depending on number of factors like adaptive
capacity of the population, level of exposure,
sensitivity, demographic and socio economic
factors like population growth, urbanisation,
poor health condition of the populace, water
scarcity and inadequate sanitation condition,
preparedness and awareness among the
population on general health related issues.

Climate Change and Health: Pathways from
driving force to potential health impacts
(WHO, 2003)
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One of the youngest states of the union
Mizoram lying in the far flung area of the
country is extremely vulnerable to the
extremes of climate change due to its
location in the fragile ecosystem and limited
access with the rest of the country. Barring
the scenario profiling of the health condition
towards determining the possible impact
of climate change on the health status and
modellingtheimpactreduction framework, it
is also essential to have a clear understanding
of the socio economic scenario of the region
that creates a conducive environment for
occurrence and spread of diseases. The
socio economic indicators like education,

gender, poverty, housing, amenities and
employment provide a background towards
understanding of the health scenario of the
region. The socio economic scenario of 1.09
million Mizo population distributed across
719 villages and 23 towns in 8 districts is
represented in terms of socio-economic
indicator like literacy rate (Mizoram’s has
one of the highest literacy rate in the
country 2ER of 91.58%2), population density
lower population density of 52 persons per
sg. km, economic status (12.6% percent of
total population lying below poverty line3)
and employment (total employment of 0.41
lakhs4).

2 http://censusindia.gov.in/2011-prov-results/data_files/mizoram/Provisional%20Population%20Total%200f%20Mizoram.pdf
3 http://censusindia.gov.in/2011-prov-results/data_files/mizoram/Provisional%20Population%20Total%200f%20Mizoram.pdf
4 http://censusindia.gov.in/2011-prov-results/data_files/mizoram/Provisional%20Population%20Total%200f%20Mizoram.pdf
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Though National Action Plan on Climate
change does not identify human health as
separate National Mission, Govt of Mizoram
focused on health sector envisaging the
possible impact of climate change on human
health.

The action plan is strategized in order
to reduce the impact of climate change
related direct and indirect human health
relevant exposure, combat the incidence
of diseases and promotion of sustainable
development. The strategy is framed on the
basis of assessment of the scale of impact at
regional level, determining the priority and
scale of actions and strategising adaptation
measures towards reducing vulnerability
of climate change. Such strategy broadly
includes enhancement of awareness and
uptake of effective clinical and public
health intervention in high need regions for
reduction of impact.

Demographic Characteristics®

9.2. Key Facts about the Sector

The section intends to present and overview
of the health status of the state that
has formed an integral part of strategy
development. The parametersinclude overall
health scenario, diseases outburst (incidence
and prevalence of both communicable and
non communicable diseases), morbidity
and associated mortality, health risk and
available infrastructure. Although the fact
remains that trends of diseases over years
are not exclusively driven by the impact of
climate change but the issue persists that the
existing health scenario might deteriorate
under weather variability and overall human
health impact may escalate with respect
to their virulence and spread to hitherto
diseases free area.

Table 9.1: Birth Rate

Category India Mizoram
2008 2009 2008 2009
Combined birth Rate (Birth rate Per 1000 22.8 22.5 17.8 17.6
population )
Table 9.2: Death Rate
Category India Mizoram
Male | Female | Total Male | Female Total
Death Rate (death rate Per 8.0 6.8 7.4 6.3 3.9 5.1
1000 population ) in 2009
Table 9.3: Infant Mortality Rate
Category India Mizoram
Male | Female | Total Male | Female Total
Infant Mortality Rate (death 49 52 50 33 38 36
rate Per 1000 population ) in
2009

> http://cbhidghs.nic.in/writereaddata/mainlinkFile/Demographic%20indicators.pdf
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Health Status : Communicable Diseases

Table 9.4: Malaria Cases

Category India Mizoram
Cases Death Cases Death
Malaria Cases (Reference period Dec 2006) 1785129 | 1707 10650 | 120
Malaria Cases (Reference period Dec 2007) 1508927 | 1311 6563 75
Malaria Cases (Reference period Dec 2008) 1526210 | 1055 7361 91
Malaria Cases (Reference period Dec 2009) 1563574 |1144 9399 119
Malaria Cases (Reference period Dec 2010) 1373317 | 678 15626 |31
Table 9.5: Diarrhoeal Diseases
Category India Mizoram
Cases Death Cases Death
Diarrhoeal Diseases (Reference period Dec 2009) 11984490 | 1818 21841 |17
Diarrhoeal Diseases (Reference period Dec 2010) 10112845 | 1388 16142 |12

Table 9.6: Enteric Fever

Category India Mizoram
Cases Death Cases Death
Enteric Fever (Reference period Dec 2009) 1099331 436 1163 |4
Enteric Fever (Reference period Dec 2010) 1034642 | 379 1115 |0
Table 9.7: Acute Respiratory Infection
Category India Mizoram
Cases Death Cases Death
Acute Respiratory Infection (Reference period Dec | 28240346 | 3043 41078 |16
2009)
g\gu;c)e) Respiratory Infection (Reference period Dec | 24720144 | 2612 25665 |18
1

Table 9.8: Viral Hepatitis

Category

Viral Hepatitis

India

Cases
124085

Death
600

Mizoram

Cases
476

Death

9.3. Infrastructure

The health care

infrastructure of the

Health is a state subject in India where the
policies and infrastructure are planned
and developed by the state government.

W - A ¥

state comprises of network of hospitals,
Community health Centre (12 CHCs -
Community Health Centres are designed to
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provide all assured services which includes
routine and emergency care in addition to all
national Health Programme and all support
and service to fulfil national programmes),
Primary Health Centre (57 PHCs — Public
Health is the first port of call for routine,
preventive, promotive, curative and
emergency care in addition to all national
health programme) and sub-centres (370
sub-centre and 60 sub centres clinic —Sub
centres is the most peripheral and the first
contact point between the primary health
care system and community care system).
Despite of the expansion of health care
facilities in the state till the last plan period
the health care facilities and access to
quality health services need improvement in
the state especially in the rural areas where
there is no public health providers. Rural
health care services in the state lacks the

adequate infrastructure including shortage
of medical and Paramedical staff’s absence
of medicines and supplies due to limited
financial resources.

Apart from the health care facilities
rendered in the state, the department has
also provisioned to improve the general
health of school going children under School
health programme through all PHC and
CHC. The program is conducted with an
objective of promotion of positive health,
of school children, prevention of diseases,
early diagnosis and treatment along with
awakening of health consciousness and
improving hygiene and environment.

The health department in the state is
bifurcated into two directorates Vviz,
Directorate of health service and Directorate
of hospital and medical education. The
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organogram for the health and family welfare department is presented below:

Organisational Structure

A RVEI MIT

(Commilsioner & Secretary H & Fw)

Chairman

Z

iDirectar af Health Service)

VICE CHAIRMAN

1 |

ITATE MODAL OFFICER & MEMEBER
SECRETARY [Jt. Director [Malarial |

-8

State Survelllance
'l- Laboratony

DISTRICT SURVEILLANCE UNITS (DL

|

iDeputy Commissioner)

CHAIRMAAN

e K perdical Ceffieerl

VICE CHAIRMAN

1 |

District Surveillance Officer B Membor

(Dedpgrated Senior Medical Officer)

Secrotary
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‘ q PHC with Laboratory
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9.4. Key Issues

Increase in morbidity/mortality due
to increased incidence of Vector Borne
diseases

Transmission dynamics of malaria is highly
climate sensitive and is severely impacted by
theclimaticconditions. Epidemiological study
substantiated the impact of climate change
on malaria. The study revelled decrease
in the duration of sporogony in anopheles
mosquito with increase in temperature from
20 to 25°C. Since the anopheline mosquito
are cold blooded the development of
parasite in their body are effected by climatic
condition like temperature, rainfall, relative
humidity, frostand wind velocity. Atincreased
temperatures the rate of digestion of blood
meal in mosquito increases which in turn
accelerates the ovarian development, egg
laying, reduction in duration of gonotrophic
cycle and higher frequency of feeding on
hosts thereby enhancing the probability of
transmission as reduction in the duration of
gonotrophic cycle and sporogony are related
with increased rate of transmission®.

The minimum temperature required for
development of P. Vivax and P. falciparum
parasite in anopheline mosquitoes is 14.5
—16.5°Cand 16.5-18°Crespectively (Martens
et al. 1995) which increases due to decrease
in temperature till 320C where after there
is high mortality in mosquitoes (Martens,
1997).

A relation between the temperature and
duration required for the completion of
sporogony of the parasite in anopheles
mosquito is presented in the table below? :

Table 9.9
Parasite No. of Days required for
Species sporogony at different
temperature

20°C 25°C
Pfalciparum 22-23 12-14
Pvivax 16-17 9-10
P.malarie 30-35 23-24
Povale Not known 15-16

Epidemiological Profile (World Malaria Report 2010)

Geographical distribution of confirmed malaria cases (per 1000 population)

i Nodata [ ]0 [TT]0-1 (10 ENN10-50 (NN S0-100 |

The above representation indicates the susceptibility of the states to the incidence of Malaria.

6Martens et al., 1995, Macdonald 1957; Detinova 1962;Molineaux 1988
7WHO 1975
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Figure 9.4

9.5. Projection Scenario

The baseline scenario indicates that the state of Mizoram has its transmission windows open
for 7-9 months in six district will rise to 10-12 months in 4 districts.

Table 9.10

TWs of Malaria in Mizoram based on temperature (A1B Baseline and projected scenario
by 2030)

No of No. of months open for Malaria Transmission
Districts | o | 1t0 | 3 | 4to6 | 7to9 | 10to | Data Not Available
2 12
Baseline 8 0 0 0 0 6 1 1
Projection 8 0 0 0 0 3 4 1
TWs of Malaria in Mizoram based on temperature and RH (A1B Baseline and projected
scenario by 2030)
No of No. of months open for Malaria Transmission
Districts | o | 1t0 | 3 | 4to6 | 7to9 | 10to | Data Not Available
2 12
Baseline 8 0 0 0 0 6 1
Projection 8 0 0 0 0 3 4

9.6. Weather Variability®
Temperature

The temperature condition of Mizoram
can be described in terms of not so warm
summer (20-30°C) and not very cold rain
free winter (11-21°C). However Temperature
analysed using 20 years temperature data
from 1986-1995 and 1996-2005 revelled and

increase of average temperature in course of
last decade in comparison to earlier. There
has been observed increase in average
maximum temperature by 0.28°C, average
maximum temperature by 0.30°C in 1996-
2005 over 1986-1995 periods. The trends
of increase in average temperature across
the years revealed a probability of gradual
increase in temperature.

8R K. Lallianthanga & Robert Lalchhanhima Sailo, Mizoram Remote sensing Application Centre
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Humidity

A study of 20 years humidity data revealed and average increase of humidity from 73.14% during

91986-1990 to 81.42% in 2001-2005.

Table 9.11: Scenario Analysis of malarial incidence in the State

Year Population BSC/BSE ABER Total Malaria SPR SFR Death due to
Cases \EIETE]
2006 905689 218072 24.07 | 10650 4.88 [3.18 |120
2007 980366 154045 15.71 |6563 426 |2.69 |75
2008 980366 165441 16.87 |7361 4.4 3.73 |91
2009 980366 171793 17.52 |9399 5.47 429 |119
2010 1001289 322929 32.25 | 15626 468 [(4.39 |31
“No of Malaria Cases
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Figure 9.5

Table 9.12: Age wise distribution of Malaria

Age wise Female Pregnant woman
0-4 940 892 Among 15626 malarial
5-15 2036 1949 cases 23 are pregnant
15 years and above 5553 3831 woman
W - ;
AnnualParasiteincident i
15 4 1L7%
954
10 4 &85 5
5
i
2006 1007 2008 2009 2040
Figure 9.6
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Figure 9.7
From the Above figure it is well evident 9.7. Activity Undertaken
that although the number of malarial death
has decreased across the year the number 1. Distribution of Long Lasting insecticidal
of malarial incidence and annual parasite Nets in villages where malarial
incidence has enhanced across the year incidence is high (in year 2009 and
substantiating the increase in the morbidity 2010 around 70,000 and 80,000
Be.to malaria. numbers of Long Lasting insecticidal
Nets were distributed in the villages of
Projection of Malarial Transmission Mizoram)
Based onthe minimumrequired temperature 2. Indoor Residual spray
for .ensurlng. tra.nsm|55|.o.n of mal.arla. an.d 3. Increase awareness to the population
prOJe.cted climatic cc.)nc.jltlo.n a projection is regarding the curative and preventive
provided for transmission in the year 2030 measures under NVBDCP
as against the baseline (1960-1990).
4. Training, orientation, reorientation
Transmission WindOW'S Of Malaria in North- and refreshers course is Conducted
Eastern region based on temperature and from FTD/ASHA, NGO, Medical officer
RH (Baseline (1960-1990) and projected and specialists.
scenario by 2030)
Table 9.13
State No. Of District No. of months open for Malaria Transmission
7-9 10-12 Data not
Available
Mizoram 8 Baseline 6 1 1
Projection 3 4 1

L M Action Plan on Cllmate Chanie Mlzoram
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5.  Surveillance within the state boundary
to take blood smear of any fever cases
suspected for presumptive dose.

