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EXECUTIVE SUMMARY 
The western Himalayas, home to Mussoorie as a prominent hill station in 

Uttarakhand, are globally recognized for their breath-taking beauty and 

diverse ecosystems. Towering mountains, lush forests, alpine meadows, and 

meandering rivers define this region, with Mussoorie nestled in the Garhwal 

Himalayas, offering picturesque landscapes and a pleasant climate. 

However, the environment and ecology of this area are delicate and 

vulnerable, supporting a wide range of plant and animal species, including 

endangered and endemic ones. The region's forests play a critical role in 

maintaining ecological balance, regulating water cycles, and providing 

habitats for wildlife. The rivers and streams originating from the Himalayas 

serve as vital water sources for both human and downstream ecosystems. 

Unplanned urbanization driven by haphazard construction and 

infrastructure development poses significant risks, including building 

collapses and disasters during heavy rainfall and earthquakes. Although 

construction has been banned in Mussoorie's "freeze zone" areas since 1996, 

recent extension options require careful monitoring by the Mussoorie-

Dehradun Development Authority (MDDA). The high influx of tourists 

exacerbates issues such as unregulated construction, excessive waste 

generation, sanitation and sewage problems, water scarcity, congested roads, 

traffic congestion, and vehicular pollution. 

Ongoing investigations by the MDDA address reported cases of land 

encroachment. While no direct scientific evidence links Mussoorie's 

challenges to the Joshimath disaster, comprehensive studies on land 

subsidence in hilly terrains are essential, considering environmental and 

socio-economic factors. Conducting thorough investigations necessitates 

sufficient time, financial resources, and manpower to accurately assess 

Mussoorie's current situation. 
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Understanding the concept of carrying capacity is crucial in policymaking 

and sustainable development for fragile areas like Mussoorie. Carrying 

capacity refers to the maximum number of individuals an ecosystem or 

specific area can sustainably support without degrading natural resources 

or causing significant environmental damage. It assists in determining 

optimal population size, infrastructure development, resource allocation, and 

conservation measures required to ensure long-term environmental 

sustainability and the well-being of local communities. Establishing limits on 

the number of tourists ensures the area can support visitors without 

compromising its natural resources and ecological balance. 

The challenge may be addressed by incorporating preventive measures 

such as restoration programs, construction of toe walls and deflection terms 

to prevent erosion and stream undercutting, stabilization of slopes through 

retaining walls, and responsible quarrying practices should be implemented. 

Comprehensive landslide hazard zonation and management mapping are 

necessary to identify areas requiring structural mitigation, biotechnical 

measures, and soil conservation initiatives as part of disaster management 

efforts. 

**** 
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1. INTRODUCTION 
 

1.1. Background 
 

Hon’ble National Green Tribunal, Principal Bench, New Delhi in O.A. 

No. 51 of 2023 – news item published in the Tribune dated 16.01.2023 titled 

“Joshimath disaster a warning for Mussoorie”. In its hearing dated 31.01.2023 

made observations in the order which is being reproduced as below: 

1. “Proceedings have been initiated in the present matter suomotu in view 

of captioned media report to the effect that recently Joshimath disaster has 

taken place which has led to displacement of number of inhabitants and damage 

to properties. There is reported sinking of earth surface due to displacement of 

sub surface material. This is on account of excessive unplanned constructions 

beyond carrying capacity. This is also warning for Mussoorie where unplanned 

constructions have taken place and are still taking place. It’s carrying capacity 

was studied by the Lal Bahadur Shastri National Academy of Administration 

(LBSNAA) in 2001 which suggested that no further constructions are viable. 

Mussoorie Dehradun Development Authority (MDDA) has failed to go by the 

said study and take preventive and remedial measures. Proponents of 

development such as Uttarakhand Hotels and Restaurant Association do not 

want any control on developmental activities. The area has enormous reservoirs 

of ice and snow. On account of unplanned human settlements, natural ecology 

and recharge of aquifers are affected. Over concretization leads to landslides. 

Proposed tunnel below Mussoorie is dangerous. So is proposed ropeway from 

Dehradun to Mussoorie. Ropeway and tunnel have damaged Joshimath. Traffic 

congestion adds to the burden on the mountain’s road. Excessive building 

activities are beyond the capacity of Mussoorie”. 

Further, the above order also issued direction as reproduced below: 

11



8 
 

9. “In above background, study of carrying capacity of eco-sensitive areas in 

Himalayan regions in holistic manner appears to be imperative for protection 

of environment. Without undermining need for study in all eco sensitive areas 

as already directed, we direct specific study for Mussoorie in the light of 

apprehensions expressed in above media report. Such study may cover as to 

how much constructions can be allowed and with what safeguards, what 

safeguards be used for existing buildings and all other relevant and associated 

aspects including vehicular traffic, sanitation management, maintaining 

ecological integrity in terms of soil stability and flora/fauna. For this purpose, 

we constitute a nine-member joint Committee to be headed by Chief Secretary, 

Uttarakhand. Other members will be Wadia Institute of Himalayan Geology 

Dehradun, Govind Ballabh Pant National Institute of Himalaya and 

Environment, National Institute of Hydrology (NIH), Roorkee, Prof. J.S Rawat, 

Kumaon University, Almora, Space Application Centre, Ahmadabad National 

Institute of Rock Mechanics, Bangalore, CPCB and ACS Environment, 

Uttarakhand who will act as nodal agency for coordination and compliance. 

ACS, Environment will provide for travel and logistics for members to the 

extent necessary. Meetings may be held online or offline as may be necessary 

except for visit to the site. The Committee may suggest remedial measures to 

prevent environmental damage in the light of carrying capacity, hydro-geology 

studies, geo-morphological studies and also covering other allied and 

incidental issues. The Committee will be at liberty to take assistance from any 

other expert/institution. The Committee may meet within two weeks and 

complete its studies within two months. It may furnish its report by email at 

judicial-ngt@gov.in preferably in the form of searchable PDF/ OCR Support 

PDF and not in the form of Image PDF on or before April 30, 2023. The 

Committee will be free to interact with the stakeholders including the 

inhabitants/members of civil societies. The Committee may also consider the 
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concerns in the media report. It will be open to the Chief Secretary, 

Uttarakhand to take preventive and remedial measures found necessary in the 

light of the media report otherwise”. 

 

As per the above Hon’ble NGT order dated 31.01.2023, the committee 

has been assigned following task: 

• Specific study for Mussoorie to suggest extend of construction in the 

study area, safeguards for existing buildings, vehicular traffic, waste 

management, and maintaining ecological integrity.  

• Suggest remedial measures to prevent environmental damage in the light 

of carrying capacity, hydrogeological studies, and geomorphological studies and 

also covering other allied and incidental issues (i.e., waste management, 

sanitation, biodiversity conservation and pollution abetment). 

 

1.2. Committee proceedings 
 

In compliance of Hon’ble NGT order dated 31.01.2023, the State 

Government, Uttarakhand has constituted a committee headed by Chief 

Secretary, Uttarakhand on dated 10.02.2023. The first meeting of the committee 

held on 13.02.2023 and mandate given to the committee by Hon’ble NGT was 

discussed and deliberated in detail to ascertain the course of action in preparing 

the study report. A copy of the minutes of the meeting is being annexed 

(Annexure – 1). Subsequently, second meeting of the committee was held on 

dated 12.04.2023 as a follow-up meeting to examine work done so far in the 

matter and further discussed and deliberated towards preparing the requisite 

study report. The opinion of the expert members of the committee has been 

recorded and minutes of the said meeting is annexed (Annexure – 2). Member 

Secretary, UKPCB was assigned the task of Nodal Officer to coordinate with all 
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members of the committee, and obtain information / data / opinion from the 

committee members. G.B. Pant National Institute of Himalayan Environment 

has been assigned the task to work as Nodal Organization for compilation of 

data and preparation of study report.  

 

1.3. Carrying Capacity Study Mussoorie – 2001 
 

The Hon’ble Supreme Court of India in the matter writ petition no. 8209 

and 8821 of 1983 titled as ‘Rural litigation and entitlement Kendra & Ors. 

Versus State of Uttar Pradesh and Collector of Dehradun considered the matter 

of limestone quarrying in Mussoorie located in Doon Valley area. The Doon 

Valley area is bounded of North by Mussoorie ridge, in the North-East by lesser 

Himalayan ranges, on the South-West by Shivalik ranges, river Ganga in the 

South-East, and river Yamuna in the North-West.  Hon’ble Supreme Court after 

detailed ecological consideration, ordered for closure of limestone mining 

operation forthwith in Mussoorie. Further then Ministry of Environment and 

Forests (MoEF) had declared the Doon Valley area as Environmentally 

Sensitive Area under provision of Environment (Protection) Act 1986 and 

accordingly effected Doon Valley Notification Feb 1989. This notification-

imposed site specific and activity specific restrictions in the Doon Valley area 

including complete Ban on Red Category industries and No mining operation in 

Doon Valley area without permission of Central Government. The Supreme 

Court Monitoring Committee (SCMC) was constituted by MoEF, GoI to 

oversee the environmental concerns in Doon Valley as per Hon’ble Supreme 

Court Order and issues connected with compliance of Doon Valley Notification 

1989. SCMC carried out the monitoring of reclamation of degraded mine area 

carried out by eco-task force. The SCMC is still functional and monitoring the 

environmental issues in Doon Valley area including Mussoorie.  
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The carrying capacity of Mussoorie was first conducted by 

Ramachandran et al. (2001) and was sponsored by the SCMC, specifically to 

establish benchmarks on important parameters and pressure on infrastructure. 

The study was conducted in the light of water supply, sewage system, waste 

management, civic services, infrastructure, tourist inflow, population pressure, 

etc. Further, the carrying capacity assessed ground situation in relation to water 

and power supply, waste disposal, housing, hotel rooms, availability of hospital 

beds for tourists etc. 

The study had considered about the existing permanent population and 

their livelihood demands vis- a-vis temporary influx of population especially 

during peak tourist season. A copy of the study report is being produced along 

with this report as (Annexure– 3). This study report published by LBSNAA 

Mussoorie in 2001 was further updated with revised and updated 

data/information during 2011 by Secretary SCMC. A copy of the report is being 

annexed as (Annexure –4).  

**** 
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2. GENERAL PROFILE 
 

2.1. About the study area 
 

Mussoorie is a hill station/town near Dehradun city nestled in the lap of 

Western Himalayas in Uttarakhand. It is about 35km from the state capital of 

Dehradun and 290 km north of the national capital of New Delhi. The hill 

station is in the foothills of the Garhwal Himalayan range falls under the 

seismic zone IV (Rautela et al., 2015). The adjoining town of Landour, which 

includes a military cantonment, is considered a part of "greater Mussoorie", as 

are the townships of Barlowganj and Jharipani. Mussoorie is located at an 

average altitude of 2,005 m asl. In its northeast direction, are the Himalayan 

snow ranges, and to the south, the Doon Valley and Shiwalik ranges. Mussoorie 

popularly known as the Queen of the Hills, has a fairly typical subtropical 

highland climate for the mid-altitude Himalaya. Summers are warm and very 

wet, with July and August averaging approximately 660 mm of rain per month 

due to topographical and geological lift of the extremely moist monsoonal air. 

The pre-monsoon seasons in April and May is warm and generally dry and 

clear, giving way to heavy rainfall from mid-June, while the post-monsoon 

season is also dry and clear but substantially cooler. In winter, rainfall is a little 

more frequent than in the pre-and post-monsoon seasons, and the general 

weather is cool and partly cloudy. Mussoorie usually receives a few spells of 

snowfall in December, January and February, although the number of snowy 

days has come down in recent years due to a combination of local climatic 

factors and also process of global warming. 
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2.2. Demographic profile 
 

Mussoorie is a Nagar Palika Parishad town, with a population of 30,118 

according to the 2011 Census. Its demographic profile reveals that there are 

16,623 males and 13,495 females. The town is divided into 11 wards, and 

elections are held every 5 years. The population of children aged 0-6 is 

2,673, which accounts for 8.88% of the total population. The female sex 

ratio in Mussoorie is 812, lower than the state average of 963, while the child 

sex ratio stands at 918, higher than the state average of 890. The literacy rate 

in Mussoorie is 89.69%, significantly higher than the state average of 

78.82%. The male literacy rate is 94.41%, and the female literacy rate is 

83.80%. Looking ahead, the population of Mussoorie is projected to increase 

by 23% by 2037 and 52% by 2052, with a corresponding increase of 16% to 

33% in the permanent population. 

 

 

 

 

 

 

 

 
Chart 1: Population Status of the Mussoorie Nagar Palika Parishad (2011 
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Chart 3 : Ward-Wise Population of the Mussoorie Nagar Palika Parishad (2011 
Census) 
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Chart 4:Ward-Wise Literacy Rate of the Mussoorie Nagar Palika Parishad (2011 

Census) 

2.3. Tourist Inflation 

Mussoorie is presently the most popular destination amongst domestic 

tourists, being a key adventurous and aesthetic tourist destination of the state 

Uttarakhand. The town also attracts substantial number of foreign tourists. The 

various locations, especially Mall Road and Kempty fall have more regional 

appeal as they attract many tourists during the season from different part of the 

country. The annual domestic and foreign tourist traffic and percentage change 

from 2000 to 2021 in Mussoorie is given in the table below. The number of 

tourist influx has gradually increased between 2000 to 2019 but during last two-

year 2020 and 2021 a reverse trend was observed may be due to Covid-19 in 

this region. It was estimated that about 255% tourist have been increased 

between 2000 to 2019 after 20 years (Table 1). These in turn speak volume 

about the high tourism potential that Mussoorie natural landscape is bestowed 

with. The tourist traffic flow in Mussoorie as provided in table reveals that the 
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tourist traffic to the area has grown steadily over the years with major growth 

taking place during 2000 to 2019 period. The growth in the number of tourist 

arrivals in the town indicates its increasing popularity and also the scope of 

promoting adventure tourism (trekking & mountaineering) and leisure tourism 

in the region. In 2022, total of 1173789 tourists arrived in Mussoorie with 

maximum influx in the months of May-June and November-December (Table 

2).  

TABLE 1: TOTAL NUMBERS OF TOURISTS ARRIVED IN MUSSOORIE DURING LAST TWO DECADES 

Year Indian Foreigner Total 
2000 847191 3555 850746 

2001 888870 3068 891938 

2002 988481 2863 991344 

2003 1024752 2986 1027738 

2004 1024985 2683 1027668 

2005 1044245 3547 1047792 

2006 1050527 5309 1055836 
2007 1075898 5424 1081322 

2008 1086411 5545 1091956 
2009 1096698 5869 1102567 

2010 1098870 5926 1104796 
2011 1114305 5982 1120287 

2012 1199306 5985 1205291 
2013 1070925 5050 1075975 

2014 1391355 5347 1396702 
2015 2764773 4499 2769272 

2016 2790511 4613 2795124 

2017 2794108 1865 2795973 

2018 2870475 1550 2872025 

2019 3022774 1065 3023839 

2020 1016090 247 1016337 

2021 1229528 280 1229808 
Source: Uttarakhandtourism.gov.in 
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TABLE 2: DETAILS OF TOURIST INFLUX IN THE YEAR OF 2022 

S. no. Month National Foreigner Total 
1 January 2022 71218 11 71229 

2 February 2022 60014 23 60037 

3 March 2022 51438 45 51483 

4 April 2022 68000 128 68128 

5 May 2022 127000 160 127160 

6 June 2022 175650 108 175758 

7 July 2022 95000 102 95102 

8 August 2022 96200 79 96279 

9 September 2022 96603 94 96697 

10 October 2022 95208 17 95378 

11 November 2022 105206 166 105372 

12 December 2022 130250 916 131166 

Total 1171787 2002 1173789 

 

The hill-stations like Mussoorie, Nainital, etc. were setup and saw an 

unprecedented increase in the human footprint. Considering the past tourist 

influx in Mussoorie, the number of visitors increased from 1,58,000 in 1958 to 

3,06,000 in 1966 and 7,20,000 in 1981 (Joshi, 1990). As per study and 

observation of Sundriyal et al. (2018) the installation of modern tourist related 

facilities and infra-structure has led to the aesthetic degradation of the 

landscape. Tourist facility development is often disorderly and scattered. The 

observations indicated the aggravation of traffic congestion, atmospheric 

pollution, undisposed solid waste, water scarcity and infrastructure 

unavailability as the prevalent issues, especially during the peak tourist months. 

The impact of tourism on Mussoorie environment depicted in Figure 1. 

The reported tourist influx data indicates an increasing trend in tourism 

activities in Mussoorie. The atmospheric pollution in Mussoorie during peak 

tourist season months can, therefore, is considered a result of elevated levels of 

vehicular inflow (Sundriyal et al., 2018). The peak season also witnessed water 

scarcity. The tourist influx data (Tourist Information Centre, Dehradun) for the 
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study period exhibited elevated solid waste generation during the peak months 

when lakhs of tourists visit this hill-town and dump their waste ubiquitously 

(Sundriyal et al., 2018). During other months, the MSW generation decreased 

with a corresponding decrease in the number of tourists visiting the town 

(Sundriyal et al., 2018). 

 

FIGURE 1: NETWORK SHOWING THE IMPACT OF TOURIST ACTIVITIES ON THE ENVIRONMENT OF 

THE MUSSOORIE HILLS (SOURCE: MADAN AND RAWAT 2000) 

 

2.4. Vehicular Traffic & Parking 
 

The popularity of Mussoorie as a tourist destination has resulted in a 

significant increase in vehicular traffic within the town. This surge in vehicles 

has led to recurring traffic congestion, particularly during peak tourist seasons. 
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Over the years, the road network has expanded from 219.10 kilometres in 1990 

to 585.31 kilometres as of May 2023. 

The Mussoorie Nagar Palika Parishad has reported that there are 

approximately 1,240 parking spaces available at various locations in Mussoorie. 

The Uttarakhand Tourism Development Board manages a parking area at the 

Mussoorie-Kincraig road junction with a capacity for 200 vehicles, aiming to 

maintain optimal traffic flow, summarized in Table 3. These efforts to manage 

parking spaces are essential to address the challenges posed by increased 

vehicular movement and ensure smoother traffic flow in Mussoorie. 

 

TABLE 3: PARKING SPACE AVAILABILITY IN VARIOUS AREAS OF MUSSOORIE 

Department Location No. of vehicles 

Nagar Palika Parishad Landaur (Bucharkhana) 100 

Nagar Palika Parishad Landaur near Clock Tower 40 

Nagar Palika Parishad Along Company Garden 

Stand 

100 

Nagar Palika Parishad Bakery Hill 50 

MDDA Library Bus Stand 100 

MDDA Town Hall 100 

Tourism Deptt Kigncrag 200 

Private Parking Kempty Bus Stand 300 

Private Parking Picture palace 150 

Private Parking Vikas Hotel 100 

 Total 1240 
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2.5. Built Environment 
 

Mussoorie has witnessed significant urbanization and population growth, 

reflecting the broader trend in Uttarakhand. The urban population of Mussoorie 

has increased from 3,106 in 1881 to 18,241 in 1981, and further rose to 30,118 

in 2011. The population density has also surged from 98 per square kilometre in 

1901 to 511 per square kilometre in 2011. During the peak tourist season, 

particularly in the summer months of May, June, and July, the population 

density can reach as high as 1,000 per square kilometre. The demographic 

composition of Mussoorie is diverse, with the town currently governed by a 

municipal board consisting of 11 wards. The built environment of Mussoorie 

varies, with some wards having densely packed buildings with up to four floors, 

while wards 8, 9, and 10 feature high-rise apartments with eight stories. This 

indicates the dynamic and evolving nature of Mussoorie's urban landscape. 

2.5.1. Hotels and Resorts 

Mussoorie a famous hill station has a total of 303 hotels (6759 rooms, 

15128 beds), 201 homestay (984 rooms, 2018 beds) and 06 Dharamshala / 

Gurudwara (144 rooms, 324 beds) with a total of 7887 rooms and 17470 

bedding capacity (summarized in Table 4). The State government is promoting 

the homestay arrangement with different schemes and subsidiary with mandates 

for boosting the rural economy, sustaining the ecology by minimizing 

migration, and conserving local culture and tradition with eco-friendly 

approaches. 

To promote tourism, hills slopes have been cut down for erecting new 

commercial establishments such as hotels & restaurants. A total of 18 new 

construction and 419 reconstruction and renovation activities have been done 

with the approval of central government, with accelerated construction after 

2015 (Table 20).  
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TABLE 4: DETAILS OF ACCOMMODATION FACILITY AVAILABLE IN MUSSOORIE 

Category Total number Number of rooms Number of 
beds 

Hotels 303 6759 15128 

Homestay 201 984 2018 

Dharamshala / 
Gurudwara 

06 144 324 

Total 510 7887 17470 

 

There are 18 health care facility / hospitals in the region (12 private) and 

(06 Government) having a total of 63 bedding capacity. 

2.5.2. Schools and Colleges 
A total of 35 schools and colleges are existing in Mussoorie area and total 

of 7476 students are studying, the details are provided in the Table 5below.  

TABLE 5: DETAILS OF SCHOOL AND COLLEGES IN MUSSOORIE 

S.No. Name of School / College  Type (boarding / 

day scholar)  

Number of 

students 

1.  Snatan dharma Sanskrit Vidyalaya Boarding / Day  35 

2.  Divya Bharti school Day School 42 

3.  Hebron elementary Day School 210 

4.  Hill Bird school Day School 215 

5.  The Mussoorie Girls and Boys  Day School 326 

6.  Manav Bharti school Day School 203 

7.  St. Clares school Day School 505 

8.  C.J.M. Waverley Boarding/Day  603 

9.  Kendriya Vidyalaya Day School 736 

10.  M.P. S Boarding/Day  258 

11.  PS. Makreti Day School 9 
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12.  PS. Jharipani Day School 67 

13.  PS. Barloganj Day School 22 

14.  PS.  Woodstock Day School 27 

15.  PS. Landhour Cantt Day School 16 

16.  PS. Landhour no.1 Day School 13 

17.  PS. Kulri Day School 64 

18.  PS.  Kitabghar Day School 25 

19.  PS.  Charliville Day School 37 

20.  PS. Dudhli Day School 0 

21.  PS. Nalapani Day School 21 

22.  PS. Hussainganj Day School 12 

23.  UPS. Barlowganj Day School 16 

24.  UPS. Kulri boys Day School 17 

25.  UPS. Kulri Girls Day School 14 

26.  UPS. Kitabghar Day School 22 

27.  UPS. Dudhli Day School 0 

28.  MUSSOORIE GIRLS Day School 180 

29.  SNATAN DHARM I.C Day School 163 

30.  RAMA DEVI Day School 60 

31.  Mussoorie international school Boarding/Day  353 

32.  Mahatma Yogeshwar Vidya 

Mandir 

Day School 795 

33.  Wyen berg Allen Day School 925 

34.  Tibetan homes foundation Boarding/Day  817 

35.  ST. GEORGE COLLEGE Boarding/Day 
Scholar 

668 
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3. GEOLOGICAL PROFILE 
 

Mussoorie town area is situated on a complex geographic environment in the 

proximity of the Main Boundary Thrust composed of highly fractured, shattered 

and sheared structurally weak rocks, i.e., mainly limestone and dolomite 

limestone, Geomorphologically, the Mussoorie Hill terrain is made of i) tectonic 

landforms such as steep scraps, strike valleys, incised terraces, waterfalls, old 

landslides (e.g. discernible along Bansigad-Hathipaon Road) and active 

landslides (e.g. discernible along the Highways), rock falls (e.g. discernible in 

Radha Bhawan Estate and Butcher Khana area) and debris flow; ii) fluvial 

landforms such as V-shaped valleys, tiny alluvial terraces, fans and cones; and 

iii) pluvial landforms such as hollows, convex slopes (aquifers surface recharge 

zones), concave slopes (aquifer discharge zones) and colluvial cones/fans, 

Limestone is soluble with water, therefore, geomorphic processes like the 

chemical weathering and chemical erosion both are very active in the Mussoorie 

Hills area which accelerates the geomorphic processes of mass wasting, i.e. 

creeping (e.g. discernible near Dhobighat road on the uphill side of Henson 

Field near Woodstock school and in the Company Garden area).  

3.1. Physiographic profile 
 

The study location is in the Lesser Himalaya and is situated geologically to 

the north of the Main Boundary Thrust (MBT). The Chandpur Formation, 

Nagthat Formation, Blaini Formation, Krol Formation, Infra-krol Formation, 

and Tal Formation are made up of its rocks. The Blaini Formation, which 

consists of conglomerate, siltstone, greywacke, slate, and sandstone, is overlain 

by the Nagthat Formation's quartzite and slate. The Blaini Formation itself is 

overlain by the Chandpur Formation, which primarily consists of highly sheared 

phyllite, slates, siltstone, and greywacke. However, the rocks from the Krol and 
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Tal formations make up the majority of the study area. Limestone, dolomitic 

limestone, and dolomite are the principal rock types found in the Krol 

Formation. The foliation of krol limestone is inherent. Upper Tal and Lower Tal 

are further divided into the Tal Formation. Chert Component, Argillaceous 

Member, Arenaceous Member, and Calcareous Member are the four unique 

members that make up the Lower Tal, whereas quartzite Member is the member 

that makes up the Upper Tal. The hill slopes in the majority of the research area 

are covered with thick Quaternary deposits that represent ancient landslides. 

According to the channel cuts, the thickness of these deposits varies greatly.  

The study conducted by Bharti et al., (2020) used Worldclim datasets 

(http://www.worldclim.org/) to understand the current trends and future 

projections of the climatic variables (annual mean temperature, maximum 

temperature of the warmest month, annual precipitation, precipitation during the 

wettest quarter, and precipitation in the driest quarter) for Mussoorie; by 

considering the period 1960–2000 as a current climatic conditions and the 

future conditions were downscaled global climate model data from CMIP5.As 

temperatures rise, people and animals need more water to maintain their health 

and thrive. Increased water demand can be expected due to the rise in 

temperature. Table 6 also show different variables of precipitation to understand 

the effects of climate change. Annual precipitation is expected to increase from 

2,003–2,728 mm to 2,063–2,859 mm in Mussoorie. The variability in 

precipitation holds great importance for seasonal water consumption. 

TABLE 6: PROJECTED CLIMATIC VARIABILITY (SOURCE: BHARTI ET AL., 2020) 

Variable Current Trends RCP 4.5 (2050) 

Annual mean Temperature (0C) 

 

13.1 – 20.7 15.3 – 22.8 

Maximum Temperature of the 23.6 – 34.6 25.9 - 36.9 
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warmest month (0C) 

 

Annual Precipitation 

 

2003 – 2728 2063 – 2859 

Precipitation in wettest quarter 

(mm) 

1412 – 2184 1490 – 2316 

Precipitation in driest quarter 

(mm) 

111 - 123 97 - 110 

 

3.2. Geo-hydrology 
 

Mussoorie is located in the Lesser Himalayas and geologically to the 

north of the Main Boundary Thrust (MBT). The Chandpur Formation, Nagthat 

Formation, Blaini Formation, Krol Formation, Infra-Krol Formation, and Tal 

Formation are made up of its rocks. The Blaini Formation, which consists of 

conglomerate, siltstone, greywacke, slate, and sandstone, is overlain by the 

Nagthat Formation's quartzite and slate. The Blaini Formation itself is overlain 

by the Chandpur Formation, which primarily consists of highly sheared phyllite, 

slates, siltstone, and greywacke. However, the rocks from the Krol and Tal 

formations comprise most of the study area. Limestone, dolomitic limestone, 

and dolomite are the principal rock types in the Krol Formation. The foliation of 

krol limestone is inherent. Upper Tal and Lower Tal are further divided into the 

Tal Formation. Chert Component, Argillaceous Member, Arenaceous Member, 

and Calcareous Member are the four unique members that make up the Lower 

Tal, whereas quartzite Member is the member that makes up the Upper Tal. The 

hill slopes in most of the research area are covered with thick Quaternary 

deposits representing ancient landslides. According to the channel cuts, the 

thickness of these deposits varies greatly. 
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3.3. Lithology 
 

The spatial arrangement of different litho units and the overlaying 

Quaternary deposits, as well as the existence of structural features, such as 

folds, faults, joints, fractures, etc., all have a significant impact on slope 

instability in a given area. Geologically, the study area constitutes the rocks of 

the Blaini Formation (conglomerate, siltstone, greywacke, slate, and sandstone), 

Krol Formation (limestone, dolomitic limestone, and dolomite), and the Tal 

Formation and is located in the Lesser Himalaya. Krol Formation is the 

dominant formation in the area of study. Tal Formation into Lower Tal with 

four distinct members, namely Chert Member, Argillaceous Member, 

Arenaceous Member, and Calcareous Member, whereas the Upper Tal is 

represented by Quartzite Member (Figure 2). In general, the rocks are fractured 

and jointed. Most of the slopes constitute the fractured and weathered rock-mass 

with thin veneer of sediments, and the development of soil on the slopes is not 

visible. It has been observed that the general slope in the area varies from 0° to 

> 76° and has been classified into seven classes each having an interval of 12°. 

The greater part i.e. ~ 38% of the study area is occupied by slope interval 38°–

50°, whereas ~ 62% of the landslide covered area are located on the slopes 

having gradient between 25°–50°. Slope aspect is an important terrain 

parameter that affects the slope stability as different slope aspects receive 

different solar irradiance and orographic precipitation, thus affecting differential 

weathering and hence the varying distribution of landslides in different slope 

aspects is expected. Therefore, the area has been classified into nine different 

aspects classes viz. north (5.24%), northeast (10.94%), east (10.51%), southeast 

(11.09%), south (18.05%), southwest (18.46%), west (12.57%), northwest 

(8.67%) and north (4.47%) and around 86% of the landslide covered area are 

located on the slopes facing towards south, southeast, east and northeast. About 

44% of the study area falls under very high, high and moderate landslide 
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susceptible zones and approximately 56% in the low and very low landslide 

susceptible zones. Dominant part of the area falling under high and moderate 

landslide susceptible zones lies in the area covered by highly fractured Krol 

limestone exhibiting slope ranging between 65 and 77°. High and very high 

landslide susceptible zones are located in the vicinity of the Main Central Thrust 

(MCT). 

 

FIGURE 2: LITHOLOGICAL FORMATION OF MUSSOORIE REGION (SOURCE: RAM ET AL., 2020) 

TABLE 7: LITHOSTRATIGRAPHIC SUCCESSION AROUND MUSSOORIE 

Group/Formation Lithology 

Jaunsar Group Phyllite. 

Tal Formation  Coarse grained, white quartzite and pebbly quartzite, 
calcareous purple sandy shale, micaceous sandy siltstone, 
black and grey coloured banned shale, grey to black shale, 
chert with phosphorite and silty shale. 