9.8. Gaps

a. Requirement of man power and
decentralisation of funds and material
for malaria control in far off and
inaccessible area.

b.  Funds for vehicle hiring and treatment
of people living under below poverty
line and inaccessible areas.

c. Infrastructure for transfer of slides from
sub-centres to PPP microscopy centre
or Government microscopy centre.

d. Lack of adequate facility for identifying
extrinsic and intrinsic drivers towards
devising

9.9 Strategic Framework

9.10.Enhanced exposure to Water Borne
Diseases

Water borne diseases are classified as water
borne (ingested) and water washed (caused
by lack of hygiene). Several factor like water
availability, household access to safe water
and impact of temperature plays vital role in
incidence of water borne diseases.

The State of Mizoram is characterised with
poor and unsafe drinking water and sanitation
facilities (9.99% of the rural household and
1% of the urban household in the state lacks
toilet- 2001 census). The unavailability of
safe drinking water and improper sanitation
facilities in far off and inaccessible area
enhances the chances of incidence of water
borne diseases.
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Table 9.14

Category

India Mizoram

Household having Safe Drinking water
Facilities (in %)

62.30%

1991 2001 1991
77.90% 16.21%

2001
36.00%

The situation of quality water availability is
further worsen during the dry season due to
increase of the pathogen loading of the water
as well as during the over precipitation(water
contamination via flooding) period due to
increase in microbial loading.

Of the Water borne diseases the incidence
of Diarrhoea and enteric fever are quite
noticeable in the state. Although the rate of
the both the diseases has decreased in 2010
in compared to 2009 the total number of
cases seems to provide additional diseases
burden.

F0000
20000 7
10000 7

No ufl:g!lﬂefrnialdisnsls

2002

16142

2010

Figure 9.9

s

2009

No of Enteric Fever cases

2010

Figure 9.10
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9.11. Enhanced exposure to Cardio
—Respiratory Problem

Assuming current emission level continue
their is high chances for deterioration of
air quality in urban region as well increased
exposure to ozone and other air pollutant
including particulate matter projecting an
increase in cardio- respiratory morbidity
and mortality. Certain weather patterns
enhances the development of urban heat
island, the intensity of which is important
for secondary chemical reaction within the
urban atmosphere leading to elevated level
of some pollutants.

The climate change may also alter the
seasonal distribution of some allergenic
pollen species leading to physiological
problem.

9.12. Thermal Extremes

High temperature may also lead to the higher
level of urban pollution and humidity or
exacerbate pre existing respiratory problems
(Gaffin and Ross 1998; Gawith, Downing and
Karacostas 1999). Other direct impact

9.13. Enhanced chances of Malnutrition
and Food Security

The lowering of yield of food crops due
to climatic variability might diminishes
dietary diversity and reduces overall food
consumption and may therefore lead to
micronutrient deficiencies posing impact
including  death, malnutrition and/or
micronutrient deficiencies specially among
the vulnerable section of the population with
lower economic stability. Food insecurity
issue may also lead to urban migration.

Table 9.15: Adaptation Pathway

N\ e YR

Climate change Impact Pathway
Issues
Surface temperature | Expected to face an increase | Development of adaptation frame
is  projected to|incidence of malaria due to | work towards reducing the incidence
increase  between | increase in temperature of malaria and enhancing the
0.8-2.10C infrastructural  facilities towards
facilitating prompt and complete
treatment of vector borne diseases
Decrease in winter | 1. Lower crop yield in winter 1. Management of Malnutrition and
Precipitation 2. Damage of crop due to addressing food security issues
Increase in intensity higher precipitgtiqn 2. Loss of employment and adverse
of summer | 3- Increased pestlnudence. effect on health
precipitation 4. Incr.ease runoff and Ifan.dsl_lde
5 X during summer precipitation
Ipcrease in  night 5. High night temperature
tmetemperature reducing cereal vyield
Climate change | 1. Damage to agriculture|1. Planning effective disaster
Extremes like flood, leading to Increased Poverty management programme
landslide and malnutrition, population | 2. Increased surveillance for
displacement evidence malnutrition including
2. Population displacement micronutrient deficiencies
adversely impacting social | 3. Addressing the specific needs
cohesion and health of the community thereby
preventing migration
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Adaptation measures are strategized in order
to offset and reduce the negative impact of
climate change and utilising the positive
impacts towards enhancement of overall
sustainable development. Adaptation in
the context of health includes interventions
that may be defined as “Actions that involve
making changes to natural or human
environment or to human behaviour that
have the beneficial impacts (or prevent
adverse impacts) on health of humans”
(Hutton 2000).

Adaptation can be defined according to
the purpose (autonomous and planned),
the timing (preventive and reactive), the
temporal scope (short and long term), the
spatial scope (localised and spread), the form
(legal, technical, advisor and behavioural),
the function (structural and non structural)
and valuation of performance (effectiveness
— feasibility) (EEA 2007).

For working out the comprehensive strategy
the socio economic driving forces are
also linked those are indirectly impacted
by the climate change but influence the
overall health scenario which forms the
fundamental and integral part of socio
economic development.

9.14. Key Priorities

Identify extrinsic and intrinsic drivers
of malaria and identifying immunity
intervention measures towards control of
incidence of malaria.

Mizoram is a hardcore malarious area with
around 7-9 months of open transmission
window. The weather condition (hot and
humid for around 9 months) in the region is
conduciveforbothmosquitoproliferationand
active malaria transmission. Mostly pockets
in forest, forest-fringe and foothill villages
located alonginter country/interstate border

are vulnerable to occasional outbreaks.
Many of the intervention like indoor residual
spray is not operationally feasible as the
human settlements are scattered in hilly
terrain and are also not accepted among the
community.

The quantum of transmission in the region
is governed by two entomological indices
i.e. vectoral capacity and Entomological
Inoculation Rates (EIR) per person/night.
These indices are directly affected by the
density of vectors in relation to number of
humansinagivenlocalsituation, dailysurvival
rate, feeding rate of vector mosquitoes and
the duration of the sporogonic cycle which
are sensitive to environmental conditions.

Although the environmental and eco-
climatic factors are assisting in enhancing
the breeding of mosquitoes but such
parameters cannot be varied. It is therefore
highly essential to identify the other extrinsic
and intrinsic factor based on the local
conditions through detailed entomological
investigation in malaria endemic pocket.

The studies can include identification of
vectors and parasite prelevence region
wise, their breeding time and places,
bionomics concerning their breeding, in
addition to other parameters like geographic
distribution, seasonal prevalence and
host feeding preference and other related
issues.

Based on the identified extrinsicand intrinsic
factor the immunity intervention measures
towards control of incidence of malaria will
be strategized including variety of options
like distribution of LILN, Insecticide treated
bed nets, antimalarial drug, introduction
of larvivorous fishes in stagnant water,
introduction of residual spray, clinical cure
and awareness creation through training
programme.
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Initiatives outlined above are planned as
a key priority under state climate change
action plan.

Assessment of impact of heat stress on
human health and framing adaptation
strategy, identification, documentation and
awareness creation on temperature related
morbidity

The rise in temperature due to climatic
change is likely to intensify the summer
conditions with heat waves poses risk of
deaths from heat strokes, diseases (skin and
eye diseases) and injury. The risk is higher
among the vulnerable group which includes
infants, elderly persons, pregnant woman,
urban poor and labourers.

In order to reduce the impact of heat stress
on human health it is essential to quantify
the heat effect on human health including
the identification of medical, social,
environmental and other factors that modify
the temperature—mortality relationship
in line with the local factors like climate,
topography, heat-island magnitude, income,
and the proportion of elderly people.
Based on the assessment the appropriate
infrastructure can be developed which
includes setting up of intensive therapy units
in existing health care facilities for prompt
treatment.

Since the climate change and its impact on
the health related issues are expected to
be widespread, strengthening awareness,
knowledge and skills at all levels across the
states is highly essential. Such initiatives
includes advocacy and sensitization of
policymakers, massive general awareness
campaign, sensitization of the health service
providers (ASHA, AYUSH, Doctors), health
workers and paramedic staff, strengthening
community resilience.

Initiatives outlined above are planned as
a key priority under state climate change
action plan.

Evidence based assessment of biophysical
determinants of malaria and development
of framework for adaptation measures for
malaria control.

To frame up the adaptation measures it is
essential to undertake multi-disciplinary,
multi- institutional and multi- locational study
to generate evidence for impact of climate
change on malaria. Such study is essential
for developing a framework for adaptation
measures for addressing the adverse impacts
of climate change on malaria. Such study
should include field survey in vector and
parasite prelevence pockets, surveillance of
entomological indices and malaria.

The adaptation measures towards control
and outbreak of vector borne diseases
includes both proactive initiatives towards
reducing the incidence of diseases and
reactive measures including preparedness
for undertaking prompt and complete
treatment.

Development
includes

of proactive framework

e  Enhanced surveillance of suspected
fever cases which is the cardinal
symptom of malaria

e Supply of LLIN to population at
higher risk of malarial incidence

e  Supply of Insecticide treated bed
nets

e  Residual spray

e Chemoprophylaxis -
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Chemoprophylaxisisrecommended
for travellers, migrant labourers
and military personnel exposed
to malaria in highly endemic
areas. Use of personal protection
measures like insecticide-treated
bed nets should be encouraged
for pregnant women and other
vulnerable populations.

e Assessment of malaria related
knowledge, practices and
behaviour of the community in
malaria endemic areas to develop
behavioural change for developing
strategy towards prevention and
control of malaria

e |Increased awareness level and
enhancingcommunity participation
in control of malaria

e Monitoring and supervision of
activities to ensure carrying out
of Malaria Control Programme in
effective and judicious manner
which is most often jeopardized
due to lack of funding and lack of
adequate professional support.

Development of reactive frame work
includes

e  Earlydiagnosis followed by Prompt,
effective and complete treatment

e Development of adequate
infrastructure towards diagnosis of
severe malaria cases negative on
microscopy

e Strengthening of present health
care set-up

e Development of adequate
infrastructure for management of

Me Action Plan on$llmate Change: Mlzoram =l 85
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complications for management of
severe malaria

Initiatives outlined above are planned as
a key priority under state climate change
action plan.

Carrying out of Adaptation study

Adaptation activity is needed to be
implemented in order to counter and reduce
the vulnerability to climate change that has
already occurred and health risk projected to
occur over coming decades. Current levels of
vulnerability are due to non performance of
traditional public-health activities, including
providing access to safe water and improved
sanitation to reduce water borne diseases,
and implementing surveillance programmes
to identify and respond to outbreaks of
malaria and other infectious diseases. Weak
public-health systems and limited access to
primary health care contribute to high levels
of vulnerability and low adaptive capacity
amongst the people.

In order to reduce the burdens of climate-
sensitive health, determinantsand outcomes
may need to be revised, reoriented and
in some regions expanded to address the
additional pressures of climate change. To
this context an assessment is required to be
carried out to determine the degree to which
the existing health programmes is need to
be augmented depending on factors such
as the current burden of climate-sensitive
health outcomes, the effectiveness of
current interventions, projections of where,
when and how the burden could change with
changes in climate and climate variability,
access to the human and financial resources
needed to implement activities, stressors
that could increase or decrease resilience
to impacts, and the social, economic and
political context within which interventions
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are implemented. Given the importance of
these types of assessments, further research
is proposed under the state climate change
action plan. The assessment will also include
the cost of adaptation.

Initiatives outlined above are planned as
a key priority under state climate change
action plan.

Research initiatives to identify change in
pattern of diseases by region due to climate
change/ weather variation

There is high probability that Climate change
might enhances the chances of newly
emerging infectious diseases, re-emergence
of diseases previously under control and
redistribution of diseases in new areas/
diseases free area. Since the overall health
condition is vital element in determining
the adaptive capacity there is a high chance
that the burden of disease and disability are
likely to be more severe than otherwise in
light of change in climatic conditions. The
degree of emergence of diseases and climate
change related vulnerability in the future,
will depend not only on the extent of socio-
economic change, but also on how evenly
the benefits and costs are distributed, and
the manner in which change occurs (McKee
and Suhrcke, 2005). Given the importance of
these types of assessments, further research
is proposed under the state climate change
action plan.

Initiatives outlined above are planned as
a key priority under state climate change
action plan.

Studyand documentationofdiseasescaused
by water (water borne) and development
of institutional mechanism to reduce the
incidence/outbreaks of such diseases along
with awareness generation

Climate-change-related alterations in
rainfall (enhancement of precipitation- flood
situation), surface water availability and
water quality (increased contamination)
could affect the burden of water related
diseases. Extreme summer and lower rainfall
is envisaged to enhance the pathogen loading
whereas extreme rainfall and runoff events
may increase the total microbial load in water
courses and drinking water reservoirs. So it is
vital that a research study being is carried out
to find out the possibility of outbreak.