Krol Formation  Thicky bedded grey dolomite with thick beds od shale. 
Contains nodules and thin lenticular beds of black chert, 
grey to dark grey dolomitic limestone with thin shale and 
pockets of gypsum and calcite and calcareous ferruginous 
shale interbedded with argillaceous limestone.  
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Mussoorie region has been classified into five landslide susceptibility classes 

indicating demarcated very high, high, moderate, low, and very low landslide 

susceptibility zones. It has been noted that 2.31% of the area falls in the very 

high susceptibility zone,12.94% in the high susceptible zone, 28.65% in the 

moderate susceptibility, *24.01% in the low susceptibility, and 32.39% in very 

low susceptible zones. It has been observed that the high and very high 

landslide susceptibility zones are manly concentrated in the E–W trending 

central part and also on the southern and western parts of the study area, 

whereas the northern and eastern parts fall in the low hazard zone. Further, the 

settlement places, like Bhatta fall, George Everest, Kempty fall, and 

Barrlowganj, lie under high-hazard zones (Figure 3). Any expansion of 

construction activities may be disastrous in these zones (Ram et al., 2020) 

 

FIGURE 3: LANDSLIDE SUSCEPTIBLE MAP OF THE STUDY AREA. (SOURCE: RAM ET AL., 2020) 
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3.4. Geo-morphology 

Geomorphological processes or changes in the morphology of the ground 

are regularly recorded by prior maps, satellite symbolism, and study reports of 

past landslides. These are likewise now and then archived in the records of 

watchful perceptions assumed control after some time by the administration and 

neighbourhood population. Geography has an imperative bearing on the 

geomorphic advancement of a region, especially on the slopes. The zone around 

Mussoorie is observed to be dismembered by a few edges, and the ground 

heights differ somewhere in the range of 900 and 2290 meters above mean 

ocean level (msl). Lal Tibba, with a stature of 2290 meters above msl, is the 

most astounding purpose of the territory, while the second most astounding 

point, Gun Hill, has an elevation of 2024 meters above msl. Organization 

Garden and Mussoorie Lake separately have risen 1870 and 1880 meters above 

msl. Groundwater exploration in the Western Doon valley (Mussoorie range in 

the north with 1800–2800 m elevation and in the south by frontal Siwalik range 

with ~800 m average elevation) has been carried out to delineate the 

groundwater potential and groundwater quality zones suitable for domestic 

purposes based on the integrated use of Remote Sensing and Geographical 

Information Systems (GIS).   

3.5. Landslide in relation to slope 
 

A study conducted by Panikkar and Subramanyam (1996) in Dehradun 

and Mussoorie enlisted the triggering factors causing the landslide, i.e., 

invariably rainfall and/or seismicity. Most of the landslides in the area occur 

after heavy rains, which serve to saturate the materials, increasing their effective 

weight. Moreover, it can cause the weakening of materials like clay which swell 

up when moist. Regarding seismicity, the Himalayas is known to be an active 
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seismic zone. The ground motion during an earthquake can trigger off large-

scale landslides in the area. Their study in Dehradun and Mussoorie shows that 

all the landslides occur on south-facing slopes, which may be attributed to the 

microclimatology and greater anthropogenic activities here. The removal of toe 

support by the stream undercutting is the most frequently observed cause of 

sliding in the area, where 85% of the landslides occur within a distance of 200 

m from the streams. 

Further, 11.91% of the landslides occur in non-forested areas, indicating 

the effect of vegetation on the initiation of slope instability. Road cutting also 

causes minor landslides, although they have not had a dominant influence in the 

case of major landslides. Overall, rainfall and seismicity form the dominant 

triggering factors for landslides in the area. The statistical bivariate analysis 

study conducted by Ram et al. (2020) for the preparation of landslide 

susceptibility analysis for Mussoorie and the surrounding area indicates that the 

landslide in the area is controlled mainly by lithology, curvature, slope, slope 

aspect, and land use/land cover. This is also evidenced due to the weak, 

fractured, and weathered rock strata in the area that may lead to landslide due to 

changes in any geo-environmental factor in the area like change in the geometry 

of slope due to construction activity in the area or excessive rainfall conditions 

in the area (Ram et al., 2020). One of the similar observations by Sambhu et al. 

(1996), who conducted a study of landslides in Mussoorie regions, highlighted 

that road cutting and improper embankments have been considered to cause 

minor landslides; and causes of major or large landslides are monsoon, rainfall 

and seismic activities around the area. 

A study of one such major landslide event in Mussoorie (the landslide of 

Surbhi Resort in Mussoorie) is reported here. According to Gupta and Ahmed 

(2007), natural and manmade induced factors are responsible for the occurrence 

of the landslide of Surbhi Resort in Mussoorie. However, the main triggering 
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factors were the incessant rainfall, the seepage from the upslope region, and the 

poor slope stability of rock mass around the landslide zone. They further 

concluded that the presence of highly jointed, fractured and weathered 

carbonate rock mass along with steep slope and high-water percolation into 

slopes, creates ideal conditions for slope instability in the area. The high rainfall 

combined with effluent discharge from the upslope region saturated the slope of 

the entire hills, thereby increasing the pore water pressure and decreasing the 

strength of these materials constituting the slope. This study also provided 

landslide inventory (Table 8) and a spatial distribution map of landslides in 

different wards (Figure 4). 

TABLE 8: WARD-WISE MAPS OF LANDSLIDE INVENTORY OF THE MUSSOORIE 

S. No. Name of the 
Ward 

Area 
(km2) 

No. of 
Landslide 

Landslide density 

1 Jharipani 1.89 2 1.057 

2 Barloganj 1.60 2 1.251 

3 Jalki 3.66 5 1.366 

4 Landaur 1.51 1 0.663 

5 Nagar Palika 
Parisad 

0.50 1 2.016 

6 Arya Samaj 0.31 0 0 

7 Kachhari 2.4 3 1.251 

8 Library 0.88 2 2.283 

9 Indra Colony 0.49 1 2.037 

10 Happy Valley 0.90 2 2.217 

11 Bhadraj 4.01 6 1.496 

 

Important – It may please be noted that landslide is a dynamic process, 

and it changes with time. The data presented above represents the distribution of 
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landslides as mapped in Aug 2019. The boundary of each municipality ward 

was obtained from the Mussoorie Nagar Palika.   

FIGURE 4: SPATIAL DISTRIBUTION OF LANDSLIDES (AS MAPPED IN AUG 2019) 
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4. NATURAL RESOURCE PROFILE 
 

4.1. Forests 
 

Mussoorie is a part of lower Himalayan region, also called ‘Queen of the Hills’ 

lies latitude 30°27’ N and longitude 78°15’E with an altitude ranging from 1800 

to 2300 meters. The region is enriched with various topographical features 

along with varied flora and fauna. This region is a fascinating hill station 

blessed with splendid landscapes with high peaks, waterfalls, vegetation, etc. 

attracting many tourists (Sundriyal et al., 2018). The area covered by forest in 

Mussoorie region is shown below Figure 5: 

 

FIGURE 5: FOREST AREAS OF MUSSOORIE 
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4.1.1. Area of management 

The classification of Mussoorie area based on type of management is as 

follows: 

i. Reserve Forest Area 

These areas are under the control of Mussoorie Forest Division, i.e. Rikholi and 

Motidhar forest Block. The Blockwise areaof Rikholi RF is 852 hectares, 

Motidhar RF is 1835.70 hectares, and Chamasari RF is 1837.66 hectares. 

ii. Protected Forest Area 

The Mussoorie wildlife sanctuarycreatedin1993 forms a part of the PA which is 

also popularly known as Binog wildlife sanctuary. It is located between latitude 

28°59’40” to 31°28’05” North and longitude 70°49’ to80°59’50”East which 

covers an area of 1081.97 hectares.  

iii. Other Municipal Area Including Private Estates 

These areas comprise of 3545 hectares (approx.) of Nagar Palika area that 

includes 276 private forest estates with varying individual areas from 0.2 to 360 

hectares. These areas are generally composed of the forests, existing building, 

compounds, roads, orchards, agricultural land etc. Some of the private estates 

also have a large part of their forests adjoining the Binog sanctuary with thick 

banj forest, fresh water springs making them an ideal bird habitat. 

iv. Landour Cantt Area 

These are the areas that are managed by the cantonment authorities themselves 

with a total area of 280.50 hectares out of which 169.5 hectares is the forest area 

and the remaining 121.0hectares is covered by building and compounds. 
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v. Gram Samaj Area 

These are the village community areas that are managed by the people of the 

villages to fulfil their basic requirements of fodder and fuel wood. 

vi. Areas under the Cultivation: 

These are mostly in the shape of ‘chaks’ bounded by the reserve forest and are 

owned by the villagers of the nearby village. 

4.1.2. Forest Classification 
 

The vertical range of Mussoorie is considerably varying from 900-2300 

meters, thus exhibiting region from subtropical to temperate. The vegetation 

found at elevations exceeding 1500 meters corresponds to the lower oak zone, 

characterized as a moist temperate forest by Champion's classification of Indian 

Forest types. The vegetation of temperate forests region may be classified as 

follows: 

1. Broad leaved sclerophyllous forests:  

a. Quercus leucotrichophora forests (1400-2300 meters) 

b. Quercus floribunda forests (2100-2200meters) 

2. Grasslands 

3. Scrub forests 

4. Coniferous edaphic climax forests 

a. Pinus roxburghii forests 

b. Cedrus deodara forests 

The area is mainly covered by oak mixed forest and conifer oak mixed forest. 

The dominant treespecies are Quercus leucotrichophora, Quercus glauca, 
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Quercus floribunda, Quercus semecarpifora, Lyonia ovaliflia, Rhododendron 

arboreum, Myrica esculenta, Cedrus deodara, Cornus capitata etc.The species 

richness in terms of vascular plants as well as non-vascular plants is highest on-

stream banks and moist areas. For an instance the pteridophytes and bryophytes 

species richness is maximum on moist sites. Moreover, the Mussoorie Wildlife 

Sanctuary also serves as a biological hot spot on account of the presence of 

species of high conservation values such as Acer oblongum, Acer caesium, 

Calanthe davidii,etc. The Kempty falls- a major tourist attraction of Mussoorie 

originates within this sanctuary and plays a crucial role in maintaining a good 

water flow in the lean summer months.   

4.2. Biological resources 
 

 The Mussoorie area is surrounded mainly by Banj Oak forests and Chir 

forest that occupy about 70% of total forest area. The main species Oak 

(Quercus leucortichophora) has Burans (Rhodobendron arboreum) and Anyar 

(Lyonia obalifolia) as principal associates. Moru (Quercus floribanda) and Banj 

(Quercus glauca) are found at higher elevations. Banj Oak is the climax species 

found in moist sheltered valleys on Northern aspect with no shrub undergrowth. 

The southern slopes are generally poor in vegetation cover and generally 

contain sporadic flora. Chir Pine forest (Pinus roxburghii) is generally found in 

the lower altitude whereas Deodar and Kail forest is present in higher altitudes.  

4.2.1. Flora 
 

A total of 1331 species of vascular plants (Raizada and Saxena, 1978) 

have been documented from Mussoorie region. Among these, angiosperms are 

1214 distributed in 645 genera and 130 families; gymnosperms are 5 in 4 genera 

& 1 family and ferns are 107 in 51 genera and 23 families (Singh et al., 2021). 

Gramineae is the most dominant family of vascular plants followed by 
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Fabaceae, Asteraceae, Orchidaceae, Lamiaceae and Rosaceae. It has been 

observed that for Mussoorie region, the richness (S) and diversity (H’) 

decreases with increasing elevation, i.e., 46 and 1.29 respectively below 2000m, 

20 and 1.05 respectively in 2000-2500m, 24 and 1.01 respectively in 2500-

3000m elevation. Lower altitude zone (<2000m) represented tropical moist 

forest with dominance of Shorea robusta, Quercus leucotrichophora, Terminalia 

chebula, while moist temperate forest present in 2000-3000m elevation zone 

with dominance of Rhododendron arboretum, Quercus floribunda, Q. 

leucotrichophora, Q. semicarpifolia, Abies pindrow (Sharma et al., 2017). Some 

threatened plant species including Acer caesium, Dioscorea deltoidea, Acer 

oblongum, Berginia ciliata, Valeriana jatamansi are also documented in the said 

region. (Kumar et al., 2012; Srivastav et al., 2015) 

The Binog wildlife sanctuary records around a total of 335 species of 

vascular plants belonging to 237 genera and 102 families. Of these, 300 species 

are Angiosperms (86 families and 211 genera), 4 Gymnosperms and 31 

Pteridophytes. As per growth form this Protected Area has 186 herbs, 71 shrubs, 

19 climbers and 58 tree species. The foremost families of angiosperms are 

Asteraceae (19 genera, 32 species), followed by Fabaceae (14 genera, 22 

species), Lamiaceae (12 genera, 22 species), Rosaceae (11 genera, 18 species) 

and Poaceae (13 genera, 15 species)(Kumar et al., 2012). Furthermore, in 

Dhanaulti region around 112 species of angiosperms belonging to 96 genera and 

47 families is recorded out of which Poaceae (17 sp. & 16 gen.), Rosaceae (13 

sp. & 9 gen.) and Asteraceae (8 sp. & 8 gen.) are dominant families and Rubus 

(4), Euonymus and Smilax (3) are dominant genus. (Srivastav et al., 2015) 

4.2.2. Fauna 
 

Mussoorie is known for its diverse range of fauna, including species like 

Jungle Cat, Leopard, Leopard Cat, Fishing Cat, Himalayan Goat, Serow, 
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Barking Deer, Flying Squirrel, Himalayan Jackal, Common Langur, Wild Boar, 

Mongoose, Monkey, and Porcupine. 

4.2.2.1. Mammals 
The diversity in the vegetation in the area supports a good number of 

mammalian fauna which includes Himalayan goat, Leopard, Barking Deer, 

Himalayan black bear, Northern plains gray langur, Yellow throated marten, 

Indian crested porcupine to name a few. 

4.2.2.2. Avifauna 
 

This region forms an ideal habitat of the rare species of various avifauna 

and is home to several species of residential and migratory birds’ species. Some 

of the important avi-fauna present are Himalayan griffon, Crested Serpent eagle 

pheasant, Long-tailed broadbill, Kalij pheasant, Black partridge, cheer pheasant 

Rock dove, Green Bee eater, Himalayan cuckoo, Night jar, Jungle crow, 

Himalayan Golden eagle, Brahminy kite, Rufous sibia, Eurasian jay, etc. The 

endangered bird Himalayan Bater (The Mountain Quail) was seen in Mussoorie 

Wildlife Sanctuary long ago and might be spotted again in this region. Binog 

Wildlife Sanctuary is one of few such protected areas in the Western Himalayas 

at the altitude 1500-2200 m that is probably the westernmost (globally) 

breeding locations for the Long-tailed broadbill (Psarisomus dalhousiae) the 

only bird in the genus Psarisomus. 

4.2.2.3. Herpetofauna 
 

The region has rich assemblage of reptiles and amphibians with few 

species endemic to Western Himalayan region. The key herpetofaunal habitat 

features the area of perennial stream habitats. The systematic study of 

herpetofauna has only been done in Mussoorie Wildlife sanctuary that 

records14 species of herpetofauna belonging to 12 genera and 8 families. 
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Among them amphibians are represented by five species and reptiles are 

represented by nine species including five species of snakes and four species of 

lizards. The amphibians such as Little Torrent Frog, Large Torrent Frog, 

Himalayan Paa Frog, Himalayan Pit Viper, Mackinnon's wolf snake, Kumaon 

Mountain lizard, Himalayan Keelback are also found. Interestingly for the first 

time the live encounter of specimen of Black-bellied coral snake (Sinomicrurus 

nigriventer) from Bhadraj block of the P.A. confirms distribution record of the 

species only from Mussoorie and Nainital regions of Uttarakhand (Kumar et al, 

2021). Also, the record of rare Himalayan wolf snake (Lycodon mackinnoni) 

one of the rarest species endemic to Western Himalayas from its type one 

topotypic specimen after a long gap of 112 years close to the sanctuary indicates 

importance of the area. 

4.3. Forest Fire Risk 
 

Forest fires pose a significant threat to the biodiversity of Mussoorie. 

A study conducted in the Raipur Range of Mussoorie Forest Division identified 

fire-sensitive regions and analysed the factors contributing to forest fires, 

presented in figure 6. 

 

FIGURE 6: FIRE RISK ZONE MAP OF RAIPUR RANGE (VERMA ET AL., 2013) 
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South-western aspects with higher altitudes and medium-density forests 

during dry months of May and June were found to be highly prone to fire. 

The forests of Mussoorie harbour a diverse array of plant and animal 

species, contributing to the region's ecological significance. Conservation 

efforts, including fire management strategies, are crucial for the preservation of 

this valuable biological resource. 

4.3. Water resources 
 

Mussoorie faces challenges in its water resources. With outdated 

infrastructure and projected future water shortages, efforts are being made 

through schemes like Yamuna water supply and new reservoir proposals to 

secure a sustainable water supply for residents and tourists. In Mussoorie, the 

Uttarakhand Peyjal Nigam looks after the planning and implementation of water 

and sewerage projects; whereas, the Uttarakhand Jal Sansthan is responsible for 

most repair and maintenance work (Singh, 2015). For meeting its drinking 

water demands, the population of Mussoorie is solely reliant on the water 

discharged by the nearby springs and spring-fed streams. According to Madan 

and Rawat (2000), a historical review and conservative estimate shows a drastic 

reduction in the number of its water resources from 120 (most of these have 

now either dried up or water discharge from them has become insignificant) to 

20. of the 20 available water resources (springs and brooklets), 6 are gravity-fed 

and 14 require pumping water to their respective pumping stations. The 

Mussoorie Drinking Water Scheme covers an area of 64.25 Km2 (Sundriyal et 

al., 2018).  

As per Bharti et al., (2020), in Mussoorie, the municipality taps 20 spring 

sources to generate 9 million litres per day (MLD) of water, transported by 

gravity and pumping systems. There is a 98 km-wide network of distribution 

pipelines, with 4,065 domestic and 1,206 commercial tap connections, covering 
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approximately 90% of Mussoorie’s area. The corresponding water requirement 

is higher in peak tourist seasons (May and June) and scarcity of water during the 

peak tourist months is, therefore, a regular problem in these destinations 

(Sundriyal et al., 2018). However, in reality, the town is always bursting with 

tourists and thus the water requirement exceeds the water availability. The 

situation has engraved in light of the fact that the town is facing the issue of 

continuously depleting water sources i.e., springs and brooklets (Sundriyal et 

al., 2018). The water supply infrastructure however is extremely old, most of 

the pumping schemes were established in the early 1900s during the British 

rule, with the exception of the Dhobighat pump which is fairly recent 

 

4.3.1. Rainfall and Climate 
Mussoorie receives an annual rainfall greater than 2000mm, with most of 

it occurring during the monsoon season. This indicates a relatively abundant 

water supply, at least during the rainy months. 

4.3.2. Water Shortage Concerns 
The town's infrastructure is described as being stuck in the colonial era, 

heavily dependent on the groundwork established by the British. This suggests 

that the water supply and management systems may not have kept pace with 

modern requirements and challenges. A study conducted in 1998 highlighted 

the issue of future water shortage in Mussoorie unless measures to augment the 

water supply are planned and implemented. This implies that the current water 

supply may not be sufficient to meet the growing demands of the population 

and tourism. 
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4.3.3. Water Demand Projection 
The projected water demand (@ 135 lpcd) as per the information and data 

provided by Drinking Water Department based on realistic assessment is as per 

the below mentioned Table 9 -  

TABLE 9: PROJECTED WATER DEMAND (AS PER THE INFORMATION RECEIVED FROM PROGRAM 

DIRECTOR, STATE PROGRAM MANAGEMENT GROUP, NAMAMI  GANGE, UTTARAKHAND) 

 

4.3.4. Existing Water Supply 
 

The current water supply for Mussoorie Nagar Palika (Municipal 

Corporation) is sourced from 6 pumping stations and 6 gravity sources, 

providing 7.69 Million Litres per Day (MLD) of water. However, it is 

mentioned that the water demand exceeds the supply, indicating a potential 

water deficit. 

TABLE 10: MUSSOORIE’S CURRENT WATER SUPPLY 

Current supply of water 
#  Year of 

establishment 
 Name of 

source 
Water 
Supplied 
(MLD) 

Type of 
source 

Type of 
Supply 

A Pumping Scheme 
1  

 
 
Murray 
Pumping 
Scheme 

1908 1 Khanaultry 0.648 Spring Pumping 
2 Undercliff 0.155 Spring Pumping 
3 Bansi 0.288 Spring Pumping 
4 Kandighat 

Upper 
0.288 Brooklet Pumping 

5 Kandighat 0.691 Brooklet Pumping 

Year Projected Population Total water demand 
(MLD) 

2022 93520 15.78 

2037 115413 19.48 

2052 142036 23.97 
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Lower 
6 Rikhauli Gad 0.360 Brooklet Pumping 
7 Kandighat 

Stream 
0.360 Brooklet Pumping 

2 Mackinnon 
Pumping 
Scheme 

1913 8 Newby 0.115 Spring Pumping 
9 John 

Mackinnon 
0.216 Spring Pumping 

10 ChalmerKhud 0.115 Spring Pumping 

3 Bhilaru 
Pumping 
Scheme 

1925 11 Bhilaru 1.296 Spring Pumping 

4 Jincy 
Pumping 
Scheme 

1972 12 Jincy 2.419 Spring Pumping 

5 Kolti 
Pumping 
Scheme 

1971 13 Koltikhala 0.864 Brooklet Pumping 

6 Dhobighat 
Pumping 
Scheme 

2003 14 Dhobighat 0.763 Brooklet Pumping 

B Gravity Scheme 
1  15 Company 

Khud 
0.086 Spring Gravity 

2  16 Brookland 0.129 Spring Gravity 
3  17 Nalapani 0.036 Spring Gravity 
4  18 Pargakhala 0.158 Spring Gravity 

5  19 Douglas date 0.129 Spring Gravity 
6  20 Sentipani 0.072 Spring Gravity 

 Total Pumping Gravity   9.188  Gravity 
C Buranskhanda Rural Pumping Scheme 
1   1 Ghatidhar 0.036 Spring Pumping 
2   2 Ghuggupal 

Brooklet 
0.216 Brooklet Pumping 

(Source: Jal Sansthan Records) 
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4.3.5. Yamuna Water Supply Scheme 
To address the water shortage, Mussoorie is receiving water from the 

Yamuna water supply scheme. In June 2023, 2.5 MLD of water was received, 

and it is projected to increase to 6.60 MLD by September 2023. The scheme's 

future projections estimate the supply to reach 11.75 MLD by 2037 and 17.62 

MLD by 2052 (Table 11). 

TABLE 11: FUTURE REQUIREMENT VS AVAILABILITY OF WATER DEMAND 

 

4.3.6. Proposed Storage Reservoirs 
To address the future water requirements, the information mentions that 

many new proposals for storage reservoirs are in progress. This suggests that 

efforts are being made to enhance the water storage and supply infrastructure in 

Mussoorie. Details of existing water storage infrastructure are as given below in 

Table 12. 

TABLE12: PROPOSED AND EXISTING STORAGE RESERVOIRS 

S. No. Location New proposed CWR 
(Cap in KL) 

Existing CWR (Cap 
in KL) 

1 Vincent hill  227 KL 1 No. 

2 Vincent hill  227 KL 1 No. 
3 Vincent hill  908 KL 1 No. 

4 Library savoy  380 KL 1 No. 
5 Mount Rose  500 KL 1 No. 
6 Gun hill no. 1  136 KL 1 No. 

Year Required (MLD) Availability 
(MLD) 

Difference (MLD) 

2022 15.78 7.69 8.09 

2033 16.12 7.69+11.79=19.48 Excess 3.36 

2037 19.48 7.69+11.79=19.48 Nil 

2052 23.97 7.69+17.62=25.31 Excess 1.34 
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7 Gun hill no. 2  926 KL 1 No. 

8 Gun hill no. 3  9080 KL 1 No. 
9 Gun hill no. 4  2270 KL 1 No. 

10 Gun hill no. 5  4540 KL 1 No. 
11 Landhour survey 4 200 KL 1 No. 45 KL 1 No. 

12 Landhourcantt  90 KL 1 No. 

13 Depot RCC 300 KL 1 No. 45 KL 1 No. 

14 Depot Landour  745 KL 1 No. 

15 Wyn Berg Allen  54 KL 1 No. 

16 Radha Bhawan 4000 KL 1 No. 4000 KL 1 No. 

17 The Oks Nabha  400 KL 1 No. 

18 Barloganj steel 
tank 

 50 KL 1 No. 

19 Cloud end (Tibri 
top) 

 45 KL 1 No. 

20 George everest 100 KL 1 No.  
 

It is evident that Mussoorie faces challenges related to water supply and 

increasing demand. The projected increase in water demand underscores the 

need for effective planning and implementation of measures to augment the 

water supply. The reliance on colonial-era infrastructure may pose additional 

challenges in meeting the growing demands. The introduction of the Yamuna 

water supply scheme is a step towards addressing the shortage, but it may not be 

sufficient in the long run. The ongoing proposals for storage reservoirs indicate 

recognition of the issue and efforts to develop new infrastructure. However, it 

remains crucial to ensure sustainable water management practices and explore 

additional solutions to secure an adequate and reliable water supply for 

Mussoorie's current and future needs. 

**** 
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5. WASTE MANAGEMENT PROFILE 
 

5.1. Solid Waste Management 
 

It was estimated that the total solid waste dry, wet and others generated 

from household and commercial establishment like Shops, Govt/Non-Govt. 

establishments etc. in Mussoorie town is 15 Metric Tons Per Day (MTPD) 

during high footfall season while during non-tourist season it is 12 Metric Tons 

Per Day (MTPD). Whereas plastic waste from municipality of Mussoorie is 

accounted 3.5 MTPD. Segregation of waste at source is done about 70% 

whereas Door to Door collection of solid waste is carried out about 95%. The 

total of around 150 waste pickers/sanitation workers is engaged in collection 

and segregation of the waste from different sources. Nagar Palika Mussoorie is 

also among the best performers in the district. Nagar Palika Mussoorie has 

employed indigenous technique for waste management. Household are 

equipped with QR Code and daily solid waste collection being monitored by 

this system. Implementation of Digital Deposit Refund System is under 

process.  It has also propagated the concept of circular economy. Plastic is 

segregated from the dry waste after secondary segregation at MRF centre. After 

compaction by plastic compactors, it is either sold to local rag pickers or is 

channelized to authorized recycler. Dustbins have been provided in major 

tourist location to prevent littering of plastic waste. A bio-methanation plant of 

10 Tonne capacity is under construction for disposal of bio-degradable waste. 

75% work of bio-methanation plant has been completed. The plant will be 

functional by October 2023.  
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5.2. Liquid Waste Management 
 

In the town of Mussoorie, there are a total of 65,741 meters of sewer lines 

available with a capacity of 7.32 MLD (Million Liters per Day). There are 

10,813 meters of sewer lines currently under construction, with a capacity of 

3.25 MLD. The waste water generation of Mussoorie is around 8.15 MLD and 

the present sewage treatment capacity is 7.32 MLD with available 65741m 

sewer lines. The details of the sewage plants are summarized in Table 13. 

Further, six new STP of 3.25 MLD are under construction. After completion of 

the proposal, the total capacity will be increased to 10.57 MLD. 

TABLE13: DETAILS OF MUSSOORIE SEWAGE PLANTS 

S. No. Zone Completed Ongoing 
Sewer line 
(length m) 

STP 
(MLD) 

Sewer line 
(length m) 

STP 
(MLD) 

1 Kulri 
 

3264.00 0.90 296.00 - 

2 Landour 
North 

590.00 0.80 0.00 - 

3 Happy valley 5066.00 1.20 1593.00 - 

4 Bhattafall 31737.00 3.12 5000.20 - 

5 Landour 
South 

7949.00 1.30 57.00 - 

6 Library-
Bhilaru 

10087.00 - 2327.00 1.10 

7 Dhobighat 1132.00 - 0.00 0.05 

8 Camel back 1136.00 - 496.00 0.70 

9 Company 
garden 

3645.00 - 0.00 0.70 

10 Arachadia 1135.00 - 1044.00 0.70 
 

 Total 
 

65741.00 7.32 10813.20 3.25 
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Mussoorie has established several sewage treatment plants (STPs) in 

different areas, while some are still in progress. The Uttarakhand Pollution 

Control Board monitors the performance of these STPs on a monthly basis, 

ensuring compliance with the Environment (Protection) Rules 1998. 

TABLE 14: CHARACTERISTICS OF SEWAGE TREATMENT PLANTS (JANUARY TO MAY, 2023) 

(OPERATED BY UTTARAKHAND JAL SANSTHAN) 

 
S. 

No. 

 
Name of the 
STPs  (With 
Capacity ) 

 

 Sampling Point 
 Inlet of STP Outlet of STP 

Month pH BOD 
(mg/l) 

TSS 
(mg/l) 

pH BOD 
(mg/l) 

TSS 
(mg/l) 

Fecal 
Coliform 
(MPN / 
100 ml) 

 
1 

Landour (S), 
Mussoorie  
(1.3 MLD) 
 

Jan 6.62 165 157 7.47 8.8 09 430 

Feb 6.75 170 163 7.60 8.4 08 94 

Mar 6.81 175 170 7.65 8.8 09 110 

Apr STP found non-operational as plant was under maintenance 
work. (Date of Inspection: 01-04-2023) 

May 7.20 180 178 7.70 9.2 10 350 

 
2 

Bhatta Fall, 
Mussoorie 
(3.12 MLD) 
 

Jan 6.53 155 150 7.01 9.2 10 94 

Feb 6.60 150 144 7.23 8.8 09 49 

Mar 7.30 155 148 8.50 8.4 08 84 

Apr 7.20 160 156 8.10 9.2 10 94 

May 6.90 165 163 7.14 9.6 11 170 

 
3 

Landour (N), 
Mussoorie  
(0.8 MLD) 
 

Jan 6.96 175 166 7.52 9.2 09 120 

Feb 6.81 170 165 7.41 9.6 10 84 

Mar 7.02 175 168 7.80 8.8 09 94 

Apr 7.10 180 175 7.40 8.4 09 84 

May 7.14 185 181 8.30 8.8 10 540 

 
4 

Happy Valley, 
Mussoorie 
(1.2 MLD) 
 

Jan 6.84 170 160 7.25 8.8 10 110 
Feb 6.92 175 167 7.36 8.4 09 94 
Mar 8.30 185 179 8.75 9.2 10 70 
Apr STP found non-operational at the time of inspection. (Date 

of Inspection: 01-04-2023) 
May 7.05 195 199 7.80 10 13 16×102 

 
5 

Kurli Bazaar, 
Mussoorie 
(0.9 MLD) 
 

Jan 6.71 175 167 7.51 10.0 10 84 

Feb 6.63 180 173 7.67 9.2 09 79 

Mar 6.90 190 185 8.60 9.6 10 94 

Apr 6.95 195 189 7.80 8.8 09 79 

May 6.70 200 196 7.09 9.2 10 110 

 Sewage Treatment final effluent standards (As 
Notified by MoEF&CC) 

6.5-
9.0 

30 <100 <1000 
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The water quality characteristics, including pH, Biological Oxygen 

Demand (BOD), Total Suspended Solids (TSS), and Fecal coliform, are 

regularly monitored at the inlet and outlet of the STPs. Based on the analysis, 

the pH, BOD, and TSS levels were found to be within the prescribed discharge 

limits, its characteristics are highlighted in Table 14. However, during May 

2023, it was reported that the Fecal coliform levels at Happy Valley, Mussoorie, 

exceeded the permissible limit. This indicates a potential issue with the 

treatment process or the sewage input in that particular area. Further 

investigation and corrective measures may be required to address this concern. 

5.3. Bio-Medical Waste Management 
 

The data indicates that most healthcare facilities, both government and 

private, utilize the Common Biomedical Waste Treatment Facility (CBWTF) 

for the disposal of biomedical waste. This aligns with the Biomedical Waste 

Management Rules 2016, which emphasize the importance of proper treatment 

and disposal of biomedical waste to prevent environmental and public health 

risks. Biomedical waste is produced in varying quantities across the facilities. 

Notably, Lal Bahadur Shastri National Academy of Administration and The 

Dental Care generate a minimal amount of waste, while Jaunpur Pathology 

Laboratory produces a relatively higher quantity. Two government facilities, 

S.C. Bhatta and S.C. Malsi, opt for deep burial as their disposal mechanism. 

Deep burial involves burying the biomedical waste in designated areas, 

complying with specific regulations. 