Institutional development involves
strengthening the
integrated approach for management of
water borne diseases including water source
contamination and determining possibility
of outbreaks of water borne diseases
including developing of infrastructure
towards facilitating prompt treatment of the

diseases.

surveillance with an

Initiatives outlined above are planned as
a key priority under state climate change
action plan.

Development of institutional framework and
infrastructural facilities for early detection of
vector borne diseases, including managing
outbreaks

Vector-borne diseases such as malaria
enhance the morbidity and mortality leading
to social disruptions within the community.
Besides ecological parameters which
influence the disease incidence other local
factors such as socioeconomic, socio-cultural
and behaviour patterns of the community
play a major role in disease transmission.
This objective of early detection and
managing outbreaks can be accomplished
by compilation of generated dataset and its
integration within spatial infrastructure (SI)
and introducing a geographical information
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system (GIS) for analysis and management
of diseases outbreaks.

As a part of GIS infrastructure development
thematiclayersincluding PHC/CHC locations,
geomorphological parameters, land use, soil
type, water bodies, drainage network, forest
cover and settlement is to be considered to
form the basis of analysis towards describing
the primary risk factor within the PHC/CHC's.
Thematic maps of ecological parameter
when overlaid on Malarial API map can
guide towards information on malarial
epidemiology including early detection
and framing up strategy towards managing
outbreaks.

Initiatives outlined above are planned as
a key priority under state climate change
action plan.

Establishment of pathological laboratory
with state of art technology for diseases
identification

Climate change is expected to enhance
burden on the existing health care system
and specifically the diseases detection centre
in the far off, remote and inaccessible areas
or even in malaria endemic pockets where
microscopy cannot be conducted within 24
hrs of sample collection or does not have
RDT facilities or facilities of storing of RDT
under recommended conditions. Such areas
call for increase in the test centre for early
detection of malaria.

Moreover some patient may not respond
to treatment due to drug resistance or
treatment failure or happened to be the
case of severe malaria where microscopic
evidence may examined to be negative. In
such cases there is a requirement of well
equipped lab.

Judging the necessity on the basis of above
scenario well equipped labs are proposed in
the state at malaria endemic pocket and also
at remote areas that are not well connected
to the main part of the sate having well
equipped laboratory.

Initiatives outlined above are planned as
a key priority under state climate change
action plan.

Public health system infrastructure
development for extreme climate risk
management and managing outbreaks of

major diseases

Climate changes posses’ high risk of
extreme climate events like enhanced
precipitation leading to flooding, drought
and landslide. A disaster management plan
and emergency preparedness measures
needs to be facilitated in order to reduce
the impact of climate change extreme
events. The infrastructural facilities need
to be strengthened including strengthening
of the current health care facilities to
respond during natural disaster. Actions
such as community resilience, disaster
preparedness, extending psychological
aid to victims, retrofitting of vulnerable
infrastructure, strengthening surveillance
including traditional knowledge and cultural
plan is proposed under the initiatives.

Initiatives outlined above are planned as
a key priority under state climate change
action plan.

Capacity building and training for health
workers for sensitisation of climate
variation and health impacts

Since the degree, dynamics and intensity
of the vector and water borne diseases are
changing with changing of time it is highly
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essential that training should be imparted
to the existing man power on the treatment
procedures. The training is to be carried out
among the different categories of health
care service provider after understanding
the training requirement, development of
module in consultation with state health
department, undertaking training of local
trainers and imparting of training among
the community through the identified and
trained trainers.

Initiatives outlined above are planned as
a key priority under state climate change
action plan.

Researchstudyonmalnutritionofvulnerable
group due to food security caused mainly
due to climatic variation

Climate change variations are expected to
lead to consequential decline in agriculture
and increased malnutrition and food security.
Given the importance of these types of
assessments, further research is proposed
under the state climate change action plan to
assess the increased impact due to climate
change and develop nutritional status of
vulnerable population.

Monitoring and managing migration and
psychological impacts of food security on
the vulnerable rural poor is also planned as a
part of the study.

Initiatives outlined above are planned as
a key priority under state climate change
action plan.
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Chapter -10
Solar Mission & Renewable Energy Sector

10.1. Introduction

Energy is a key indicator and input to
achieve the desired economic growth.
The development growth of a country or
state or a region is measured in terms of
technological development, industrialization
and socio- economic growth. The entire fabric
of developmental goals is webbed around a
successful energy strategy. Human’s quest for
leading a better and comfortable life and with
the present era of massive growth in all the
spheres of life, it has compelled him/her to
use all available energy sources irrespective
of the involved cost and environmental
degradation.

Climate change is admittedly a serious issue
and must be a key consideration in any energy
policy, but ensuring diversity of energy supply
and providing affordable energy options are
alsoimportantissues. The action planonsolar
mission and renewable energy is presented
to enable communities to understand the
uncertainty of future climatic conditions and
engage effectively in a process of developing
adaptation and mitigation programmes. The
climate change action plan for energy sector

is strategized in line with the National Climate
Change Action Plan objective of promoting
the country’s development objectives while
yielding co-benefits for addressing climate
change effects. The solar mission and
renewable energy action plan is developed
by following the approach of adaptation
measures which will help to cope-up with
climate change effects and also the mitigation
measures to portray the pathway of reducing
the carbon emission intensity and achieving
the sustainable development.

10.2. Key Facts about the Solar and
other Renewable Energy sector

Mizoram is far behind in terms of the
economic and infrastructural growth level of
the nation since last three decades which can
easily be depicted from the per capita energy
consumptionl, a key indicator of human
development and growth?. Availability and
access to quality, reliable and affordable
power is critical parameters for promoting
economic and social development of the
developing countries. The per capita energy
consumption of the state in all demand
segments — domestic consumers, industrial

Lper capita electricity consumption of Mizoram as 185 kWh is very low compared to the national average of 566 kWh (World

Bank Data for 2008).

2According to Human Development Index (HDI), coined by UNDP.
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consumers, agriculture consumers, etc. is
one of the lowest in the country.

Though population of the state has increased
at around 22.78% during 2001 -2011 and
achieved 1,091,0143 numbers. With the
overall population increase in the state and
further increase in urban population from
that of during 2001, the demand of electricity
is also increasing day by day being electricity
is a key factor to have a high aspiration to
achieve better standard of living.

Mizoram which is a power deficit state owing
to negligible in-house power generation
capacity is facing a serious power shortage?.
The change in climate condition and
inconsistent rainfall pattern in the state is
observed in last few years. Around 64% of
total rainfall of Mizoram occurs in monsoon
period of June to September of every
year. Almost all the hydro power plants of
Mizoram have seasonal operation due to
non-availability of water in lean period.

Table 10.1: Population distribution scenario of Mizoram

Sl. No State/ District Population 2011
Rural
1 Mizoram 1091014 529037 561977
2 Mamit 85757 70948 14809
3 Kolasib 83054 36358 46696
4 Aizawl 404054 91217 312837
5 Champhai 125370 77153 48217
6 Serchhip 64875 32894 31981
7 Lunglei 154094 92611 61483
8 Lawngtlai 117444 96555 20889
9 Saiha 56366 31301 25065

3source: Provisional population Data of Census 2011

4Source: Zoram Energy Development Agency, August 2009
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Table 10.2: Demand Mix

Restricted Peak Demand?>
Restricted Off Peak Demand

100 MW
50 MW

Electricity Consumption Pattern

Domestic Consumers 68%
Commercial 13.65%
Public Lighting 4.95%
Agriculture 0.001%
Public Water Works 28.14%
LT Industrial 2.40%
Bulk Supply (HT) 12.02%
Energy Consumption Pattern
] Darmestic Conturmsny [ Correr cesl [ ] Publbc Lghting
L] Agriculure = Puiblic Wiarer Waorks = LT Industrial

®  Bulk Supply (HT) i

804%

136%%

Figure 10.1

Majority of electricity demand is of LT
consumers as high as 94% of total electricity
consumed out of which 68% is consumed by
the domestic sector only.

The powerdemand of the state ismet through
its own generation from small hydel, diesel
and thermal power stations maintained by
the Power & Electricity Department and
through import from other NE Grid. Grid
electricity penetration in remote hilly areas of
Mizoram is techno-economically un-feasible

by virtue of geographical disadvantages like
steep hills; the division of hills by deep gorges
and numerous streams and rivers. Moreover,
power sector of the state is experiencing
problems in the electric utilities like capacity
addition, power evacuation, T&D losses,
poor PLF, etc. The one of the feasible solution
to overcome this situation is to explore and
utilize the renewable energy. Promotion and
use of renewable based option will not only
reduce the strain on the existing forest but
will also promote low carbon growth.

5S.ource: Annual Report on Energy Conservation Measures in Mizoram for 2009-10 by State Designated Agency, Mizoram
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The state’s own generation is insufficient to meet the peak demand. The hydro power potential
of the state is estimated at 2425 MW, out of which only about 1.5% is presently harnessed.

Table 10.3: Power Sector in Mizoram

Energy Consumption

(in Million Units)

Energy Generation

(in Million Units)

Hydel Total
2004 - 05 125.65 5.92 6.58
2005 - 06 134.51 8.66 11.47
2006-07 151.22 11.14 14.22
2007-086 179.44 16.30 18.92
2008-097 169.86 8.2 10.8
2009-10 190.70 13.48 17.48

The state is yet to attain the target set by
the Govt. of India policy under Rajiv Gandhi
Grameen Vidyotikaran Yojana (RGGVY) of all
villages to be electrified by 2009-10 and all
households to be electrified by 2012. Out
of 732 inhabited villages, more than 20%
Mizo villages are still un-electrified and have
no access to electricity as per the definition
of Electrified Village from Government of
India®. Lower electrification in the village
level is the result of difficult terrain, unevenly
dispersed population and high incidence of
rural poverty.

The conventional primary sources of
energy in Mizoram are firewood and chips,
petroleum products and electricity. Mizoram
has been depending mainly on electricity
imported from Central sector generation/
other states through grid lines. Electricity

is the predominant energy source for rural
lighting reported by 86% of the households
and remaining households are dependent
on kerosene, gas and other sources as well
as the urban lighting energy scenario is also
almost same with 99.5% of the households
using electricity and remaining 0.5% are
using gas and other sources®.

Firewood and chips,a predominant cooking
fuel of rural Mizoram is used by around 70%
of total households whereas around 29%
of them are using LPG and remaining 1% is
consuming other sources of energy. But, the
urban scenario is significantly different with
LPG as main fuel for cooking at around 88%
of households whereas 11% of households
are using firewood and rest of them are using
kerosene, dung cake, etc.

6Ref: Economic Survey of Mizoram -2008-09

7Ref: Annual Report of Energy Consumption Measures in Mizoram for 2009-10 by State Designated Agency, Mizoram.

8Ref: NEDFI Databank

9Ref: National Sample Survey 61st Round, 2004-05 by National Sample Survey Organization, Govt. of India April 2007.
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To cater the ever increasing power demand
due to various factors like population
growth, urbanization and to kick start the
industrial development and considering
the present power crisis in the state, the
state government has begun to explore the
possibility of enhancing the power generation
by focusing on installation of more number
of hydro power plants as the state has huge
hydro potential and the power generation
will be less costly and also decided to
encourage power generation from other
non-conventional energy sources. In spite of
the fact, that generation capacity addition
is highly essential for the socio economic
growth of the state, the point also crucial for
addressing that increasing of large hydrol0
or coal based power plant will contribute
to GHG emission. Promotion and use of
renewable based option will not only reduce
the strain on the existing forest but will also
promote low carbon growth.

10.3. Concerns Due to Climate

Change

Outlook towards linking climate change
and energy sector are usually centred on
mitigation effort because the current fossil
fuel based energy generation method is
a major contributor to climate change.
Developing options of low carbon growth
and reducing carbon footprint are important
activities towards limiting the degree of
future climate change.

Energy and water sector are closely and
dynamically linked. All human devised
energy system have water footprint to one

degree or others including non-consumptive
transfer of river flow in case of hydro power
or consumptive use of water in thermal plant
and bio fuel plantation. The envisaged climate
change could impact different components
of the electricity sector as outlined below:

The projected impact of variation in
precipitation level due to climate change will
severely impact the hydropower generation
which in turn will change the energy supply
scenario at the state level where hydro-
generation has a lion’s share.

On demand side, regions that will face
warmer temperature and lower precipitation
level will result in increase of electricity
demand because of higher use of electric
gadget resulting to knock on effect on energy
consumption and will thereby enhance the
pressure on electricity distribution network
through increased seasonal demand.

Impact of extreme events due to climate
change on energy sector can damage
economic and social infrastructure because
of the fact that centralised power plants tend
to serve large catchment of population and
are also sensitive to climate change.