TABLE 15: DETAILS OF HEALTHCARE FACILITIES IN MUSSOORIE 

S. No. Name of the Health Care 
Facilities 

Types 
(Govt / 

Pvt) 

Number 
of beds 

Biomedical 
waste 

(kg / day) 

Disposal 
mechanism 

1.  Govt. St.Marry Hospital, 
Camal Back Road Mussorrie, 
Dehradun 

GOV 
 

12 2 CBWTF 
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2.  Lal BhahadurShashtri 
National Academy of 
Administration, Mussoorrie, 
Dehradun 

GOV 0 0.267 CBWTF 

3.  Landour Community 
Hospital, Mussoorie, 
Dehradun 

GOV 
 

35 2.7 CBWTF 

4.  Oral Health resort, Kulri, 
Mussoorie, Dehradun 

PVT 
 

0 0.015 CBWTF 

5.  Jaunpur pathology laboratary, 
Kempty, Mussoorie, Taluka, 
Dehradun 

PVT 
 

0 0.563 CBWTF 

6.  S.C. Bhatta, Mussoorie, 
Barloganj, Dehradun  

GOV 
 

0 0.1 Deep Burial 

7.  S.C. Malsi, Mussoorie, 
Dehradun  

GOV 
 

0 0.1 Deep Burial 

8.  Uniyal Homeopathic Clinic, 
Tilak road, Mussoorie, 
Dehradun 

PVT 
 

0 0 NIL 

9.  Grunanak Charitable 
Dispensary, Sai 
ghandhiniwas, Kulri, 
Mussoorie 

PVT 
 

0 0 NIL 

10.  Galmei Dental Clinic, Picture 
Palace, Tilak, Mussoorie 

PVT 
 

0 0 NIL 

11.  State Veterinary Hospital, 
Mussoorie 

GOV 0 0  

12.  Sai Clinic, Tilak Road, 
Picture palace, Mussoorie, 
Dehradun 

PVT 
 

0 0 NIL 

13.  The Board of The Woodstock 
School and Teacher's 
Training College, Tehri Road, 
Landour, Mussoorie 

PVT 
 

12 0.25 CBWTF 

14.  The Dental Care, Near hotel 
Himalayan club, Mussoori, 
Dehradun 

PVT 
 

0 
 

0.125 
 

CBWTF 
 

15.  Homoeopathic Chiktsa 
Kendra, Near MDDA 
Parking, Landour Road, 
Mussoorie 

PVT 
 

0 
 

0 
 

NIL 

16.  Uniyal Homeopathic Clinic, 
Picture palace, Mussoriee 

PVT 0 0 NIL 

17.  Sanon Clinic, Lonsite, Kulri, 
Mussoorie 

PVT 0 1 CBWTF 

18.  Govt. Ayurvedic Hospital, 
Mussoorie, Dehradun 

GOV 
 

4 0.1 Deep Burial 

 

54



51 
 

The data reflects a general adherence to the Biomedical Waste 

Management Rules in Mussoorie, with most facilities utilizing the CBWTF for 

the appropriate management of biomedical waste. The details of the available 

data are summarized in Table 15. This approach ensures the safe handling, 

treatment, and disposal of waste, minimizing potential hazards to human health 

and the environment. The presence of deep burial as an alternative method 

suggests that some facilities may have specific waste disposal needs or 

arrangements, compliant with the rules. 

**** 
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6. LAND USE AND LAND COVER 
 

6.1. Land Use Changes in Mussoorie 
 

The comparison of land use done in 1998 in study of Carrying Capacity 

by LBSNAA and study conducted by Uttarakhand Space Application Center 

(USAC) in 2011 reveals that the land under forests which had reduced by 4.38 

sq. Km. (from 79% in 1990 to 72% in 1997) between 1990 and 1997, and has 

increased by 0.121 sq. Km.  between 1997 and 2009 (Table 16, Figure 7-12).   

The density of forest has also improved between 1997 and 2009 due to 

afforestation activity funded by the Supreme Court Monitoring Committee as a 

result of cess imposed on mining.  This is basically due to the clarification and 

directions of the Hon’ble Supreme Court mentioning that the F.C. Act, 1980 

will apply not only to notified and recorded forests but also to the forests by 

dictionary meaning irrespective of the ownership.   The implication of the 

direction is that for forest areas, approval for non-forest use has to be obtained 

from the Govt. of India. 

TABLE 16: CHANGE IN LANDUSE IN MUSSOORIE (1990-97 AND 2009) 

Landuse 
Categories 

Area 
(Sq.Km.) 
1990 

Area  
(Sq. Km.) 
1997 

Area 
(Sq.Km.) 
2009 

Change in 
sq. km. 
between 
1990 and 
1997 

Change in Sq. 
Km. between 
1997-2009  

1 2 3 4 5 
(3-2) 

6 
(4-3) 

Dense Forest 29.32 23.31 26.042 -6.01 2.732 
 

Medium 
/Moderately 
Dense Forest 

11.08 18.28 14.680 7.20 -3.600 

Open 
Forest/Scrub 

11.62 6.05  7.039 -5.57 0.989 
 

Sub-Total Forest 
 

52.02  
(79.04) 

47.64 
(72.39) 

47.761 
(72.57) 

- 4.38 
(- 6.65) 

0.121 
(0.18) 
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Agriculture   2.51 
(3.81) 

3.57 
(5.43)   

3.896 
(5.92) 

1.06 
(1.62) 

0.326 
(0.49) 

Built-up Area 6.74 
(10.24) 

11.06 
(16.81) 

11.114 
(16.90) 

4.32 
(6.57)  
 

0.054 
(0.09) 
 

Waste/Barren 
Land 

4.55 
(6.91) 

2.44 
(3.70)  

2.799 
(4.25) 

-2.11 
(-3.20) 

0.359 
(0.55) 
 

Unclassified 0.00 1.10 
(1.67) 
 

0 1.10 
(1.67) 

-1.10 
-(1.67) 
 

Water Bodies N.A. N.A. 0.240 
(0.36) 

N.A. 0.240 
 

Grand Total 65.81 65.81 65.81    
 

 

The figures for 1990 and 1997 are based on the 1998 study by LBSNAA 

and for 2009 as per study of Uttarakhand Space Application Centre (USAC).  

The figures in parentheses are percentage of total area (65.81 sq. Km.) under 

various land uses.  It is noteworthy that in Mussoorie construction activity was 

continuing at a very fast pace despite the fact that there are – 276 estates 

notified as private forests. This activity has reduced drastically after 1997, as a 

result of the Writ Petition 749/1995 filed by SCMC against MDDA & Others 

and 202/1995 filed by  Godaverman against  Union of India and Others and 

judgments of  the Hon’ble Supreme Court dated 29.11.1996 and 12.12.1996 

clarifying that the Forest (Conservation) Act, 1980  applies to  the  forests 

notified by the State Government and  also to the forests by Dictionary meaning 

(irrespective of the ownership) and  as such permission for non-forestry use of 

forest land will have to be obtained from the competent authority i.e. the 

Ministry of Environment and Forests, Govt. of India, New Delhi.  
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FIGURE 7: LANDUSE DATA IN MUSSOORIE (2009). 
 

 

FIGURE 8: LANDUSE DATA IN MUSSOORIE (1997) 
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FIGURE 9: LANDUSE DATA IN MUSSOORIE (1990) 
 

Mussoorie - Land Use (1990)
(As per 1998 Study by NSDART)

¯

 

FIGURE 10: LANDUSE MAP IN MUSSOORIE (1990) 
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Mussoorie - Land Use (1997)
(As per 1998 Study by NSDART)

¯

 

FIGURE 11: LANDUSE MAP IN MUSSOORIE (1997) 
 

Legend

Agriculture

Built Up

Forest-Dense/Close

Wastelands
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±
        LAND USE LAND COVER OF MUSSOORIE (2009)

     (Area to the North of Mussoorie ridge is outside Doon Valley)

MUSSOORIE   RIDGE
0 2.5 51.25 Km

 

FIGURE 12: LANDUSE MAP IN MUSSOORIE (2009) 
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6.2. Impact of Slope on Land Use  

 The table below which is reproduction 1998 study gives the area and 

percentage of land in Mussoorie by slope categories from which it would be 

seen that about 79% of the area falls in slope category of 30 degree and more 

and only about 13 sq. kms. has less than 30-degree slope and that too in small 

patches. Out of this, 11 sq. kms. is already under the built-up area and therefore, 

hardly 2 sq. km. is available for safe construction. The use of land with more 

than 30-degree slope for urban development would be at a great risk and 

consequently the bye-laws of MDDA have banned construction in areas with 

more than 30-degree. The position in 2011 continues to be the same as in 1998 

study since the constructions between 1997 and 2011 are by and large 

renovation or reconstruction of existing buildings (Table 17).   

TABLE 17: AREA AND PERCENTAGE OF LAND IN MUSSOORIE BY SLOPE CATEGORIES 

Degree of Slope Area in Square 
Kilometers 

Percent Area to Total 
Area 

 
Below 10 5.54 8.42 

 
10-20 3.65 5.55 

 
20-30 4.23 6.43 

 
30-50 10.43 15.84 

 
50-90 41.96 63.76 

 
Total 65.81 100.00 
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FIGURE 13: FINAL SITE SUITABILITY MAP (SOURCE: KUMAR AND SHAIKH, 2013) 
 

6.3. Suitability for Urban Development 
 

Studies using GIS and multicriteria evaluation techniques have identified 

suitable sites for urban development in Mussoorie based on factors such as 

slope, road proximity, land use/land cover, land values, and geological 

formation. Expansion of construction activities should be avoided, and proper 

drainage and sewage systems need to be implemented by the Mussoorie 

Dehradun Development Authority (MDDA), show in figure 13.  
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The Mussoorie town lies in Seismic Zone-IV but the buildings have 

constructed mostly on more than 40-degree slope and at many places even on 

vertical scraps also. Secondly, despite of the Uttarakhand Building By-Laws 

and Regulation-2001 (Amendment 2016) some of the buildings height on such 

fragile hill is more than 12m (i.e., more than permissible limit). Such buildings 

need to be red mark through GIS technology for special safeguard measures and 

in future the local administration should strictly implement the Building Height 

Law for sustainable development of the town. 

As it is evident by above few points that the Queen of Hills, viz., 

Mussoorie lies on a steep hill composed of weak and soluble rocks and where 

the natural hydrological systems have been disrupted alarmingly causing socio-

economic disruptions and environmental degradation. On the other hand, the 

town is steadily and indiscriminately sprawling imposing intolerable load on the 

fragile hill. For the sustenance of the Mussoorie, town a Master Plan is needed 

immediately before allowing further construction works and the sub-surface 

excavation should be completely avoided in such a weak and fragile hill. If sub-

surface excavation needed absolutely, appropriate technology should be adopted 

and slope instability should be insured. 

 

6.4. Land Use and Land Cover Change 
 

Kumar and Shaikh (2013) conducted study by using the Geographic 

Information System (GIS) and multicriteria evaluation (MCE) technique for 

selection of suitable sites for urban development in Mussoorie municipal area, 

Dehradun district, Uttarakhand. Criteria using five parameters, i.e., slope, road 

proximity, land use/land cover, land values and geological formation were used 

to prepare the final site suitability map (presented in figure 13). The final site 

suitability map reveals that the study area was divided into six different suitable 
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categories. The area under extreme low, very low, low, moderate, high and very 

high lands stand at 1.13 km2, 5.60 km2, 1.94 km2, 3.27 km2, 4.97 km2 and 1.98 

km2 respectively. Approximately 46 % of the total area falls under low, very 

low and extremely low suitable areas. Only 36.79 % of land falls under high and 

very high suitable categories. Any expansion of construction, renovation etc. 

activities in the area should be avoided and MDDA (Mussoorie Dehradun 

Development Authority) should ensure proper drainage and sewage activities. 

Thapa and Bahuguna (2021) conducted study to detect the land 

encroachment or area of change; rate of change and monitoring spatio-temporal 

variation in LULC change between 1989- 2020 using change detection 

technique, supervised maximum likelihood classification, and Overall accuracy 

& Kappa Coefficient (K) was applied as an accuracy assessment tool. The result 

also found that among all LULC class, the most significant LULC conversion 

took place from agricultural land to built-up areas followed by open/scrubland 

and vegetation/forest cover. This analysis provides the essential long-term 

Geospatial information related to LULC change for making optimum decision-

making process and sustainable land-use planning in the Pachhua Dun, 

including Dehradun & Mussoorie urban agglomeration. 

Peethambaran et al., (2019) analysed and compared the predictive 

performance of two entirely different AI techniques, fuzzy expert system (FES), 

a bivariate statistical technique, and extreme learning machine (ELM), a 

multivariate statistical technique for GIS based landslide susceptibility zonation 

(LSZ) in the Mussoorie Township area (figure 14). Thematic layers of relevant 

causative factors and landslide inventory were prepared for the study area 

through field survey, remote sensing, and GIS. The resultant landslide 

susceptibility maps (LSM) of the study area, LSM-I of FES and LSM-II of 

ELM were critically evaluated and compared with the aid of landslide inventory 

of the study area. 
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FIGURE 14: (A) SLOPE (B) ROAD PROXIMITY (C) LAND USE/LAND COVER (D) 

LAND VALUES (E) GEOLOGICAL FORMATION (SOURCE: KUMAR AND SHAIKH, 
2013) 

6.5. Built environment and safe guard to 
existing built structure 
 

 

Nowadays, protection, conservation and improvement of environment are 

major issues or problems in arising in the tourism fed hill station of Mussoorie. 

The term environment includes of both physical and biological/ecological 

environment. While, physical environment includes issues relating to land, 

water and air, biological environment includes issues relating to plants, animals 

and other organisms. The major factors which contribute to environmental 

worsening in the area is anthropogenic disturbance in the form of tourism, 
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construction, over– exploitation of natural resources, disruption of natural 

ecological balances, destruction of a multitude of animal and plant species for 

economic reasons. Several research endeavours have also indicated the 

aggravation of traffic congestion, atmospheric pollution, undisposed solid 

waste, water scarcity and infrastructure unavailability as the prevalent issues, 

especially during the peak tourist months. The Land subsidence in a local scale 

is a natural phenomenon and may not pose a great threat; whereas the 

regional/large area, land subsidence could be an alarming situation for the 

settlement in the particular areas. However, the causes of the land subsidence 

(local or regional scale) can be both Natural as well as anthropogenic. No land 

subsidence studied has been carried out in the Mussoorie in the past; and the 

study related to landslides, drying of water resources or water supply & demand 

management, climate projection, tourist related impacts are conducted 

individually, synchronization (if any) of which to the land subsidence needs 

further detailed study. For wise management, sustainable development and 

planning (i.e., both short and long term) of natural and human resources, and for 

implementation and monitoring various anthropogenic and technogenic 

activities on environmentally fragile, ecologically sensitive and highly 

susceptible for climate change impacts, hill like the Mussoorie Hill -it is high 

time to develop the following large-scale maps using geospatial technologies & 

generate and document datasets for respective analysis and planning. 

1. Large scale (RF 1:10,000)   Geomorphic Map of the Mussoorie town and its 

environs which could depict spatial distribution of the following 

geomorphic landforms of different genetics: 

1.1  Fluvial landforms (i.e., ephemeral, intermittent and perennial rivers, 

river terraces, alluvial cones, alluvial fans, recent flood plains etc.); 

1.2  Tectonic landforms (i.e., fault scarps, fault aprons (dead), fault aprons 

(active), multitier terrace scarps, waterfall etc); and 
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1.3  Pluvial landforms (i.e., convex hill slopes, concave hill slopes, hollows, 

colluvial cons, colluvial fans etc). 

2. Large scale map of geomorphic processes of the Mussoorie town area and 

its environs which could depict spatial distribution of the following 

geomorphic process:   

2.1  Earth creeping sites/zones; 

2.2  Slumping site/zones; 

2.3  Rock fall site/zones; and 

2.4  Debris flow site/zones. 

3. For good urban governance and for smart city development, it is need of the 

hour to penetrate application of geospatial technologies at the grassroot 

level, i.e., Municipal and Ward Level using high resolution remote sensing 

data at Cadastral Scale (as per the models/maps provided by Rawat et al., 

2021):  

i. for allotting unique polygon ID to each building of the town area;  

ii. for Creating an index map for the town area, building print, with their 

unique ID at suitable scale 

iii. for integrating the information of a) the Municipal register regarding 

each building information, b) the Jal Sansthan register regarding water 

tax, and c) the Power Department regarding related to electric bill of 

each house  

iv. for developing 3D maps of buildings to monitor building heights and 

area  

v. to monitor regularly in land-use/land cover existing pattern and its 

dynamics 

vi. for mapping of the linear features, i.e., all footpaths, streets and roads  

vii. for mapping all the ephemeral, intermittent and perennial water 

sources, i.e., natural springs, streams and rivers;  

67



64 
 

viii. for identification of recharge zones of dwindling and depleting water 

resources, i.e., springs and rivers; and 

ix. for developing micro-plans for rejuvenation of dead and dying water 

resources of the Mussoorie Hills for the sustenance of the Town, as 

water is life.  

In addition, it is high-time to develop, generate and document detailed 

information datasets and analysis on the following areas in order to carry out 

planning and management of the hill station: 

i. Latest census information documenting population structure, demography, 

mortality & infancy rate.  

ii. Ecological status, diversity and distribution of flora, fauna, vegetation 

cover, disturbances (i.e., forest fire), utilization patterns, etc. 

iii. Detailed geological-geotechnical examination on 1:2000 or 1:5000 scale to 

assess the idea of instability before identifying and planning suitable relief 

measures. 

iv. Vulnerability assessment of the area around Mussoorie at meso & micro 

(1:0000/5000) landslides hazard zonation mapping. 

v. The relationship between landslide & rainfall intensity and its duration to 

understand the correlation between these two variables. 

vi. Continuous monitoring of the landslide in the area to avoid any further 

destruction to buildings and to check the movement of slope. 

Proper seepage or drainage system should be provided to rock slope, movement 

of slope should be monitored on regional basis. 

6.6. Geospatial Technologies for Planning 
 

Geospatial technologies play a vital role in the management and planning 

of Mussoorie. Large-scale maps depicting geomorphic landforms, processes, 

and urban features should be developed using high-resolution remote sensing 
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data. Integration of various datasets and detailed information on population, 

ecology, geology, and landslides are essential for effective decision-making and 

urban governance. 

6.7. Monitoring and Safeguarding 
Structures 

 

Continuous monitoring of landslides, drainage systems, and slope 

movements is necessary to protect existing structures in Mussoorie. Geological 

and geotechnical examinations, vulnerability assessments, and understanding 

the relationship between landslides and rainfall intensity are crucial for 

implementing appropriate mitigation measures. By addressing these aspects and 

conducting holistic studies, Mussoorie can progress towards sustainable 

development, manage it’s carrying capacity, mitigate natural calamities, and 

preserve biodiversity for a safer future. 

**** 
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7. CARRYING CAPACITY OF MUSSOORIE 
 

7.1. Housing and Tourism 
 

The housing requirement is of two types, one for the permanent residents 

and other for the tourists. As far as the requirement for permanent residents is 

concerned, there appears no problem except ensuring adequate basic amenities 

(sufficient water supply, clean environment, etc.). With respect to the 

availability of accommodation for tourists, there are around 510 hotels / 

homestay / Dharamshala / Gurudwara, which are altogether provide around 

17470 bedding capacity. In which, the homestay alone contributes 11.55% of 

total accommodation and generating livelihood opportunity to the local resident. 

Therefore, the accommodation is safely available for 17470 tourists for night 

stay in the Mussoorie area. 

7.2. Transportation 
 

Transport is an important sector to assess the carrying capacity of a 

particular area. Mussoorie area comprises of 585.31 km road length (and 5.95 m 

width) connectivity. In 1990, the road length recorded with 219.10 and 

increased to 301.73 in 2000 (82.63 km length per decade). The decadal capacity 

has been increased to 113.99 Km in the year 2000 and 2010, and 136.28 km in 

2010 and 2020. Around 11 km new road has been built every year (1990-till 

date) for proper transportation facility. The present public vehicle parking 

facility is around 1240 vehicles, except the parking facility of hotels, resorts, 

etc. In view of carrying capacity of the town, around 1240 can be safely 

permitted for public parking and in hotels / resorts as per the availability of 

parking space. In order to avoid traffic congestion and traffic load in Mussoorie, 

especially during peak tourist season, NHAI has been assigned the work of 

construction of highway two lanes tunnel beneath the Mussoorie town and 
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hence traffic going to Chakrata and Holy Shrine Yamunotri will be diverted. 

The feasibility study of the project is currently underway, considering a set of 

criteria, such as, traffic, geological conditions, hydrological condition, 

construction density of alignment, aquifer and sub-surface flow studies etc.   

 

7.3. Land Use 
 

The forest area of Mussoorie is 47.761 sq. km. land under forests which 

had reduced by 4.38 sq. km. (from 79% in 1990 to 72% in 1997) between 1990 

and 1997, and has increased by 0.121 sq. km.  between 1997 and 2009. The 

built area is also increased 6.57 sq. km during 1990-1997 and 0.09 in 1997-

2009. The density of forest has also increased between 1997 and 2009 due to 

intensive afforestation activities. In Mussoorie, as per the study of 

Ramachandran et al. (2001) and Kumar and Shaikh (2013) around 13 sq. km. is 

suitable for construction of building in view of having less than 30-degree 

slope. Out of 13 sq. Km, around 11 sq. kms. are already having the buildings 

and the remaining 02 sq. km area is available for safe construction. The land in 

Mussoorie fall in seismic zone IV and hence State Government has already 

restricted the construction activities in the region. The construction is being 

permitted by MDDA in notified and un-notified areas in Mussoorie as per the 

by-law of the authority. No fresh construction is being carried out in notified 

estate except cases of renovation of existing buildings constructed prior to 1980. 

State Government has notified Freeze Zone with regard to un-notified estate 

where construction of residential building is being allowed as per by-law of 

MDDA. It is worthwhile to note that since creation of State of Uttarakhand total 

maps sanctioned by MDDA is 237 indicating bare minimum construction and 

renovation works having carried out in Mussoorie. Moreover, studies as 
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mentioned in preceding paras have established the fact that construction 

activities in Mussoorie has reduced drastically since after 1997. It is required 

that earthquake resistant buildings can be constructed as per the guidelines of 

MDDA. For existing built structures, massive awareness drive for popularizing 

the retrofitting measures to improve the seismic response should be made in 

view of safety measures / norms.  

7.4. Water Supply 
 

Keeping in view of population of tourists as well as local people, the 

present water demand is around 15.78 MLD as against water supply of 10.19 

MLD as per the communication received from Uttarakhand Peyjal Nigam. The 

water deficit of Mussoorie is 5.59 MLD. Further, a total of 6.60 MLD water will 

be available from the Yamuna water supply scheme by September 2023. The 

water supply by Yamuna water supply scheme is projected to provide 11.75 

MLD by 2037 and 17.62 MLD by 2052 as described in the above paras. Hence 

the projected water demand as per requirement of permanent resident and 

tourist influx will be met from the water supply by Drinking Water Department. 

Mussoorie received annual precipitation of around 1822 mm. Therefore, the 

potential of rooftop rain water harvesting in order to meet the deficit of water 

demand is highly recommended.  

7.5. Waste Management 
 

For waste management, the Mussoorie area generates around 15 Metric 

Tonne Per Day (MTPD) during high footfall season while during non-tourist 

season it is 12 Metric Tonne Per Day (MTPD). A total of 150 waste 

pickers/sanitation workers are engaged in collection and segregation of the 

waste from different sources. This segregation and management can be 

achieved at local levels of source of waste generation such as homes, hotels, 
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schools, hospitals, restaurants, dharamshalas, etc. A bio-methanation plant of 

10-ton capacity is under construction for disposals of bio-degradable waste. 

7.6. Sewage Treatment 
 

The waste water generation of Mussoorie is around 8.15 MLD and the 

present sewage treatment capacity is 7.32 MLD with available 65741m sewer 

lines. Further, six new STP of 3.25 MLD are under construction. After 

completion of the proposal, the total capacity will be increased to 10.57 MLD. 

The performance of Sewage Treatment Plant (STPs) is being monitored by 

Uttarakhand Pollution Control Board on monthly basis, as per prescribed 

standards under the Environment (Protection) Rules 1998 (as amended). Water 

quality characteristics of pH, Biological Oxygen Demand (BOD), Total 

Suspended Solids (TSS) and Fecal Coliform (FC) are monitored in the inlet as 

well as outlet of STPs. As per the detailed analysis, the pH, BOD and TSS were 

found within the prescribed discharge norms.  

 

 

7.7. Healthcare Facilities 
 

A total of 18 health care facility / hospitals recorded in Mussoorie (12 

private and 06 Government) having 63 bedding capacity. The WHO standard is 

3 beds per 1000 population. So, the available health facility would be for 21,000 

population only. Therefore, the healthcare facility should be augmented and the 

capacity of hospital beds should be increased according to WHO standard. Total 

biomedical waste generated from healthcare facility is about 7.22 Kg / day, 

which is being treated and disposed through Common Biomedical Waste 

Treatment Facility located at Mandavar, Bagawanpur, Haridwar. However 

presently the healthcare requirements of tourist influx including emergency 
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service is being provided by nearest Multispeciality hospitals and other HCFs 

located in Dehradun which is adjacent to Mussoorie.   

Note: The above observations are based on collection of data from various 

sources (organizations, institutions, Govt. departments, etc.). Considering the 

eco-fragile nature of Mussoorie area, the further developmental activities can 

only be conducted with proper scientific assessment / study on geography, 

geomorphology and stability of the landscape. High resolution geospatial 

database of Mussoorie needs to created using high spatial resolution satellite 

data and drone based (LiDAR and broadband) imaging in order to assess 3-

dimensional loading of structures on the topography of the area. It would be 

worthwhile considering the detailed sector wise study to assess the resources 

such as land, water, forest cover, road capacity to meet the demand of 

population growth and section-wise planning for sustainable management.  

The monitoring related to above stated parameters of carrying capacity is 

being carried out by SCMC from time to time by seeking information from 

concerned departments, taking review meeting and field visits.  

**** 
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8. PREVENTIVE AND REMEDIAL MEASURES 
Mussoorie is presently the most popular destination amongst tourists, being a 

key adventurous and aesthetic tourist destination of the state Uttarakhand. The 

hill station is in the foothills of the Garhwal Himalayan range falls under the 

seismic zone IV. For better planning and management of available resources, 

the following preventive and remedial measures are needed to be undertaken: 

1. For tunnel and major civil structures projects like hotel, hospital etc. it is 

suggested that detailed engineering geological and geotechnical 

investigations should be done as per BIS Codes and construction 

permission should only be granted after clearance of the report from the 

State/Centre appointed Statutory Body. 

2. The MDDA should develop a GIS based Decision Support System (DSS) 

for the use of the decision makers, planners, managers and administrators, 

by putting all the data/information (i.e. geological, geomorphological, 

hydrological, environmental and developed infrastructures) of the 

Mussoorie Town area in an integrated high resolution (i.e., 1:10,000) 

common geospatial web-based platform, viz., geoportal. 

3. Proper examination of existing building and it may be necessary to 

strengthen the retrofitting of structures to prevent them from sliding or 

collapsing. This could involve underpinning or adding reinforcement to the 

foundations. Technical auditing of multi-story buildings (≥3) by experts on 

annual or biennial basis can be conducted at MDDA level to know about 

the health of the building.  

4. When repairing roads or building structures, it was recommended that the 

boulders not be removed by digging or blasting the hillsides. In landslide 

prone areas, stones and boulders should not be removed from the bottom of 

the hill because this would remove toe support, increasing the likelihood of 
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landslides. It is necessary to fill in any cracks that have appeared on the 

slopes.  

5. Provision of effective drainage system should be ensured. Due to the lack 

of proper surface draining system, the rainwater of most of the buildings is 

being infiltrated into the ground which generates sub-surface flow and 

accelerates the process of land creeping resulting in damage to buildings 

and other properties causing economic and environmental disruptions. For 

safeguarding the buildings and environmental conservation, it is necessary 

to ensure that the rainwater of each building roof is being drained out 

properly into the nearest natural drainage line. 

6. Phytoremediation of degraded slopes can be initiated, that can help to 

anchor the soil and prevent erosion. Broad leaved native trees can be 

promoted for stabilizing slopes, especially in the landslide prone areas. 

7. Water availability concerning to current demand in summer and winter 

months should be maintained and proper supply system to be ensured. 

Recharge / rejuvenation of natural springs should be explored with 

scientific intervention. Natural spring in the region should be monitored 

and re-charge activities (proper plantation) can be initiated on proper 

scientific basis. Springs (act as natural piezometers) are good indicators for 

any change in the groundwater in the mountainous area. Therefore, there is 

an urgent need to inventories all springs located in the vicinity/periphery of 

Mussoorie towns. Their periodic monitoring may be a good tool for 

detecting any natural calamities events in advance in the mountainous 

regions. 

8. Spring-shed rejuvenation and management activities can be initiated on 

proper scientific basis for safeguarding and augmentation of the discharge 

of the springs and subsequently the local streams fed by springs. Since 
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most of the water supply schemes of Mussoorie town are from the local 

springs/brooklet, incentive-based mechanism (IBM) can be adopted for 

effective protection and preservation of the springs/brooklet. Beside that 

recharge zones shall also increase soil moisture content which will help in 

enriching biodiversity through natural regeneration of trees, shrubs and 

grasses, etc. and shall increase both flora and fauna in the forest. On the 

other hand, due to increase in soil moisture content on forest land the 

incidences of forest fire, which are causing irreparable loss to environment 

and the entire ecosystem will be controlled as a result of this mitigation 

measure. 

9. Roof top Rain water harvesting can be promoted to meet the deficit water 

demand, at least in the peak tourist period.  

10. Open rain water seepage must be stopped through the construction of a 

pucca drainage system. Water should not be allowed to accumulate in any 

depression; instead, drains should be built to transport it to safe areas. 

11. Proper sewerage network and appropriate treatment facilities should be 

ensured. The sewage water should not be allowed to percolate or connect 

with natural ground water. Feasibility of reuse of treated water for 

secondary uses can be explored.    

12. Construction of new buildings are already restricted. Further, the new 

/additional construction related extension should be properly monitored. 

All the building foundations should be mapped by a competent engineering 

geologist to know about the safe bearing capacity of the foundation and 

treatment of cut slope. In consultation with the designer, type of foundation 

(footing, strip, raft) and height of building can be finalized. Then only after 

this, the map can be submitted to MDDA for approval. 
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13. The regulations related to waste management should be strictly followed. 

Dumping sites around water bodies should be strictly restricted to prevent 

pollution threats on the important sources of drinking water of the city. QR 

code based Digital Direct Refund System should be implemented for 

management of plastic waste. IEC activities to be promoted amongst 

visiting tourist towards solid waste and plastic waste management. 

14. Strict measures should be made to promote the usage of biodegradable 

materials and ban on use of Single Use Plastics (SUPs) items should be 

strictly enforced.  

15. Local people should be involved in the Environmental Conservation 

programs and awareness/training on landslides, mountain risks, etc. to be 

initiated. 

16. Registration of tourists should be done according to carrying capacity of 

the area, especially the available parking space, guest room availability, 

etc. Tourist can be charged for visiting the Mussoorie area and the payment 

can be utilized for managing waste and cleanliness. 

17.  New construction can be allowed for land owners/local inhabitants as per   
plan and by-laws of building construction of MDDA and carrying capacity 
with a specific control on height of the building, slope percentage, drainage 
and control construction in freeze zone. 

18. At present, the preparation of Master Plan of Mussoorie is in progress. The 

mitigation and preventive measures can be incorporated in the Master Plan 

for sustainable development. 