Biomass still dominates the state energy
profile e.g. fire wood, dung, etc. are more
vulnerable to adverse effects of water cycle
changes on river catchment affecting the
poorest segment of the society.

The envisaged climate change could impact
different components of the electricity sector
as outlined in below.

10Review of Greenhouse gas emission from creation of hydro power reservoirs in India, Background paper: Strategies for Low

carbon growth, World Bank 2008
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Table 10.4

Possible Climate Change Impacts on the Energy Sector

Climate Change Indicators

Impacts on Energy Sector

Hydrological Variability (Greater Seasonal and
year to year variability in precipitation, more
frequent and prolonged extreme events like

\@1¢ -

drought or heavy rainfall)

Variability in Hydropower generation

Variability in water availability for Thermal
Generation

Biomass availability vulnerable to water
cycle impacts affecting household energy
security

Could impact renewable generation
potential, especially solar thermal

Threat of damage to infrastructure from
extreme events

Increased Temperature

Impacts Hydropower
summer months

generation in

Increased requirements of water for
cooling in Thermal generation

Increased need of energy in household
sector for cooling

Could impact renewable generation
potential, especially solar

Assessing the vulnerability of energy supply
to climatic events and longer term climate
change needs to be formulated with tailor
made. A strategic approach is therefore
required to be framed up to ensure that
timely and effective adaptation measures are
taken, ensuring coherence across different
sectors and governance to reduce the
sectors vulnerability to the impact of climate
change.

10.4. Key Priorities to address climate
change concerns

The key elements for the multi - pronged
strategy of the sector for mitigation and
adaptation measures were identified after
detailed deliberation in the working groups.

The priorities are in line with the concerns
raised due to impact of the climate change
and the states response.

1. Up scaling Renewable Energy
Application for meeting up
decentralized distributed or Off-grid
area energy demand

The promotion and use of off-grid or
decentralized renewable energy generation
will reduce greenhouse gas emission by both
directand fugitive emission due to substantial
decline in fossil fuel or non-renewable
biomass usage. In general rural consumers
of entire India is not well conversant
with the use of electricity and electrical
devices. Hence, they should be educated in
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conservation of electrical measures, such as
the use of efficient devices and of alternate
energy resources like solar energy, biogas
plants etc.

° Maximizing use of stand-alone
solar power packs of 250 Wp for
decentralized power generation
through pilot scale implementation of
100 systems under JNNSM scheme.

Providing electrical energy will empower the
people residing at one of the most difficult
terrain or far- flung area in the country
with the option to sustain under severe
impact of climate change be it the increase
in temperature or unavailability of water.To
cater the power demand and maximize the
judicious utilization of renewable energy
resources for meeting up household and
other dedicated consumer’s requirement,
use of solar photovoltaic power packs will
be promoted. The systems can be designed
according to the power requirement variation
for the day with alternative source of back up
of solar photovoltaic to avoid power shortage
during lean time. Due to use of each unit
of electrical energy generated from power
packs around 0.8 kgCO,e emission will be
mitigated.

i Awareness creation and capacity
building for incremental usage of
solar power packs.

ii. Identification, evaluation and
approval to 100 consumers for
250 Wp SPV power pack systems.

iii. Design of solar power pack
systems according to the user
need.

iv. ldentification of technology

supporters and empanelment of
them with ZEDA

V. Installation of 100 such systems in
the approved sites.

vi.  Training to users on operation and
maintenance support.

° Promotion and facilitate installation of
stand-alone off-grid solar power plant
with capacity range below 100 kW
with targets of 0.80 MW by 2016-17
and 1.60 MW by 2021-22

Providing electricity in the off-grid areas or to
the small entrepreneurs in the state is a key
step towards achieving the socio-economic
development of any backward or remote
areas. A typical 100 kWp solar power project
willreduce GHG emission ofaround 140 tCOje
annually. Complying with the National Solar
Mission to reduce green-house gas emission,
the activity is planned through following sub
activities:i. Undertaking study for solar
power feasibility and identification of project
location where necessity of decentralized
power plant exists.

ii.  Preparation of Detailed Project
Report

iii. Land acquisition and transfer;

iv.  Creation of energy evacuation
infrastructure

V. Undertake implementation -
Reduce the conventional energy
dependency for meeting the
decentralized or captive power
demandsandalsopowerdemand
for commercial/ revenue earning
activity by installing standalone

Solar Photovoltaic Power
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plants. Facilitating installation
of standalone solar photovoltaic
power plants within 100 kWp
capacity with following targets-

e Upto2016-17is 0.80 MW

e 2017-18 to 2021-22 is 0.80 MW

° Electrification of un-electrified villages

and hamlets by non-conventional
energy sources and undertake pilot
electrification of 10 villages through
solar and other renewable energy
systems to meet the power demand of

the remote villages.

The household energy requirement in the
state is met through the use of firewood
obtained from forest resulting in increase
in the strain over the existing forest. This
not only reduces the carbon sink but also
enhances the vulnerability of the area in light
of the proposed impact of climate change
like top soil denudation in case of flood or
other impact. Providing electricity to rural
household or rural enterprises is a key step
towards reducing the vulnerability of this
particular section of the society who will be
more impacted due to changes in climatic
condition. Reduce the conventional energy
and firewood dependency for electrification
by electrifying remote un-electrified villages
through non-conventional energy sourcesto
meetthe powerdemandand provide constant
source of power to the inhabitants of villages
or dispersed area where comparatively
concentric population situated and power
demand for commercial activity or revenue
earning activity persists. The sub- activities to
be undertaken are

i. Undertaking study for electrifying
remote villages in decentralized
mode.

ii.  Develop project proposal, DPR.

iii.  Apply for Financial closure, land
acquisition and transfer,

iv.  Infrastructure Creation for

energy distribution network.

V. Undertake implementation of
total 100 kWp standalone Solar
Photovoltaic Power plants in 10
numbers of villages to meet the
power demand of the villagers.

The pilotinitiative of electrification of remote
villages will contribute in approximate 1400
tCO,e Greenhouse gas emission mitigation.

2. Unlocking grid interactive solar
power generation and supplement
the conventional grid power under

National Solar Mission

The state of Mizoram is highly dependent on
import of power from other state grids. Even
though hydro power potential of the state
is explored through already implemented
projects; still the grid interactive solar power
generation option is unexploited in the state.
The objective is to harness solar energy
sources available in the state by creating and
enabling policy interventions for diffusion of
zero polluting RE technology and deploying
solar power projects across the state in a
near future and thereby reducing the power
import. The following steps will help in
achieving the compliance:

° Undertake a demonstration project
of install 1 MW grid interactive solar
power plant at Lengpui, Aizwal by
2013

The state has initiated solar photo voltaic
power project in a pilot mode with
implementation of 37 number SPV pumps,
315 number of solar street lighting system,
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3045 number of solar home lighting system,
5812 solar lanterns, 110 number of solar
cookers, 109 kWp solar photovoltaic power
plantsl. With an objective to explore the
grid interactive solar power generation in the
state which is still untapped following actions
will be taken -

i. Survey and investigation to
identify appropriate sites

ii. Develop project proposal, DPR
and apply for financial closure

iii. Land acquisition and transfer

iv.  Infrastructure  Creation for
energy evacuation to the grid

V. Facilitating implementation
of pilot project of 1 MWp grid
interactive solar PV power plant
under JNNSM scheme at Lengpui,
Aizawl.

The renewable power generation from
the solar power plant will thus mitigate
greenhouse gas emission of around 1400
tCO,e annually.

° Facilitate in installation of 2 MW grid
connected solar plant of capacity 100
kW - 2 MW by 2022

With an objective of achieving the target set
out in National Solar Mission and increase the
state renewable power share, the state has
planned to explore and set up grid interactive
power generation from solar energy —

i Survey and investigation to
identify appropriate sites

ii. Develop project proposal, DPR
and apply for financial closure

iii. Land acquisition and transfer

iv. Infrastructure Creation for
energy evacuation to the grid

V. Facilitating installation of grid
interactive solar power plants of
capacity 100 kWp - 2 MWpwith
following target-

e 2 MW Up to 2021-22

The installation of 1 MW solar power plant
can contribute in 1400 tCO,e of greenhouse
gas emission reduction annually.

3. Reduce anticipated energy and
peak demand through promotion
and implementation of pilot SWH
application by undertaking installation
of 100 Nos. of 100 LPD systems and 100
Nos. of 200 LPD systems across various
demand segments.

Use of Solar Energy for Water Heating has
tremendous opportunity in Mizoram. A large
amount of energy is consumed for heating
water in hotels, hostels, guest houses,
nursing homes, hospitals etc. Solar hot water
plants can meet this requirement without
any fuel and with zero emission. Besides
this option, solar driers can be used for
small scale as well as medium scale drying
applications like agro processing units etc.
Solar Water Heater may be used in place
of electric geyser. There is a tremendous
opportunity to replace these geysers with
solar water heaters under National Solar

11

Source: MNRE as on 31st March 2007
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Mission. Though few demonstration projects
has been undertaken in the state whereas
majority of the solar water heating potential
is still untapped as it has not explored by the
commercial and residential segments till now.
With an objective of reducing dependency
over conventional fuel for meeting the hot
water requirement in Govt. establishments
of the state and consequential mitigation
of green-house gas emission; the activities
planned are —

i Declaration of the target action
by the State Govt. through policy
mechanism.

ii. Developing project proposal,
DPR and apply for financial
assistance.

iii. Inviting applications for pilot
demonstration projects to
promote SWH applications.

iv.  Developing SWH supply chain
involving  SWH manufacturers,
distributors, installers, etc.

V. Awareness creation and capacity
building for promotion of solar
water heater use for water
heating purpose across the state.
Raising awareness amongst
the probable users of various
demand segments.

vi. Create conducive environment
for development of SWH
technology supply chain and
promotion of manufacturing and
supply of SWH systems in the
state.

vii. Promoting SWH
by installing pilot projects
of 100 systems of 100 LPD
and 100 systems of 200 LPD
capacity across various demand
segments

application

viii. Training to users on operation
and maintenance of the system

The activity will enhance the solar water
heater market in the state and contribute
in GHG emission mitigation. The action is
chosen as priority considering itsimportance,
as it is line with the Govt. of India’s initiative
under National solar mission, enormous
GHG mitigation opportunity and feasible
option. A solar water heater of 100 litres can
prevent 1.5tCO,el2 GHG emission reductions
annually use of 1000 no. SWH of 100 litre
capacity each can contribute to a peak load
saving of 1 MW.

4. Develop RE systems supply-chain
through empanelment of renewable
energy technology manufacturers /
distributors with ZEDA and support
in development of their set-up in the
state.

To maintain the quality of the equipment,
better and ease of project implementation,
adequate support on operation and
maintenance of the equipment for specific
time period, reduce the cost of equipment,
ZEDA will empanel the RE technology
provider, implementing agencies. Apart from
this, the state govt. will provide support in
setting -up of assembling and distributing
set up through land allocation and providing

250urce: FAQ_MNRE
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other necessary clearances, tax rebate, etc.
to few early entries of the manufacturer or
distributing agencies.

5. Institutional development and
strengtheningofZEDAforpromotion
of Renewable Energy applications

The State of Mizoram is facing a formidable
challenge in reform of power sector in terms
of functional reorganization and institutional
development of the departments to achieve
efficient functioning and implementation of
renewable energy applications. The option
includes —

® Restructure and functional re-
organization including increase of
human resource strength at ZEDA
to achieve efficient functioning and
increase implementation of renewable
energy projects.

To achieve high share of renewable power
in the state grid, it is needed to have better
support system in the state nodal agency with
adequate human resource. The following
actions are planned to achieve the above
objectives —

i Recruitment and retaining of
technical or engineering officials
in ZEDA.

ii. Training of existing staffs on
recent technology development
to operationalize national solar
mission and other ongoing
programmes of Gol in the state
and to enhance the knowledge
about the policy and procedure
to implement the policy.

iii. Upgrading the office
infrastructure

° Institutional development of ZEDA to
carry out capacity building and training
of local entrepreneurs and O&M
personnel on setting up of solar, bio-
gasifier and other renewable energy
systems at household / community
level.

° Training of the working group members
and their representatives from ZEDA
and other concerned departments
and organizations on sector specific
climate change issue and enhance
the knowledge about the policy
measures.

6. Awareness creation and manpower
development for enhancement of the
renewable energy application

The govt. of India with its several
promotional programmes and schemes
for renewable energy implementation has
supported in development of renewable
energy technologies market and number of
manufacturers is now in the sector but still
the country is lagging behind to provide
technical support in terms of proper and
adequate installation, maintenance and
repair of renewable energy systems due to
insufficient or technical competency. The
state of Mizoram being located in north —east
of India where almost no renewable energy
technology manufacturer has set up is facing
serious problem in the above-mentioned
aspect. Therefore,

° Supporting state level entrepreneurs
to become RESCOs, Channel Partners
under JNNSM scheme and renewable
energy device manufacturers,
distributors, installers, etc.