19.  For the smooth traffic management and to avoid traffic congestion the total 

number of permissible vehicles may not be exceeded beyond the capacity 

of parking facility provided by Nagar Palika, Mussoorie, Tourism 

Department, MDDA, Hotels, Dhramshalas, Gurudwaras etc. The road side 
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parking may be allowed subject to free-flow of traffic as managed by the 

local police. 

**** 
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Minutes of the Meeting held on 13.02.2023 under the Chairmanship of Chief
Secretary, GoUK at Uttarakhand Secretariat with respect to the matter of Compliance
of Hon’ble National Green Tribunal Principal Bench, New Delhi, order dated
31.01.2023, in O.A. No. 51/2023.

Following participants were present in the meeting :-

1. Sh. R.K. Sudhanshu, Principal Secretary Forest & Environment, Government of
Uttarakhand.

2. Sh. M.C. Ghildiyal, IFS (Rtd), Secretary, SCMC, Dehradun.
3. Sh. S.P. Subudhi, Director, Environment Conservation & Climate Change

Directorate, Dehradun.
4. Sh. S.K. Pattnaik, Member Secretary, UKPCB, Dehradun.
5. Sh. Dharm Singh Meena, Addl. Secretary (Forest & Environment), Government of

Uttarakhand.
6. Dr.Vikram Gupta, Scientist F, Wadia Institute of Himalayan Ecology,

Dehradun/Committee Member.
7. Sh. Chandan Singh, Chief Environment Officer, UKPCB, Dehradun.

Following committee members were connected virtually:-

1. Prof. J.S. Rawat, Kumaon University, Almora.
2. Dr. H.S. Venkatesh, Director, National Institute of Rock Mechanics, Bengaluru.
3. Dr. Prashant Gargava, Member Secretary, Central Pollution Control Board, Delhi.
4. Dr. K. Chandra Sekar, Center Head, G.B.Pant National Institute of Himalayan and

Environment, Almora.
5. Dr. S.S. Rawat, Scientist-E, National Institute of Hydrology, Roorkeee.

         With the permission of the Chairman of the Committee, Principal Secretary (Forest &
Environment) welcomed all the members and gave brief background of the Hon’ble
NGT order, dated 31.01.2023 in O.A. No. 51/2023. He informed that Hon’ble NGT has
directed for a specific Carrying capacity study for Mussoorie. This study should cover as
how much construction can be allowed in Mussoorie and what safeguards are to be used for
existing building’s and for other aspects as traffic, sanitation, management and maintaining
ecological integrity in terms of soil stability and flora/fauna. The study will assess the
carrying capacity of Mussoorie & systematic plan as envisaged in the order. As Mussoorie
comes under the Doon Valley Notification area, notified by the MoEF&CC in 1989. In
order to monitor the activities under this area an expert committee was constituted by the
Hon. Supreme Court in 1989. Hence, the Secretary, Hon’ble Supreme Court Monitoring
Committee (SCMC) was requested to give an overview on the past and present status of the
area, changes, studies conducted and actions taken up, so far.

2.   Secretary, SCMC, Mr. M.C. Ghildiyal made a detailed presentation on the background,
need of constitution of SCMC and highlighted the details of population growth, land use
change pattern and water supply sanitation needs in last three decades. He informed that
carrying capacity study of the Mussoorie was already done in 1998 and in 2011. Though, he
emphasized for the further study on carrying capacity covering all the aspects. He informed
that phenomenal changes have been occurred in Forest area, Agriculture, Built-up area in
these years. The study on change in land use in Mussoorie shows that 72.57% of the area in
Mussoorie comes under forests and attracts the provisions of Forest (Conservation) Act,
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1980. The land under agriculture however has reduced on the account of building
construction. The population growth, increase in tourist in-flow has resulted in increased
demand for water supply and requirement of sewage system and waste management. After
having presentation done, Chairman of the committee ingeminated that Hon’ble NGT has
also ordered to carry out detailed study on construction in Mussoorie. Hence, he invited
comments/suggestions of other committee members, too.

3.      Dr. Vikram Gupta, Scientist ‘F’, Wadia Institute of Himalayan Geology, Dehradun
informed that they have carried out a carrying capacity study for Shimla in H.P. and also
conducted study for Nainital and Mussoorie last year and informed that the findings of the
study show that geological conditions are very weak in Mussoorie and Nainital, the later
being more sensitive geologically. He also informed that lime stone in Mussoorie is very
weak, there are micro cracks and don’t have strength, so construction should be completely
banned. The Erratic Rainfall Pattern is in short time and intensity is heavy. It was requested
by the Chairman that the details of the previous study be shared which will help in further
planning and a brief presentation may also be made before the committee in the next
meeting.

4.      Dr. Prashant Gargava, Member Secretary, Central Pollution Control Board felt the
need for study of Hydrology, hydro-morphology and carrying capacity of Mussoorie and
accordingly suggested remedial measures. He also suggested that first compilation of
available studies on different aspects can be carried out and secondly appropriate agency
can be engaged for study further. He also emphasized the study to be carried out for current
status and emphasis on population, municipal solid waste, water requirement and vehicular
movement in study area should be given. He suggested that action plan has to be submitted
to Hon’ble NGT to adopt better technology and waste management.

5.      Prof. J.S. Rawat, Kumaon University pointed out that Mussoorie town is situated on a
complex geographic environment in the proximity of the main boundary thrust composed of
highly fractured, shattered and sheared structurally weak rocks, i.e. mainly limestone and
dolomitic limestone. In Mussoorie there are springs and tributaries which flow from North
to South and these are rain-fed which are gradually drying. Therefore, enough water
conservation measures have to be made. Geo-morphologically, the chemical weathering
and chemical erosion both are very active in Mussoorie hill area which accelerates the
geomorphic process of mass wasting, i.e. creeping. Creeping results horizontal and vertical
cracks in the area. The entire area is environmentally fragile. He suggested that the cutting
of trees should be prohibited and height of buildings should be monitored and rejuvenation
of the springs shall be carried out. He said that there is an urgent need for mapping of
surface recharge zones of all the springs/streams of Mussoorie hills using GIS and Remote
Sensing technologies.

6.      Dr. H.S. Venkatesh, Director, National Institute of Rock Mechanics (NIRM),
informed the chair that Dr. A.K. Naithani, Head of Engineering & Geology will participate
in the forthcoming activities of the Committee.

7.      After due discussion and deliberation in the matter, the following decision has been
taken by the Chairman/Chief Secretary, GoUK :-

i. G.B. Pant National Institute of Himalayan Environment (GBPNIHE), Almora will act
as a “Nodal Institute” for this study. Hence, a ll the studies available with the
respective members and institutes, shall be be shared with  GBPNIHE, Almora. Dr.
K. Chandra Sekar, Center Head (GBPNIHE), Almora will lead the study and
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compile the various studies available on different aspects wrt Mussoorie. on Relevant
reports on geology, tourism, pollution, drainage, sewage, environmental
sustainability, carrying capacity etc. shall also be taken into account and  different
gaps should analyzed. After that compiled report will be shared with all the
committee members for further suggestions/comments.

ii. All committee member will share their/Nodal Officers mobile no. and e-mail
addressess to Dr. K. Chandra Sekar, Center Head (GBPNIHE), Almora to whom all
available study/present data be communicated.

iii. Member Secretary, UKPCB will formulate a What'sApp group with all team
members and officials to coordinate and plan away with submission of
ideas/suggestions & proposals. Member Secretary, UKPCB will also work as nodal
authority in this matter to organize regular meetings and coordinate with committee
members/institutes and Hon’ble NGT.

iv. A specific designated cell could be engaged in UKPCB for collection and
compilation of information/data and preparation of report as decided by the
committee.

v. Chairman instructed that related departments namely- MDDA, Urban Development,
Drinking Water, Forests, Transport, Housing, Disaster and USEC shall also be called
in next subsequent meetings.

vi. Next meeting shall be organized in next two weeks.

                   At the end of the meeting chairman thanks all the participants.

  

 
(V.K Yadav)
 Secretary

 
GOVERNEMENT OF UTTARAKHAND

ENVIRONMENT PROTECTION & CLIMATE CHANGE SECTION
No.-    @XXXVIII-1-2023

DEHRADUN% DATED%    FEBRUARY, 2023
 
Copy:- For information and necessary action.

1. Senior Personal Private Secretary-Chief Secretary, Uttarakhand.
2. Personal Secretary-Sh. R.K. Sudhanshu, Principal Secretary Forest & Environment, Government

of Uttarakhand.
3. Sh. M.C. Ghildiyal, Secretary, SCMC, Dehradun.
4. Dr. H.S. Venkatesh, Director, National Institute of Rock Mechanics, Bengaluru.
5. Director, Space Application Centre, Ahmadabad.
6. Prof. J.S. Rawat, Kumaon University, Almora.
7. Dr. Prashant Gargava, Member Secretary, Central Pollution Control Board, Delhi.
8. Dr. Vikram Gupta, Scientist F, Wadia Institute of Himalayan Ecology, Dehradun.
9. Dr. K. Chandra Sekar, Center Head, G.B.Pant National Institute of Himalayan and Environment,

Srinagar/Almora.
10. Dr. S.S. Rawat, Scientist-E, National Institutue of Hydrology, Roorkee.
11. Sh. S.K. Pattnaik, Member Secretary, UKPCB, Dehradun.
12. Director, Environment Conservation and Climate Change, Directorate, Dehradun.

        By Order,
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(Dharm Singh Meena)
     Addl. Secretary
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The suggestion for carrying out land use/land cover and hydrological study of Doon
/alley was mooted by Mr. D. Bandyopadhyay, tt/ember, SCI\/C, in one of the meetings and
ater, on Mr. Hugh Gantze/s suggestion to include Mussoone area outsrde Doon Valley in
:'.e proposed study, was also accepted The study was entrusted to Uttarakhand Space
Appiication Centre. Dehra Dun.

\^/hile the study on land use to find out the changes over a period of time by remote
sensing, supported by the field inspections, was continuing, the idea of updating the 1998
study on Carrying Capacity of Mussoorie, which encompassed issues like facilities
'elated to health, waste management, water and power supply, accommodation for tourists
and other infrastructure etc, occurred to the undersigned.

This report is compilation of the study on landuse and reports collected from various
Cepartments, and comparison of the same with the data / study compiled in 1998 study on
3arrying Capacity of Mussoorie. lt is in no way claimed to be the original work, and at places
lven the reports may have been quoted verbatim. The assumptions/yardsticks/norms
adopted in 1998 Study have been adopted in this compilation also.

The following literature /reports were consulted for bringing out updated study on
:.arrying Capacity of Mussoorie (2011). The contribution of the authors of the following
ierature/reports is thankfully acknowledged.

' Landuse Study for Mussoone by Uttarakhand Space Application Centre (USAC)
Dehra Dun

: Seismic threat in Uttarakhand - Study by Disaster Mitigation and Management
Centre, Govt. of Uttarakhand

' ltrlanagement Plan of Mussoorie Forest Division -2011 lo 2021

,, 1 998 Study on Carrying Capacity of Mussoorie - by NSDART

5. Reports from various Govt. Departments of Uttarakhand

a Report on Seismic hazard status of Dehra Dun/ Doon Valley - by Dr. A.K. Mahajan,
Wadia lnstitute of Himalayan Geology.

7. lnterim data of Census - 2011 published by the Directorate of Census, Uttarakhand.

This update on Carrying Capacity of Mussoorie is not the last word. There is lot of
scope for improvement in such reports. The omissions related to data, typographical
errors, etc. and suggestions from readers for improvement of the report are welcome
for future guidance. The undersigned is grateful to Ms. Florence R. Pandhi for proof
reading of the compilation.

(M.C. Ghildial)

. Secy. SCMC

I
I

246



I

I

Summary of Carrying Capacity of Mussoorie
(1998 Study updated in 201l)

, iLrssoorie township, situated at a height of 2000 mts. above msl, is spread over an area of
:5.81 sq. kms. on either side of Mussoorie ridge, of which 25.48 sq. kms. (part of the
.ratershed of Yamuna) falls outside of the Doon Valley, according to Notification of

_ 1.02.1989. Nevertheless, for the sake of comparison of the present study with the 1998
r :Jdy, this area has been included in the updated report for Mussoorie.

-he major factors impacting the environment and the infrastructure are Geology, Soil and
'tiimate, Population Pressure - both permanent and tourist which have direct bearing on
-ousing, water and power supply, sewerage, waste management and allied infrastructural
'ecilities, which brieflY are :-

1 Geology, Soil and Glimate:

Mussoorie, like the whole Himalayan mountain area, is very fragile and unstable. The
rresence of limestone in the area resulted in large scale devastation of vegetation, which
,vas ultimately stopped under orders of the Hon'ble Supreme Court, as a result of PlLfiled
ry RLEK. The soils, altitude and the climate are ma,or factors afiecting the vegetation.
-he climate varies from sub-tropical to temperate depending upon altitude, aspect and
'ications. While the climate of low lying areas is sub-tropical type, the higher reaches have
li'nperate climate. The average rainfall recorded in Mussoorie for 2000 to 2008 ranges from

15 mm in Octoberto M7 mm in July. The temperature ranges between -5'c to 32"c.

2. Population:

The population is one of the most important factors influencing the environment and
a.ology of the area. Whereas the density of the permanent population in 1901 (6461 ) was
98 per sq. km, it has gone up to 511 per sq. km. in 2011 (population 33651). During peak
season it goes up to 1000/sq. km. The projection of population tor 2021 in the 1998 study
was 55735 at the grorvth rate 2.05% perannum (20.50% decadalgrowth) which, asperthe
presentstudy based on census figures of 200'l and2011is 3862'l at 14.77% growth rate.

3. Tourist Population:

The estimated tourist inflow for Mussoorie in 1997 for January May and June was
3315, 15887 and 28265 respectively. The projection lor 2011 as per the 1998 study in
January May and June was 3602,'|'7259 and 30706 which as per the present study is
3870,22407 and 35556 respectively. The projection tor 2021 as per the 1998 Study in
January, May and June was 3821,'18310 and 32576 respectively, against the projection
workedout(asper inflow of tourists behiveen 2001 and2010) at 5748,33281 and528'11
for the corresponding months.

4. lnfrastructuralFacilities:

The infrastructural faciities for permanent as well as the tourist population are far from
satisfactory.

5. AccommodationforTourists.

The economy of Mussoorie is wholly dependant on tourists. The number of beds
available in 140 registered Hotels, Dharamshalas, Paying Guest houses etc. .was 9844 in
1998, which now has marginally increased to 13523 in 186 registered hotels etb; meaning I

I

I!
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thereby that 8884 tourists in May, 22033 in June and 8020 in July wilr have to return the !
same day owing to lack of accommodation in 2011. This number will increase to 20298 in i
May, 3S2'e8 in ..rIne and 1 8482 in July, unless matching facillties with regard to water supply. !.

accommodation, electncity and waste disposal etc. are created in due course. 
I

6. Health Facilities: t

The availability of hospitalbeds in 1998 study was 153, which has come down to 90 in I
2010-2O11; meaning thereby that the ratio ofbeds to persons whichwas 1:228in 1998has !
gone up to 1 : 444 due to increase in population on one hand and decrease in number of !
ivailable beds on the other. ldeally the nr.rmber of beds should be 200 in 2011 for population I
of 40,000 and 225 in 2021 for a projected permanent population of 45,000. The ratio of I
hospital beds to population in 2021 would be 1 : 500 persons if the number of beds remains i
static. This reflects the dismal picture of health care facilities for Mussoorie even for the
permanent population.The problem during the touristseason is not diffcult to imagine.

7. PowerSupply:

The growth of domestic and commercial electricity connections in 2010 has increased
to 5159 and 1717 from 3912 and 1483 in 1997. As per information from the power 

,

department, there is no power cut in Mussoorie. The department will, however, have to take i
care of the power supply due to increasing population. 