The ZEDA will support the entrepreneurs

State Ai{"ﬁ%ﬂ\ﬁ ,n‘ %ﬂl‘
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to become RESCO, channel partner under
JNNSM in order to maximize solar technology
implementation in the state and also to
increase renewable energy promotion and
reduce the cost of project implementation.

o Curriculum  or technical course
development with ITls and other
technical institutions in the state for
production, engineering, installation
and maintenanceactivitiesofrenewable
energy systems—

The introduction of training course in
all ITl's will be beneficial for successful
implementation and operation of the
renewable energy projects.
i Development of course
structure

ii.  Training of the teaching staffsand
special training will be provided
by national and international
sectoral experts

° Awareness creation among the citizens
on the need and benefit of new and
renewable energy systems and also on
wider dissemination of opportunities
for diffusion of renewable energy
in infrastructure and other socio-
economic sectors through all feasible
routes, viz. awareness campaign
and workshop, print and electronic
media, State Nodal Agencies, Village
panchayats, CBOs, NGOs.

The objective of awareness creation amongst
the sectors, present and future end users
about the benefit and necessity of using
renewable energy technology is a pathway of
achieving the solar mission target. Apart from
that awareness creation among the citizens in

the state on renewable energy applications,
about the benefit of RE systems, durability,
and also diffusion of renewable energy in
infrastructure projects is a key element for
promotion. Complying with the national
mission action plan is to be done through
following sub activities:

i. Identification of Agencies for
taking up awareness generation

activity.

ii. Undertaking Training Need
Analysis Study for  the
department, preparation of
manual and carrying out pilot
workshop.

iii. Carrying out awareness

campaign on use of renewable
energy applications.

o Support schools, education institutions
inpreparingandintroducing,curriculum
on renewable energy applications and
preparation of book.

A paperorsubject will beintroducedinschool
level where basic background of renewable
energy technology and need of same will be
taught. The ZEDA will help in preparing the
study material or book on renewable energy
applications.

7. Market Transformation of
Renewable Energy applications
through policy measures -

The renewable  energy  technology
implementation in the state level is still in
very pilot scale and to promote and make
the technology marketable and viable in the
state, following actions to be undertaken —
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° Modification of existing power
policy particularly power generation
to investment friendly policy for
promotion of solar thermal and other
renewable energy application in PPP,
IPP mode and other options. Inclusion
of climate change and CDM aspects in
the State Power Policy.

. Development of fiscal instrument to
promote renewable energy systems
and preparation of operation plan for
power trading.

An incentive programme will be worked out
for renewable energy implementation for
mainly solar photovoltaic and thermal, hydro
and biomass technology options.

° Declaration of tariff policy for solar
and other renewable power purchase
and incorporation of zero transmission
/wheeling charges for transmission of
renewable power to the grid.

. Modification of building bye- law
accordingto state profile for mandating
use of solar water heater and
renewable energy systems for lighting
in the common or open space of govt.
and commercial establishments.

In line with the objective of national solar
mission the state govt. will promote and
mandate use of solar energy based water
heating and/or lighting by amendment of
building bye-laws suitable to state condition.
Apart from the JNNSM, the State could
take benefit of other Mission schemes of
Gol. For instance the Ministry of New and
Renewable Energy (MNRE), Govt. of India, is
implementing a United Nations Development
Programme (UNDP/Global Environment
Facility (GEF) assisted Project on Global

Solar Water Heating Market Transformation
and Strengthening Initiation: India Country
Programme. Capital grant and soft loan will be
available for implementation of the scheme
where minimum installed capacity of solar
water heating system should be 2500 Sqg. m.
The State Government can take advantage of
this programme wherein adequate financial
resources are available. The activities planned
for this action are-

i Amendment of building bye-law
considering state demographic
profile for mandatory use of
solar water heating systems in
all commercial buildings and in
private houses with considerable
large area.

ii. Declaration of amendment of
building bye-laws and awareness
of public through notification or
advertisements.

iii. Enforcement of incentives /
rebate on property tax for use of
solar water heaters in buildings.

iv.  Designing of simplified
compliance procedures for state
and local bodies.

v. Commencement of check testing
through independent agency
and publication of results.

vi.  Market transformationin favor of
solar water heating equipment’s
and appliances.

vii. Awareness campaign to educate
consumers and regulators — The
awareness creation amongst the
consumers and encouragement
of potential consumers’ to
implement the law can be taken
through awareness campaigns
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and workshops. Asarequirement
of the awareness campaign the
preparation of training material
in the form of User Guide and
distribution to the consumers.
The training programmes may
be conducted for the regulators
to implement the policy in the
state and achieve the objective
of National solar mission.

The enforcement of building bye — laws is
alreadyimplementedinfew states of Indiaand
is a part of National solar mission. Moreover,
the state has mandated SWH usage during

2004 therefore, the enforcement ofamended
building bye-laws according to state scenario
is a feasible, ease of implementation.

° Create demand for renewable
energy services through pilot scale
demonstration projects in state
government and public sector
establishments

i Developguidelinesforrenewable
energy applications in govt. and
public sector establishments
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Chapter-11

Energy Efficiency

11.1. Introduction

Climate change is recognized both as threat
and challenge. Climate has a significant
role in the economic development of India.
Even though energy is a basic infrastructure
for economic development of a country;
yet, around 1.5 billion people worldwide
lack electricityl. The forecast based on the
recent analysis in around 100 countries?
confirms that, the greater the equity in
power distribution, better the environmental
outcomes, including better access to water,
less land degradation and fewer deaths due
to indoor and outdoor air pollution and dirty
water. The current pattern of conversion and
utilization of energy cannot be sustained and
the options to address this issue are —

1. Energy efficiency through technological
innovation and process modification
to reduce energy intensity and also
increased generation capacity thereby
abating the requirement of fossil fuel

2.  Efficient generation of electrical energy
through Combined cycle, super-critical
technology, IGCC, etc.

3. Judicious use of energy and thereby
energy conservation

The accumulated evidence depicts that, the
power inequalities affect environmental
outcomes in a range in any country where
poor people and other disadvantaged groups
disproportionately suffer due to the effects
of environmental degradation. The energy
sector is of course, a major contributor of
GHG emissions with 1100.06 million tonnes
of CO,e emission in 2007 by Indian energy
sector. Hence, addressing climate change is
a key consideration in energy policy while
ensuring diversity of energy supply and
providing affordable energy options. The
National Action Plan for Climate Change
(NAPCC) emphasises the need of large scale
investment of resources in infrastructure,
technology and access to energy, towards
attainment of India’s development goal which
seeks eradication of poverty and improved
standard of living. The climate change action
plan for energy sector is developed in line
with the National Climate Change Action
Plan.

The energy efficiency action planis developed

1Source: Human Development Report, 2011 published by UNDP
25ource: Human Development Report, 2011 published by UNDP
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in the approach of adaptation measures
which will help to cope-up with climate
change effects and also the mitigation
measures to portray the pathway of reducing
the carbon emission intensity and achieving
the sustainable development.

11.2. Key Facts about the Energy
Sector

Despite having a rich potential in hydro,
Mizoram is not having its own power
generation worth mentioning3 and facing
a serious power shortage and financial
constraints as the majority of power
requirement is procured from other states
at an average rate of Rs. 6.33 /unit including
wheeling charges whereas the state
government sold power to the public at an
average subsidised rate of Rs. 1.75/ unit?.
Electrical Energy Requirement and Peak
Load Demand are important elements of
the grid management. The electrical energy
demand represents the productive element
which goes into the capital buildings of the
state while peak demand is the operational
parameter for utilization of electrical energy.
However, the energy requirement of various
consumers is different for different season,
time, place and process and energy peak
demand changes accordingly.

Table 11.1: Demand Mix

Restricted Peak Demand®

Restricted Off Peak Demand 50 MW

Electricity Consumption Pattern
Domestic Consumers 68%
Commercial 13.65%
Public Lighting 4.95%
Agriculture 0.001%
Public Water Works 28.14%
LT Industrial 2.40%
Bulk Supply (HT) 12.02%

Till now Mizoram is not exposed to any
large industrial activities as a result the HT
industrial electricity consumptionis observed
as nil. Majority of electricity demand is of LT
consumers as high as 94% of total electricity
consumed out of which 68% is consumed by
the domestic sector only.

The powerdemand of the stateis met through
own generation from small hydel, diesel and
thermal power stations owned by the Power
& Electricity Department and through import
from other NE Grid. The installed capacity
of 52.77 MW® of power generation in the
state is majorly Hydro based which results in
around 13.48 million units during 2009 -10
and remaining 3.3 million units from Heavy
Fuel Oil based power plant in Bairabi. Owing
to high generation cost, diesel, HFO and
thermal power plants are kept as standby for
emergency requirements. The state’s own
generation is insufficient to meet the peak
demand. The hydro power potential of the
state is estimated at 2425 MW, out of which
only about 1.5% is presently harnessed.

3per capita electricity consumption of Mizoram as 185 kWh is very low compared to the national average of 566 kWh (World

Bank Data for 2008).
4source: Zoram Energy Development Agency, August 2009

SSource: Annual Report on Energy Conservation Measures in Mizoram for 2009-10 by State Designated Agency, Mizoram

BRef: Tariff Order of 2010-11 by Joint Electricity Regulatory Commission for Manipur & Mizoram.
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Table 11.2: Power Sector in Mizoram

Hydel Thermal Diesel Total
2004-05 125.65 5.92 0.59 0.07 6.58
2005-06 134.51 8.66 2.43 0.38 11.47
2006-07 151.22 11.14 3.05 0.03 14.22
2007-087 179.44 16.30 2.59 0.03 18.92
2008-09 169.86 8.2 - 2.6 10.8
2009-108 190.70 13.48 - 4.0 17.48

Atpresentonly 8% of the total energy demand
of the State is met through own generation
and the remaining 92% is imported mainly
from Central Sector (NEEPCO, NHPC) and
TSECL. The daily peak shortage at normal
condition accounts for about 34% to 40%.
Around 20% of Mizo villages are still un-
electrified and have no access to electricity as
per the definition of Electrified Village from
Government of India®. Lower electrification
in the village level is the result of difficult
terrain, unevenly dispersed population and
high incidence of rural poverty.

The conventional primary sources of energy
in  Mizoram are fuel-wood and chips,
petroleum products and electricity. Mizoram
has been depending mainly on electricity
imported from Central sector generation/
other states through grid lines. Electricity
is the predominant energy source for rural
lighting reported by 86% of the households
and remaining households are dependent
on kerosene, gas and other sources as well
as the urban lighting energy scenario is also

almost same with 99.5% of the households
using electricity and remaining 0.5% are
using gas and other sources?0,

Consideringthe present power crisis, the state
government with a view of catering the ever
increasing power demand due to population
growth, urbanization and to kick start the
industrial development; has begun to explore
the possibility of enhancing the power
generation by focusing on exploitation and
installation of state’s hydro power potential
and also decided to encourage reduction of
energy demand through energy conservation
measures. In spite of the fact, that generation
capacity addition is highly essential for the
socio economic growth of the state, the point
also crucial for addressing that increasing of
large hydrol! or coal based power plant will
contribute to GHG emission.

An estimated 38.9%!2 of the total power
available for Mizoram is lost through
Aggregated Technical and Commercial (AT&C)
during 2008-09. The losses are extremely

7Ref: Economic Survey of Mizoram -2008-09

8Ref: Annual Report of Energy Consumption Measures in Mizoram for 2009-10 by State Designated Agency, Mizoram.

SRef: NEDFI Databank

10Ref: National Sample Survey 61st Round, 2004-05 by National Sample Survey Organization, Govt. of India April 2007.

11Review of Greenhouse gas emission from creation of hydro power reservoirs in India, Background paper: Strategies for Low
carbon growth, World Bank 2008
12Ref: Tariff Order for 2010-11 by JERC for Manipur and Mizoram
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higher when compared with all India average
and much higherthanthe average T & D losses
of other developed nations. It is estimated
that, loss may be in tune of 50% but due to
inexistence of 100% metering facility, actual
loss could not be estimated. The losses are
due to factors like inadequate T&D facility,
lack of proper distribution planning, defective
metering, unmetered supply and pilferage.

Modernisation and renovation of exiting
electricity network and addition of
transmission and distribution network in the
state to reduce the degree of losses and meet
the demand-supply gap is an immediate
action. The stability of power sector in the
state is confronted by the factors like:

a. Lower installed capacity in respect of
existing demand

b. Peak demand shortage and energy
demand shortage

c. Lack of proper transmission and
distribution infrastructure both for
evacuation of power from upcoming
power projects and also distributing

power to all the villages.

d. Lack of funds for further enhancing
of power generation capacity,
rehabilitation and  modernisation
of transmission and distribution
infrastructure

e. High AT&C losses, lack of metering

f. Unscheduled and prolonged outages

Table 11.3: T & D Loss

Year T& D Losses Percentage
in Million Losses
units?3

2004-2005 79.4 39%
2005-2006 76.47 36%
2006-2007 82.32 35%
2007-2008 92.48 34%
2009-2010 33.06%

Energy conservation can be a vital tool for
reducing the current demand but it is still at
infancy owing to lack of infrastructure. The
sectors however has considerable scope of
energy saving.

13s0urce: Economic Survey of Mizoram, 2008-09

14Source: Annual Report 2009-10 by Power & Electricity Department, Government of Mizoram
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ENERGY CONSUMPTION SUMMARY

The annual energy consumption in 2009-101° across different demand sectors is as below -

Energy Consumpution - 2009-10

Qif & #‘if s o
& &

Annual Energy Consumption (ML)

. Public |
Commerc | Bulk Public  |Bgrizultur
Oiters  |Domestic al (Indusireal Swpply | Lighting . E\::Eur .
;'-Mnuaimerglﬁﬂnsummmmu! i4 1283 | 136 24 12 49 | 0.00i 201
Figure 11.1

According to the energy study conducted by the National Productivity Council (NPC), there is

ENERGY CONSERVATION POTENTIAL

remarkable opportunity in energy saving. The study summary is as below-

Table 11.4

Sectoral Energy

Projected Sectoral Energy Emission Reduction

Consumption Saving Potential Potential (tCO2e)17
(MU) (MU)16
Agriculture Nil NA NA
Commercial sector 9.42 1.8 1620
Municipalities 39.26 8.38 7542
Domestic Sector 115.91 23.18 20862
Industries 1.68 0.12 108
Total 166.3 335 30,150

1550urce: Annual Report of 2009-10 by Power & Electricity Department, Government of Mizoram
1650urce: Annual Report of Energy Conservation Measures in Mizoram for 2009-10 by State Designated Agency, Mizoram
17Emission factor is considered as 0.90 tCOZe/ MWh from Central Electricity Authority: CO, Baseline Database, Ver. -6.0
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11.3.Concerns Due to Climate

Change

Outlook towards linking climate change
and energy sector are usually centred on
mitigation effort because the current fossil
fuel based energy generation method is
a major contributor to climate change.
Developing options of low carbon growth
and reducing carbon footprint are important
activities towards limiting the degree of
future climate change.

Energy and water sector are closely and
dynamically linked. All human devised
energy system have water footprint to one
degree or others including non-consumptive
transfer of river flow in case of hydro power
or consumptive use of water in thermal plant
and bio fuel plantation. The envisaged climate
change could impact different components
of the electricity sector as outlined below:

The projected impact of the variation in
precipitation level due to climate change will
severely impact the hydropower generation
which in turn will change the energy supply
scenario at the state level where hydro-
generation has a lion’s share. Also the
lower availability of water and enhanced
temperature level resulting from heat waves

Climate Change Indicators

will severely impact the cooling process of
thermal power project. Power station other
than hydro project that bank on availability of
water for its operation (for cooling and also
as heat transfer fluid) may have to shut down
if water level or availability gets too low.
Higher ambient temperatures may affect the
efficiency and capacity ratings of fossil-fuel-
powered combustion turbines. In addition,
electricity transmission losses may increase
due to higher ambient temperatures.

On demand side, regions that will face
warmer temperature and lower precipitation
level will result in increase of electricity
demand because of higher use of electric
gadget resulting to knock on effect on energy
consumption and will thereby enhance the
pressure on electricity distribution network
through increased seasonal demand.

Impact of extreme events due to climate
change on energy sector can damage
economic and social infrastructure because
of the fact that centralised power plants
tend to serve large catchment of population
and are also sensitive to climate change.

The envisaged climate change could impact
different components of the electricity sector
as outlined in below.

Impacts on Energy Sector

Hydrological Variability (Greater Seasonal and
year to year variability in precipitation, more
frequent and prolonged extreme events like
drought or heavy rainfall)

Variability in Hydropower generation
Variability in water availability for
Thermal Generation

Threat of damage to infrastructure from
extreme events

Increased Temperature

Impacts Hydropower
summer months
Increased requirements of water for
cooling in Thermal generation

Increased need of energy in household
sector for cooling

generation in
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Assessing the vulnerability of energy supply
to climatic events and longer term climate
change needs to be formulated with tailor
made. A strategic approach is therefore
required to be framed up to ensure that
timely and effective adaptation measures are
taken, ensuring coherence across different
sectors and governance to reduce the
sectors vulnerability to the impact of climate
change.

11.4. Key Priorities to address climate
change concerns

Several mitigation initiatives are
conceptualized under National Mission for
Enhanced Energy Efficiency (NMEEE) with
Bureau of Energy Efficiency (BEE) and Energy
Efficiency Services Limited (EESL) to address
climate change concerns and attain energy
security of the nation. NMEEE has strategized
the following initiatives, in addition to the
policiesand programmes for energy efficiency
being implemented by BEE:

¢ Perform Achieve and Trade (PAT), a
market-based mechanism to make
improvements in terms of energy
efficiency at energy-intensive
large industries and facilities. A
more cost-effective approach by
certification of energy savings that
could be traded.

¢ Market Transformation for Energy
Efficiency (MTEE) by accelerating
the shift to energy-efficient
appliances in designated sectors
through innovative measures
that make the products more
affordable.

¢ Energy Efficiency Financing
Platform (EEFP), a mechanism to
finance DSM programmes in all
sectors by capturing future energy

savings options.

¢ Framework for Energy CEfficient
Economic Development (FEEED),
or developing fiscal instruments to
promote energy efficiency.

The implementation plan of NMEEE seeks for
upscale of the efforts to create the market
for energy efficiency, which is estimated to
be about Rs. 74,000 crore. The mission would
create conducive regulatory and policy regime
to foster innovative and sustainable business
models for unlocking this market. As a result
of implementing NMEEE, it is estimated that,
by the end of five years, about 23 million
tonnes of oil equivalent (MTOE) of fuel will be
saved, capacity addition of over 19,000 MW
avoided, and emissions of carbon dioxide will
be reduced by 98.55 million tonnes annually.

The state of Mizoram has already started
initiation for addressing the climate change
issues, with a focus on reduce of energy
demand through energy conservation and
efficiency improvement measures. After
detailed deliberation in the working groups;
key action points are configured in line with
the National Mission on Enhanced Energy
Efficiency and new initiativesof Tax incentives,
Energy efficiency financing and fiscal
incentives under the mission. Since saving
of biomass through introduction of cleaner
and low carbonfuel option does not comes
under direct preview of the National Mission
of Energy Efficiency but is highly essential
from low carbon inclusive growth and black
carbon initiatives point of view and hence
included as a part of the action plan under
medium prioritisation. Efficient cooking
practice in rural areas and conservation of
forest wood- Around 70% of rural Mizoram
are using firewood and chips as cooking fuel
which leads to black carbon emission (Black
carbon has detrimental effect on climate
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due to warming of atmosphere and reducing
albedo when deposited on snow and ice),
forest degradation (lowering sequestration
potential), indoor air pollution, drudgery of
woman and children. Only 29% of the rural
population in the state are using LPG..In
above context and on recommendationof
the technical committee it is proposed to
reduce fuel wood consumption and facilitate
switching to LPG. The steps considered are —

i. Policy action for acceleratingand
enhancing penetration of clean cooking
practice in rural areas.

ii. Introduction of efficient cooking
practice through use of gas (LPG) based

cooking and replacing fire wood usage.

iii. NocostLPGcylinder connection to rural
households for cooking usage.

iv. Increase of subsidy amount for LPG
cylinders to promote LPG usage for
domestic cooking.

The high priority actions are -

1. Awareness creation and manpower
development to enhance the energy
efficiency measures

The Govt. of India (Gol) with BEE has
started several promotional programmes
and schemes for promote energy efficiency
through awareness generation, training
programmes on project implementation,
pilot demonstration projects, infrastructure
development for undertaking energy
efficiencymeasures, etc. The BEEisconducting
various training programmes, empaneling

Energy Service Companies (ESCOs), Energy
Audit firms and Energy Manager & Auditors
and supporting in terms of technology
development and creating manufacturing
base but, still the country is lagging behind to
provide technical support in terms of proper
and adequate installation, maintenance,
repair of energy efficient devices due to
insufficient or technical competency and
energy efficient devices at affordable price
due to less market penetration. The state of
Mizoram being located in north—east of India
where almost no energy efficient device
manufacturer has set up is facing serious
problem in achieving the Govt. of India’s
objective. Therefore, Govt. of Mizoram has
planned to take up following activities —

° Supporting state level entrepreneurs
to become ESCO.

The commercial sector itself is consuming
around 13.65%*® of total energy consumption
in the state. Introduction of energy intensive
technologies in commercial buildings e.g.
primarily air conditioning, more intensive
indoor and outdoor lighting drives the rapid
growthinthe commercial sector. The addition
of these energy intensive technologies in
existing buildings undoubtedly contributes
to greater productivity of the people working
in those buildings but, as studies show,
these energy intensive applications are not
integrated optimallyin buildingsand are more
often than not, operated inefficiently as well.
Energy conservation in such buildings can be
achieved through well- known interventions,
which are cost effective as well. However,
the implementation of these interventions
is not achieved till date due to institutional,

18Source: Annual Report of Energy Conservation Measures in Mizoram for 2009-10 by State Designated Agency, Mizoram
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procedural, process barriers, particularly, the
inability of building managers to assess and
guarantee the energy savings due to these
interventions. To address this institutional
barrier, following the NMEEE, the Govt. of
Mizoram has planned to institutionalizing
energy efficiency services and promoting
energy efficiency delivery mechanisms, such
as the development of a market for Energy
Service Companies (ESCOs), which address
the risks perceived by building owners.

The SDA of Mizoram will support the
entrepreneurs to become ESCO in order to
implement energy efficiency projects within
the state at affordable price. This will also
assist in awareness generation amongst the
public.

° Curriculum development for
production, engineering, installation
and maintenance activities of energy
efficient devices with ITls and other

technical institutions in the state.

The introduction of training course in all
ITI's and other technical institutions will be
beneficial for successful implementation and
operation of the energy efficiency projects.

i Development of course structure
and study material

ii. Training of the teaching staffs
to undertake these courses
on installation, operation,
maintenance and repair of energy
efficient devices. The training
programme to teachers will also
include special training by national
and international sectoral experts.

° Awareness creation among the citizens
on the need of energy efficiency
measures, use of star rated devices
in everyday life as also for wider
dissemination of opportunities for
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diffusion of energy efficiency measures
in infrastructure and other socio-
economic sectors through all feasible
routes, viz. awareness campaign
and workshop, print and electronic
media, State Nodal Agencies, Village

Panchayats, CBOs, NGOs.

The objective of awareness creation amongst
the various energy consumer sectors, present
and future end users about the benefit and
necessity of using energy efficient technology
and energy conservation requirement is a
pathway of achieving the NMEEE target.
Apart from this, awareness creation among
the citizens in the state on energy efficiency
applications - benefit of energy efficient —
star rated devices, durability, and application
of energy efficient devices in infrastructure
projects is a key element for promotion.
Complying with the NMEEE, action plan is to
be done through following sub activities:

i Identification of agencies for
undertaking Training Need
Analysis Study for the department,
preparation of manual and carrying
out pilot workshop on awareness
generation.

ii. Undertake training programmes,
awareness workshops.

iii. Advertisements in print and
electronic media.

° Support schools, educationinstitutions
in preparing and introducing,
curriculum on energy efficiency
measures and preparation of book.

A paper or subject will be introduced
in school level where overview, need of
energy efficiency technology and energy
conservation measures will be taught. The
SDA will help in preparing the study material
or book on energy efficiency applications.

N e\ Y/
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2. Market Transformation of Energy
Efficiency applications through policy
measures -

The energy efficiency projectimplementation
in the state level is still in very pilot scale.
To promote and make the technology
marketable and viable in the state, following
actions to be undertaken —

° Development of fiscal instrument to
promote energy efficient systems

An incentive programme may be worked
out for promoting energy efficiency
implementation through reducing the Govt.
tax on energy efficient devices, providing
energy efficient devices at low or no cost
and/or rebate on energy conservation in
commercial sector or small industries. Apart
from these the state govt. may support the
manufacturer/ distributor for establishing
their set up to either manufacture / assemble
or distribute energy efficient devices in terms
of providing land at low or no cost, tax rebate
for initial years, fast clearance or permission
in setting up, providing network to scale up
the business, etc.

° Enactment of ECBC according to state
profile for mandating building design
in line with ECBC and to build green
building.

The Energy Conservation Act, 2001 empowers
the Government to prescribe the ECBC
(Energy Conservation Building Code) for
efficient use of energy and its conservation
in buildings or building complexes. The ECBC
sets minimum energy performance standards
for design and construction of non-residential
buildings. The state govt. will re-draft the ECBC
considering the state socio-economic profile
and demographic condition. The revised
ECBC code will be enacted in the state for all

new and upcoming buildings. The following
sub-activities will be undertaken —

i Preparationof ECBCcodeaccording
to state profile for mandating
building design as per the code
and to build green buildings.

ii. Declaration or enactment of
new ECBC code for the state and
awareness of public through
notification or advertisements.

iii. Enforcement of incentives /rebate
for establishing green buildings.

iv. Designing of simplified compliance
procedures for the state and local
bodies.

V. Commencement of check testing
through independent agency and
publication of results.

vi. Awareness campaign to educate
builder, promoter, architects
and regulators — The awareness
creation amongst the builder,
promoter, architects and
encouragement of  potential
promoters’ to implement the law
can be taken through awareness
campaigns and workshops. As a
requirement of the awareness
campaign the preparation of
trainingmaterialinthe formofUser
Guide and distribution to builder,
promoter, architects. The training
programmes may be conducted
for the regulators to implement
the policy in the state and achieve
the objective of NMEEE.

° Create demand for energy efficiency
activities through pilot scale retrofit
projects in state government and
public sector establishments.
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Thereisaclearandurgent need for promotion
and wide spread adoption of energy
efficient practices which would contribute
in energy savings in end use like - lighting,
cooling, ventilation, etc. The state govt. has
undertaken energy saving potential study in
few govt. buildings. Realizing the potential of
energy efficiency improvement in the govt.,
public sector and commercial buildings, Govt.
of Mizoram is planning to implement pilot
scale retrofit projects through implementing
energy conservation measures.

i Develop guidelines for energy
efficiency projects in the govt. and
public sector establishments

ii. Identification of Agencies for taking
up pilot activity.

iii. Undertaking sectoral and scoping
study of the possibility of energy
efficiency across above mentioned
areas and barrier of taking up the
energy efficiency initiatives.

3. Up-gradation of transmission
and distribution network for
minimization of energy losses

The Aggregated Technical and Commercial
(AT&C) losses in Mizoram is very high in
comparison with all India level with estimated
38.9%"° of the total power available for
Mizoram. Reduction of T&D losses is prime
focus of the energy sector as reduction of
energy losses is actually reduction of energy
generation and address energy security.
Use of energy efficient technology and total
monitoring of powergeneration, transmission
and distribution system will lead to energy
conservation and thus directly contribute in

green-house gas emission reduction. 1000
unit of energy saving through these processes
will result in 0.90° tCO,e of green-house
gas emission reduction. Complying with the
energy efficiency mission, the action plan is
planned through following activities —

° Assessment of T & D infrastructure
and development of action plan for
improvement of T & D network and
setting target for AT&C loss reduction.

The sub-activities which will be undertaken
for assessing the scope of AT&C losses
reduction are-

i Undertake detailed reconnaissance
study for assessment of present
T&D infrastructure, AT&C loss

measurement, identification
of loss areas and suggest on
improvement.

ii. Prepare an investment plan for
improvement of T&D network in
the state.

iii. Development of an operational
plan for targeted reduction losses
due to pilferage and outdated
systems.

° Up-gradation of HT & LT lines
and replacement of Distribution
Transformers  with  star rated
transformers.

i Up-gradation of HT & LT lines to
reduce losses.

ii. All old distribution transformers
of capacity up to 200 kVA and

Bsource: Annual Report of Energy Conservation Measures in Mizoram for 2009-10 by State Designated Agency, Mizoram

20Source: Central Electricity Authority: CO2 Baseline Database, Ver. -6.0
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transformers of above 250 kVA
will be replaced with star rated
transformers.

o Reduction of AT & C losses by 100%
consumer metering of the consumers
with a connected load of 20 kW and
above and introduction on-line remote
monitoring.

i 100% consumer metering through
SCADA system will be introduced
for consumers with a connected
load of 20 kW and above.

ii. Introduction of metering
arrangement for on-line remote
monitoring right from grid sub-
station to the consumer- end.

. Introducing franchisee model
in distribution system to reduce
commercial losses & better
management of the distribution

system.

The objective of introducing franchisee
model is to deploy effective and efficient
management system for the sector towards
achieving higher billing and collection
efficiency. In pursuance of the Provision 7 to
Section 14 of the Indian Electricity Act -2003,
incorporation of Revenue Based Distribution
Franchisee will help in improving technical,
operational and commercial efficiencies.
The aim of this initiative is to design and
implement an institutional arrangement for
ensuring sustainability of electricity supply,
gualitative transformation of the electricity
distribution system and facilitation of superior
social and economic outcomes by appointing
franchisees in these areas.

i. Develop guidelines for franchisee
model in power distribution
system.

ii. Identification of Agencies for
taking up franchisee.

iii. Allocate the distribution systems
on franchisee mode to the
identified agencies.

4. Penetration of energy efficient
devices in domestic and public
utility systems facilitated by
financial, supply chain and market
incentives

° Introducing energy efficient lighting
in domestic sector by supply and
installation of CFLs lights and
replacement of incandescent lamps in
1.5 Lakhs domestic consumer

Majority of the power consumption in
the state is consumed by domestic sector
with 68% of total energy consumption and
most of the energy consumed is for lighting
requirement only. Under the Bachat Lamp
Yojana (BLY) scheme of Govt. of India, good
quality & long-life CFLs to be distributed to
the grid-connected residential households of
the state in exchange of anincandescentlamp
(ICL) and INR 15. Therefore, the State Govt.
has planned to implement energy efficiency
measures in 1.5 Lakhs domestic households
through replacement of incandescent lamps
with CFLs which will reduce anticipated
energy and peak demand of the state and also
the demonstration initiative will encourage
the consumers to incorporate the similar
activities in future. Each household will get 4
nos. of CFLs on replacement of Incandescent
lamps. The SDA, Mizoram will provide data
base of households in the project area, assist
in the selection of Project Sample Group
(PSG), Project Sample Buffer Group (PSBG),
and Project Cross-check Group (PCCG) as
required in the scheme. The SDA will also
provide information available with it for
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smooth implementation of BLY in the state.

i Identification of domestic
householdsfor pilot demonstration
project

ii. Strengthening of  technology
supplier and manufacturer
database at SDA level through
identification and empanelment
of technology partners in the state
for recent and future projects.

iii. Implementation of pilot energy
efficiency measures in 1.5 Lakhs
domestic households through
replacement of incandescent
lamps with 4 Nos. of CFLs.

° Deployment of energy efficient lighting
in public systems by replacing existing
250W of HPSV lamps with 90W LED
street lights in 5500 no. of electric
poles.

Around 5% of the energy consumed by the
state is for public lighting though more than
137 villages are still un-electrified. According
to the energy audit study carried out by
National Productivity Council under the BEE
program, it is estimated that around 8.4
million units can be saved in municipality
activities only which is around 7560 tCO,e
of green- house gas emission reduction.
Further, it is estimated that, around 3.21
MU of electricity is consumed annually for
public lighting purpose and thus contributing
in green- house gas emission by 2900 tCO,e
annually. The SDA, Mizoram has planned
to reduce electricity consumption in public
lighting by replacing Conventional 250 W
High Pressure Sodium Vapour (HPSV) Street
lights with90W LED based street lighting
system in 5500 Nos. of electric poles.
Therefore, annually 0.6 tCO,e of green-house

gas emission reduction in each pole will be
achieved through this measure.

i Undertaking IGEA

ii. Identification of implementing
agency

iii. Process of receiving Financial
assistance

iv. Taking up pilot implementation of
90W energy efficient LED in 5500
electric poles and replacement of
existing 250W HPSV lamps.

5. Unlocking the energy efficiency
activity in IGEA mode

The objective of the pilot initiative in demand
side management for energy efficiency is to
demonstrate the possibility and benefit of
energy efficiency through implementation
of energy efficiency measures. Such action
will enhance the capacity of the state nodal
agency to undertake similar initiative in the
future and also promote taking up such
activity amongst the sector. Compliance of
the action plan is planned through following
activities:

° Implementation of energy efficiency
measures through demonstration
projectsin7 Nos. governmentbuildings
in Mizoram under IGEA mode where
energy audit is already carried out by
the Nodal Department.

The state designated agency as a part of
National Mission on Enhanced Energy
Efficiency with support from BEE, has
conducted energy audit to identify the energy
efficiency improvement opportunities and
therebyreducingenergyconsumptionofmajor
Government and public sector buildings in
Mizoram. To reduce the energy consumption
in such buildings, implementation of pilot

State A.tl‘lplﬁﬁ %f\g‘;‘ 6@3@”
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Energy Efficiency measures will be carried
out in 7 buildings. Implementation of energy
efficiency measures will result in energy
consumption reduction and thereby green-
house gas emission reduction. Considering
the state is falling under North-East-West-
North East (NEWNE) grid, the emission
reduction of 0.9 tCO,e will be achieved by
saving 1 MWh of electricity.

The sub-activities that are planned to be
undertaken to achieve the aforesaid objective
is—

i Identification of Energy Auditors
for Investment Grade Energy
Audits in the state

ii. DPR Preparation
iii. Sourcing of Fund

iv. Project Implementation

6. Institutional development
and strengthening of Energy
departments for Energy Efficiency
promotion

The State of Mizoram is facing a formidable
challenge in reform of power sector in terms
of functional reorganization and institutional
development of the departments to achieve
efficient functioning and implementation of
energy conservation, promotion of energy
efficient systems, promotion of renewable
energy applications, improved transmission

and distribution network.  The option

includes —

o Restructure and functional re-
organization including enhancing

the human resources of the energy
departments including SDA to achieve
efficient functioning, promotion and
implement energy efficiency activity
in the state.
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The state govt. with a target of achieving the
objective of NMEEE in the state level and
reduce the energy consumption found the
necessity of having better support system
in the state nodal agency with adequate
human resource. The following sub-activities
is planned to achieve the above objective —

i. Support power sector officials
in  preparation for national
accreditation exams of BEE for
energy efficiency activity.

ii. Up gradation of the Nodal officer
of SDA to provide adequate human
resources and authority for taking
necessary actions towards energy
efficiency measures.

iii. Recruitmentandretainingof Energy
Auditor and Energy Manager to
support the Nodal Officer (for 3
years period) of SDA in achieving
energy efficiency in the state.

iv. Upgrading the office infrastructure.

o Empanelment of Energy Auditors,
Energy Services Companies (ESCO) for
taking up energy efficiency activities
in the state.

° Training oftheworking group members
and their representative from different
departments and organizations on
sector specific climate change issue
and enhance the knowledge about
the policy measures.

i. Capacity building of the state
designated agencies, existing staff
of the energy departments to
operationalize energy conservation
act in the state and to enhance
the knowledge about the policy
and procedure to implement the

policy.

VLS
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ii. Training of the members of
the working group or their
representative of different
departments and organizations
on sector specific climate change
issue. All of these have a direct
and indirect bearing on the carbon
emission of the sector.

7. Increase Hydro power generation by
supporting private or public investors
in setting up projects and undertake
demonstration project

Around 56% of the state power generation
is hydro based whereas remaining part is
through fossil fuel based, a more carbon
intensive power generation option. To
the extent the use of stand-alone or
grid interactive renewable based power
generation option will be promoted and the
extent of greenhouse gas emission both direct
and fugitive emission due to use of fossil fuel
for the purpose of power generation will
reduce substantially.

o Detailed reconnaissance study on
water availability and hydrology
data evaluation for identification of
new hydro projects and demarcation
of hydro power sites with specific
capacity mapping.

To identify the hydro power potential
following actions will be undertaken -

i Identification of agency for study

ii.  Study on water availability for energy
generation in the state for demarcation
of hydro potential map.

iii. RiskAssessmentof hydropowersources
in anticipated climate change situations
(variable rainfall, temperature, extreme
events)
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iv.

Vi.

Vii.

viii.

Risk Assessment of hydro power
infrastructure in climate change
situations including extreme events.

Projection and risk assessment of

energy demand.

Conducting detailed feasibility studyand
identify viable hydro power project

Promoting micro hydro projects

Awareness programmes and
capacity building of nodal agency on
technological and regulatory aspect

Creating conducive scenario for
investment in pilot micro hydro
projects

Promotion & facilitation of hydro
power project implementation by
providing adequate support from the
state governmentinterms of clearance,
land acquisition, power transmission
network development.

Declaration of tariff policy for hydro
power

Facilitating private and public sector
participation in hydro power generation
by selection of investors, land clearance
and acquisition, other support activities
through Single window clearance
process

Establishment of evacuation corridor
and strengthening of transmission &
distribution network for 6 no. of new
hydro power projects in next 3 years

Declaration of water policy and
mandate of siltation and pollution
control in water bodies of hydro power

projects.
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The state will prioritize the control of siltation
and pollution in water bodies of existing
and upcoming hydro projects by taking
necessary steps and mandate it through
water policy. In order to promote this activity
the state government will undertake two
demonstration projects in existing hydro
projects.

° Demonstration of hydro project in
already identified project sites -

Grid interactive micro hydro projects in the
catchment area of perennial streams is prime

focus of the state government since long as
the investment is low and easy construction.
Therefore, the state government has
planned to undertake implementation of
pilot projects through state and central
government funding which are-

i Setting up of 100 kW micro hydel project
in Tuinching river which is located in
north of Champai District.

ii. Setting up of 100 kW micro hydel
project in Tuiriza River which is located
in Aizwal district.

118 ' State Actlon Plan onC ||mate Charlge Mlzoram

2N "a\/

AT G\ Y



i e ok

Chapter-12

Water

12.1. Introduction

Water is the prime natural resource and
indispensible component for sustenance of
all forms of life in the earth. Precipitation
(including snowfall) is the source of all
water on the earth. Part of this precipitation
received in an area enhances the ground
water storage, a part is lost as evapo-
transpiration and the remaining portion
appears as surface water. Not only the
sustenance of life the availability of desired
quality and quantity of water is the prime
factor for economic prosperity, enhancing
the quality of life and contributing to the
food security of the nation. The assured
supply of irrigation water (irrigation is
the major consumer of water resources
contributing to 83% of the total water
consumption) is the primary function of
food grain production and contributes
towards national food security.

Although the total amount of fresh water
available at present is enough to meet the
current requirement of the state but the
availability of desired quality and quantity
of water may get strained in some places
under projected impact of climate changes,
increase in population, lifestyle, economic
stability, land use pattern, agricultural
production, urbanisation and migration of
population followed by uneven distribution
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of precipitation over space and time.

Climate change is likely to impart
formidable challenge to the water sector
and the adversity may increase due
to the location of the state in fragile
ecosystem. The impact of climate change
on water sector is likely to be due to erratic
precipitation creating variability in river
flow and increased frequency/ intensity of
extremes events including flood. Increased
frequency and severity of floods may affect
groundwater quality in alluvial aquifers.
Similarly increased rainfall intensity may
lead to higher runoff and possibly reduced
recharge.

The other consequence of climate change
envisaged is increased evapo-transpiration
influencing groundwater recharge and
change in rainfall pattern resulting in lower
agricultural productivity. Determining the
degree of aforesaid impact will however
require research at basin level but
considering water as a finite source and
current scenario of scarcity of water at
national level (the per capita availability
of water for the country as a whole has
decreased from 5,177 cubic metres per
year (m3/year) in 1951 to 1,654 m3/year
in 2007 to as low as about 1,140 m3/yr in
2050) it becomes essential to strategise for
water conservation, adaptation of better
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management practices with emphasise on
optimal utilisation and artificial recharging.

National Water mission established under
National Action plan on Climate Change is
designed to ensure conservation of water,
minimizing wastage and ensuring its more
equitable distribution both across and
within States through integrated water
management. Promotion of
level

resources
integrated basin water resources
management (Basin Level management
strategies are planned to be reconsidered
to deal with variability in rainfall and water
flows), increasing water use efficiency by
20%, focussing attention to vulnerable areas
including over exploited areas and water
conservation are few designed initiative
under the programme. The mission will also
seek to optimise the efficiency of existing
irrigation system including rehabilitation of
system that has been run down and also
to expand irrigation, where feasible with
special effort to increase storage capacity.
Initiatives to reduce fresh water use in
urban areas are also planned under the
mission. Since water is a state subject the
plans and programmes under the mission to
be executed falls under the preview of the
state government. It is therefore important

that the key priorities proposed under
National Water mission are consistent with
the state plan.

The key priorities are therefore strategized
considering the national plan and state
policies towards meeting up the overall
objective of the Climate Change Action
Plan.

12.2. Key Facts about the Sector

Mizoram unlike others areas of the country
has experienced the weather variability.
Although air temperature is usually felt as
the first variable in assessment of climate
change, it is important to consider other
factors like rainfall and transpiration.

Rainfall

The pattern of Rainfall has shown a gradual
decrease during 1986-1990, followed by
gradual increase from 1990-1995.When
analysed on an average monthly basis the
trend of rainfall shows a gradual increase
from January till it reaches the peak
maximum during July — August and then
continues to decrease sharply by the end of
the year.

— Nermal snd Actoal Ramfatt 2000

SO -

a0a

Rainfall in s

ang 47
200 I '
100 I

Figure 12.1: Rainfall Pattern
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Average Rainfall of Mizoram during Last 10 years
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Figure 12.2: Average Rainfall during last 10 years

Ground Water

The ground water is the dynamic resource
which is replenished each year. The Annual
Replenishable Ground Water Resource is
contributed by two major sources — rainfall
andothersourcesthatincludecanalseepage
return flow from irrigation, seepage from
water bodies and artificial recharge due to
water conservation structures. Geologically,
the state is underlain by sedimentary rocks
of Tertiary age, which have been tightly

folded in a series of anticlines and synclines.
Ground water occurs under confined and
unconfined conditions in sandstones,
sandy shales, etc. In the northern and
north western part of the State, the relief
is much subdued. Mizoram is an abode of
springs. These springs are widely utilized by
people for domestic needs. Recent study
suggests that there is good scope of tapping
ground water in the riverbeds with sumps
connected to infiltration galleries.

Table 12.1: Ground Water Potential

Annual Replenishable Ground water Resource

Net Annual Ground Water Availability
Annual Ground Water Draft

Stage of Ground Water Development

Artificial Recharge to Ground Water (AR)

0.04 BCM

0.04 BCM
0.0004 BCM
0.90%

Feasible AR structures: 500 check dams,
1000 weirs, 1000 gabion structures, 300

roof top harvesting, 200 development of
springs.
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Annual Replenishable Ground water Resource

Monsoon Season

Recharge Recharge

from from other from

rainfall source rainfall
Mizoram | 0.03 0.00 0.02

Non-monsoon

Recharge Recharge
from other

Net Annual
Ground
Water
Availability

Natural
Discharge
during
non-
monsoon
season

Total

sources

0.00

0.04 |0.004 0.04

Annual Ground Water Draft
Domestic  Total

and

Irrigation

industrial
uses

Projected
Demand for
Domestic

and

Industrial

Ground
Water
Availability
for future

Stage of
Ground Water
Development (%)

irrigation

Mizoram | 0.00 0.0004 0.0004 | 0.0008 0.04 0.90

Surface Water Koldoyne (Chhimtuipui) which originates
in Myanmar, is an important river in the

Surface water resources in the state

comprises of the 1395 km of rivers and
cannels (The most important and useful
rivers in the state are the Tlawng (also
known as Dhaleswari or Katakhal), Tut
(Gutur), Tuirial (Sonai) and Tuivawl which
flow through the northern territory and
eventually join river Barak in Cachar. The

south Mizoram. It has four tributaries and
the river is in patches.) The Western part is
drained by Karnaphuli (Khawthlangtuipui)
and its tributaries. and 0.02 lakhs hectare
of tanks lakes and ponds. The state lack
reservoir, flood plain lakes &Derelict water
and Barkish water reservoir.
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12.3. Key Issues
Change in Precipitation

Studies revealed an annual increase in the
level of precipitation (barring some small
pocket). An increase in precipitation will
result in increase in water yield. Increase
in precipitation may also lead to climate
extremes like flood leading to loss of
agricultural crops and even lives.
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Change in Evapo-transpiration

Studies revealed a projected increase in
the level of evapo-transpiration in 2030
scenario. Increment of evapo-transpiration
might lower water yield in the region.
Enhanced level of evapo-transpiration might
increases soil moisture stress or enhances
the chances of drought conditions.
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Figure 12.3: Percentage Change in Precipition
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12.4. Adaptation Pathways in Water
Sector

The impact of climate change on the
freshwater system and their management
(management  includes  conservation
and optimum utilisation) are mainly due
to the projected rise in temperature,
of precipitation and
water vield,

increased level
evapotranspiration, lower
land use pattern. Adequate availability of
water is the prerequisite for sustainable
socio economic development. There are
perceived conflicts towards availability,
usage, distribution, allocation of water
both sectorally and inter-sectorally. The
anticipated impacts of climate change will
exacerbate the challenges and further
imperil poverty reduction efforts.

12.5. Key Priorities

° Climate change impact assessment
of present status of water resources
like river, wetland, streams and lakes

Theclimatechange projectspossibleimpacts
like flood, higher evapo- transpiration,
lower water yield which may lead to severe
consequence of climate extreme event like
flood or even scarcity of fresh water. It is
therefore essential to carry out assessment
of current availability of water from ground
and surface water bodies and asses the
possible impact of climate change on the
availability of water to suffice the demand
in the projected scenario. The study is
hereby proposed to establish gauging
station in all the major rivers and tributaries

Table 12.2

Issues

Evapo transpiration like flood,

Impact
Higher Precipitation and | Climate change extremes | ImprovisingDisastermanagement
impact on | technique,
agricultural production

Pathways

capacity building of
the communities

Higher variability in | Landslide,

monsoon

affecting | Diversification of
systematic crop planning

cultivars,
improved soil-water management
practices,

areas hydropower

transport

Exacerbated flash floods | Variability in water flow | Identification and development/
and landslides in upland | regimes may also affect | promotion
production, | varieties and their
yield of major crops and

of water-resistant

Reduction water
due to heavy
downstream

quality | Water-logging,
siltation | hydrology and diseases | management;
and pest incidence

water resource
Payment  for
eco-system services or lost bio-
diversity, requisite compensation
mechanism and green cover in
buffer areas of the mines and
sustainable mine closure plan

uneven | Integrated
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for collection of hydrological data for water
resource planning and management.

° Finalisation of plan for conservation
and preservation of water resources

Considering water scarcity it is essential
that appropriate water conservation
technigue be planned to provide
adequate and equitable supply of water
to the communities. The Plan proposes
construction of check dams, counter
trenches recharge pit and sub surface dykes
for the purpose of conservation of water.

° Formulation of State Water policy

The state of Mizoram is not having water
use policy. The water use policy is required
to promote judicious and equitable
managementofwaterresourceinthecontext
of climate change. Water stress is already
high, improved management is critical to
ensure sustainable development. Water
resources management affects almost all
aspects of the economy, in particular health,
food production and security; domestic
water supply and sanitation; energy and
industry; and environmental sustainability.
If addressed inadequately, management of
water resources will jeopardize progress on
poverty reduction targets and sustainable
development in all economic, social and
environmental dimensions. Hence, such
policy initiative will address and involve the
practitioners and policymakers of water
resources management, sectoral decision-
makers as well as those who shape policy
regarding climate change

° Catchment and command area

treatment reverine

afforestation

through

Heavy precipitation may lead to flood

situation with wash away of the top soil.
It is therefore essential to undertake
special programmes for forest plantation
to increase the run off infiltration ratio in
identified regions.

As a part of the above plan a collaboration
should besoughtwiththeforestdepartment
for afforestation at source and in the
catchment area of the plant.

° Capacity building of Water Resources

department/ Mizoram PHED
for integrated water resources
management

As outlined in the National water mission,
promotion of integrated water resources
management will get an additional focus
as an effective response to climate change.
Integrated water resource management
leads to conservation of water, minimising
waste and ensuring equitable distribution
of water for various application.

Capacity building is proposed to make
operational integrated water resources
management practices across different
river basins in the state.

e Expansion of hydrometric network
and establishment of micro weather
station for regular monitoring

Presently there is no such hydrometric
station run by the state . However the
hydrometric data pertaining to water
resources becomes important as variations
in availability are caused due to climate
change.Thiswill provide a betterassessment
of water availability and extreme events and
information for effective water resource
planning. As planned weather station will
be installed at all divisions and subdivisions
of the state to obtain meteorological
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information. Under this initiative, selected
locations will be identified and hydrometric
stations installed to expand the network.
This network will process raw data received
from its own and other sources to provide
for analysis by different users.

° Community tank management for
combating water borne diseases

In water scarce areas, there is a potential for
climate change to make water availability
even more acute. There is high possibility
of pathogen loading in the water available
during the water scare scenario leading
to emergence of water borne diseases.
In order to reduce the impact of water
borne diseases it is highly essential that
fresh water source be maintained properly.
There should be proper identification of
areas for new creation as well as renovation
and protection of water bodies. Ground
water recharge options to take care of both
domestic and agriculture options in the
region.

° Promoting zero

energy water
purification for domestic water

supply

Access to safe drinking water is now
regarded as a universal right and millennium
development goal. However few of the
remote areas in the state face lack of supply
of safe drinking water. Climate change
might also bring about adverse impact on
the availability of drinking water. In light of
the above context it is proposed to set up
zero energy water purification for domestic
water supply to provide safe drinking water
to the communities.

o Renovation and development of
traditional water harvesting system
with scientific intervention in district
level

Groundwater is the major source of
freshwater that caters to the demand of
ever growing domestic, agricultural and
industrial sectors of the country. Rapid
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