I

8. Traffic and Parking Facility: 
I

The traffic during the tourist season increases manifold with hardly any parking facility 
I

or a pragmatic traffic plan. The issue, however, is engaging the attention of the local i

administration and the govemment, which may result in augmentation in parking facilities
and the strict implementation of directions for plying of vehicles during prohibited hours .

9. Sewerage:

The sewerage system developed in '1934 by the British is almost outdated and
inadequate to take the load of the present population. The same is being replaced at a cost
of Rs.61.73 sores by laying about 63891 mts. of sewer lines, with 10 sewage treatment
plants to take care of estimated population of82436,95O43 and '108689 in the years 2011,
2O26 and20/.1 respectively . The expected date of completion is 2013.

10. WaterSupply:

The requirement of water for 2011,2026 and 2041 as per the estimate of Jal Nigam
would be 13 mld., 14.7 mld. and 16.9 mld. respectively, against which the reported
availability is only 9.18 mld. Awatersupply pOect worth Rs.182.28 crores for supply of 't 9.2
mld. water to caterfor the projected population up to 2044 from Yamuna by4 stage
pumping is under examination at the level of Govt. of Uttarakhand. lf the water supply is
not augmented by tapping water from sources like AglarAr/amuna rivers, the whole exercise
of laying sewer lines will become futile. Therefore, the water supply and sewerage proiect
should be implemented in such a way that they become operational simultaneously. ln
addition, the rain water harvesting measures which have been made mandatory while
approving plans for buildings need to be skicUy implemented by frequent inspections by
MDDAduring the construction phase.

11. Wasto tranagoment:

The estimated generation of waste in 2011 ranges between 12 to 30 tonnes during
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'4r-:)ar,-ae, an. geal season (June) which would go upto 18 tonnes in January and 37
ro.,i es rn :une ov 2021 ln addition to the local body NGOs are also engaged in waste

.;Ianageme.i anc disposal. The strength of sweepers has marginally gone up to 167
perminent and 60 temporary during peak season, compared to 153 and 50 respectively in

139g. This rmportant issue continues to be neglected despite the fact that the disposal of
waste rn touns.t tcwns like Mussoorie should be one of the priority Sectors. The Govi. of
Utrarakhand is contemplating taking up the projects under the City Sanitation Plan and

Asian Development Bank (ADB) Funded Scheme.

12. Master Plan:

The Master Plan for Mussoorie could not be prepared for want of survey of forest
ano non-forest land, which has now been taken up by Survey of lndia with a budget

Drovided by MDDA. Hopefully, after identification of forest and non-forest land, the picture

of landusewill beclearandthe Master Plan willbe prepared in the nearfuture.
' lt rnay be mentioned that the private eslates in Mussoorie are notified as private

forests and hence attract provisions of the Forest Consrvation Act, 1980. Therefore, the

- construction activity is expected to be limited, since the chance of approvalforsuch activity
cn a large scale on forest land by the Govt. of lndia under Forest Conservation Act, 1980 is
very remote. The!'efore, development of adjoining areas as satellite towns by identifoing
non-forest iand fitfor habitation needs to be seriously considered.

13. Land Use:

The comparison of land use done in 1 998 by NSDART with the one done by USAC in
2C 11 reveais thatthe land underforests, which had reduced by4.38 sq. km. between 1990,
nas increased bv0.121sq. kms. between 1997 and 2009. The density of forest has also
!i"nproved Derli een 1 997 and 2009 due to afforestation activity funded by the Supreme Court
Monitoring Committee, as a result of a cess imposed on mining . This is basically due to the
clarification and direction dated 1996 of the Hon'ble Supreme Court, mentioning that the
F.C. Act, 1980 will apply not only to notified and recorded forests but also to the forests by
dictionary meaning inespective of the ownership. The implication of the direction is that for
forest areas, approval for non-forest use has to be obtained from the Govt. of lndia. ln the
absence of the above clarification, construction activity was at its peak between 1990-1996
in utter disr-ega rd of the provisions of the Forest Conservation Act, 1980.

As per 1998 Study, about 11 sq. kms. of land in Mussoorie falls in the buitt up area and
only 2 sq. kns. is available for safe construction. The same position continues in 2011 also
since construction between 1997 and 2011 are by and large, renovation or reconstruction

- of existing buildings. The land in Mussoorie falls in Zone lV of the seismic hazard map.
Therefore, earthquake resistant buildings need to be constructed in future forwhich MDDA

. has already made provisions in the bye{aws. There is need to frame byeJaws for- dilapidated buildings constructed prior to 1984 i.e. before MDDA was notified, allowing
construction up to the existing height of the building, to en@urage residents to reconstruct
earthquake resistant buildings by a massive awareness drivefor retrofitting measures.

14. Conclusion: Mlssoorie being one of the most important tourist centres of the
country needs a lot of attention with regard to basic amenities, not only for tourists but also
the permanent population handling them. Tourists are the backbone of the economy and
livelihood of local people and hence, issues of water supply, accommodation, waste
management - both sewerage and solid waste and other infrasructural fucilities need to be
addressed on a priority basis. I

J

II

I

--t 249



I
Carrying Capacity of Mussoorie - 2011

1. Background:

Mussoorie Township, the "Queen of hills". is situated in the Lesser Himalayas or
either side of the ridge running east to west at an altitude of about 2000 meters. The towr
is famous as a tourist destination with an advantage of good rail, road and air connectivity
While the town has a number of educational institutions from the British days, the La
Bahadur Shastri NationalAcademy of Administration (LBSNAA) and lndo-Tibetan Boarde
PoliceAcademy (ITBP)are important establishments of the post independence period.

The main economic base of Mussoorie is the tourist sector with hotels, dharamshalat
and guest houses spread all over. The other economic activity taking place in Mussoork
area resulting in environmental degradation was unregulated limestone mining whict
caused unwanton destruction of greenery of these hills, till such time it was stopped as i
result of Writ Petition No.8209 and 8821/1993 filed by Rural Litigation and Entitlemen
Kendra (RLEK) against the State of U.P. and Others in the Hon'ble Supreme Court.

The Govemment of lndia, Ministry of Environment and Forests, in pursuance of th(
order of the Hon'ble Supreme Court dated 30.08.1988, constituted the Supreme Cour
Monitoring Committee vide No. O.M. No.1-140'15/10/83/Env. lA dated 14.09.1988 as ;

result of the aforesaid petitions relating to environmental degradation caused b
unregulated lime stone mining in Mussoorie hills. The mandate forthe Committee was t,

Iook after reafiorestation, mining activities and all other aspects necessary to bring aboL
natural normalcy in the Doon Valley, and to ensure that mining activity is carried out i

accordance with law, with appropriate safeguards from environment and ecology point c
view, and also to ensure that the scree is removed from the natural streams and the flow c

water is maintained. lt was further clarified vide order dated 09.04.1993 by the Hon'bl
Court that the purpose of the Committee was not limited to the question of mer
reafforestation in the areas in which scars on the earth were left behind by relentless pursu
of mining for profit, but also to monitor environmental issues in the Doon Valley.

The local body i.e. Municipal Board, Mussoorie, has the responsibility of civi
administration of the town. The development part of the city, however, comes under th
jurisdiction of Mussoorie Dehra Dun Development Authority (MDDA) created in t984 f(
enforcement of bye-laws with regard to existing and new constructions. The constructio
activity between '1990-1997 was at its peak when compared to 1990, the forest cov(
reduced by4.38 Sq.Km. by 1997and the built up area increased by 4.32 Sq. Km. ltwas not
case of only the fast pace of mnstruction but also of the unplanned construction i

violation of Forest Conservation Act, 1980, in notified private forest estates.

The Supreme Court Monitoring Committee (SCMC), to control haphazat
constructions, filed a Writ Petition (W.P. No.749/1995) against MDDA & Others in th
Hon'ble Supreme Court when the Hon'ble Court vide order dated 10.07.1996 clarified thr
the private forests attract the provisions of F.C. Act, 1980 and as such for non-forestry use r

the areas notified as Forests will have to be obtained from the MOEF, Govt. of lndia. Th
land mark judgment of the Hon'ble Court put a curb on construction activity which carr
down drastically ftom 1997 onwards.

I
4

Irl

250



t I
The Supreme court Monitoring commiuee in 1997 sponsored the study on carrying

r-.n,nitv of lr,,iusSoorie tO aSSeSS the environmental StatuS Of MuSSOOrie in the larger Context

;i";;;-";J non-urban tanduse and the canying capacity of the urban structure. The

Ii,,aLi""- -rorised of Dr. H. Ramachandran & Dr. Neera Ramachandra, Shri Padamvir

Sl;;i.ta Seema Joshi, Shri A.W. Khan, Ms. Saloni Goyal, Shri RK' Bharatdwaj, Ms'

M;ilri Negr.National Society for Promotion of Development Administration, Research

and Training - LBSNAA, Mussoorie'

I

f
2.
(i)

(ii)

(iii)

(iv)

(v)
(vi)
(vii)

Objectives of the 1998 Study by NSDART were

preparation of a detailed land use map;

preparation of a set of map over lays based on building regulations, zoning norms and

slope stabilitY;

preparation of a detailed map identiflTing hazard prone zones;

estimation of carrying capacity of the Mussoorie Urban Agglomeration with particular
reference to available urban infastructure;

establishment of bench marks forwater and air pollution at selected points in the city;

est,mation of demand forwaterand power; and

details of people's perception on environmental problems based on a household survey;

I
t

The study done by NSDART covered the municipal limit of Mussoorie, part of which
(25.48 sq. km. watershed of Yamuna) falls outside the Ooon Valley Notification.
Nevertheless, for the sake of comparison, the area covered by the 1998 study has been
included in this updated report also adopting, by and large, the same yardsticUnorms/
assumptions as in the 1998 study .

3. Perception of ResidenG:

The residents' perception of unplanned construction, traffc problems, and water and
power supply, local health facilities, disposal of waste and consequent policy issues have
already been dealt within the study of 1998 and therefore, resurvey was neither considered
necessary nor it is a subject matter of the present study. The problems prioritised by the
various interest groups and the suggested solutions in the study caried out by NSDART
hold good today.

The major indicative solutions ofiered by the respondents during 1998 study
conducted by NSDARTaTe as follows :-

Table 3: Maior lndicative Solutions Offered by R€pondents

Problems relating to l\,lajor indicative Solutrons offered

Essentially repairand maintenance, railing, expansion of parking hcilities at
Masonic Lodge, Library and Kings Craig. additional traffc police during peak

season, mnstruction of chuna khala road, development of 500 acre land
purchased by tounsm department in Jharipani, bussnnection between

Jhanpani and Mussoone be improved.

WaterShortage Expansion of storage and pumping facility, better distribution system within
he city.

PowerShortage Power cuts in hill areas should be totally stopped, modemization of Galogi
power house, befter maintenance of transformers. I

5

lrI

Road congestion/ Parking
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LanC DevelopmenU Housing

Unemployment

Health

Education

Removal of encroachmenrs. construction of houses for local populatic

should be permitted, the role of the MDDA should be restncted to outsid

City Board limits and the development role within the city should be restore

to the City Board, ban on commercial constuction within and on tl'
periphery of Mussoone, redefining of forestarea within the city limits.

lmplementation of self+mploynent schemes, establishing smail sca

?ctivities such asdairy poulw etc. and at UPSMDC complex.

Augmentation cf health facility inciuding special services

Establishment of affordable schools and higher education/vocatron

education

Source: Iable 2.9 of 19!16 study by NSDART

4. Factors impacting the Environment :

The majorfactors impacting the environment are :-

(a) Locality Factors -Geology, Soil and Climate -

Mussoorie, like the whole Himalayan mountain area, is very fragile and unstable. Tl
detail of rocks of various geological ages from Central Crystalline to Neo Tal Group found
Mussoorie is given in the following table.

l-ocations

(4)

North and South of Mussoone.

Around Mussoorie

-do-

North of Mussoorie

North and South of Mussoorie

North of ad river

The presence of lime-stone, and hence its quarrying around Mussoorie, resulted
large-scale devastation of vegetation which ultimately was stopped underthe orders of I
Hon'ble Supreme Court, as a result of, PIL liled by the Rural Litigation and Entitlem(
Kendra (RLEK).

Soils-
The soils are good indicators of the vegetation in a particular place. Four types of s

namely, red loam, brown forest soil, pod sol and readow soil are found in Mussoor
Whereas red loam is without organic matter and found on slopes and ridges in dry areI

6

!lI

Serial
No.

Group Rocks

(1) (2) (3)

1 Krol Group Lime-stone, Marble, Dolomite

(a) Tal Group Lime-stone, QuarEite, Rocks
with Phosphorite

(b) lnfra-Crol Shale and Slate

(c )Blaini Dolomite, Lime-stone,

Boulder, Slate, QuarEite

2 Nagthat Quarkite with Schist and Phyllite

3 Chandpur Slate, Shale Phyllite , Ouartite

I Waste Management
I

Better monitoring of safai karamcharis, expansion of sewerage systen

shifting of dumping ground away from built up area, construction of mor

public toilets, and pay toilets, awareness campaigns, provision of prop(

stable lacility for horses/mules.
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I I
:rrcw. irlr.3si scii wtih organic nlatler in sizeable proporllon is found in maior forest ar-eas

po'o ,o i . iorry and folnd in pockets in shady places. l/eadow soil, usually found near

*;i";.ir.;;; and coot low lying shady places, remains rnoist and during winter a thick

matting of frost covers the soil'

Climate-
The height of Mussoorie and ad.ioining areas is around 2000 Mts. There are four

seasons in Miissoorie namely Spring - March to mid June, Summer/rainy Season - mid June

i" ,-iJ-S"pte.Oer, Autumn - mid-September to mid December and winter- mid-December

to mid-March. The climate varies from sub{ropical to temperate depending on varying

altitud€. aspect and the locatlons. While the climate is sub{ropical in lower reaches, it turns

temperale rn higher altitudes where snow fall during winter is quite common.

The average rainfall as recorded for Mussoorie from 2000-2008 ranges between 36 mm

to 647 mm with maximum precipitation during July andAugust. Thetemperature variesfrom -
5'c to 32'c with peak winter during December-January and summerduring May-June.

5. PoPulation -
Popuiation pressure is the most important factor impacting the environment. The ever

increasing population has a direct bearing on the increasing demand for housing, power and
water supply, health facilities, sewage and sanitation etc. The permanent population of
Mussoorie for the year 1901 to 2011, asalsothe projection for 2021 based on the annual
growth rate of 14.77% (the population in 2011 is 33,651 i.e. an increase of 4,332 in 2011 over
the population of 29,31 9 in 2001 ), is as follows:

Table 5.1 : Mussoorie Urban Agglomeration - perrnanent population & Growth
Rate

Year Population as per
1998 study.

Population as per
Census Report

Growth
Rate (%)

19C1 I 6461 6461

1911 8052 8052 24.62

9702 9702 24.49

I'J L 6116 6116 -36.96

7172 7172 17.27

1951 8550 8550

1961 11238 11238 31.M

1971 20389 20389 81.43

1981 '18233 18233 -10.57

19S 1 29629 29629 62.50

2001 29319 -1.05

2A11 45,853* 33651 (provisional) 14.77

2421 55,735- JOOI I

*The projection for 2001, 2011 and 2021 in 1998 study is based at 2.050/o annual
growth (10.25% Quinquennialgrowth) over 1991 census figure .

.. The proiection for2021 in the present study is based on the census figuie of 201i at I
7

II)

19.21

37723.
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t
a decadal growth rale ol 14.77o/o lor Mussoone between 2001 and 201 1 .

Forthe purposes of calculation of population pressure, waste generation, demand f,

water etc. the poputation for Mussoorie has been adopted as 40,000 (say 34,000 + 6'0(
boarders in schools). Similarly, at the decadal growth rate ot 14.77o/o, the estimat€
population lor 2021 would be around 45,000 (say 39,000+ 6,000 for the boarders). Tt
projected population pressure in 2011 and2O21is as perthe following table ;-

Table- 5.2 - Projection of Population Pressure in2011 and2021

Proiected
population
pressure/

day in
2021.
(2+41

(Table6.4,
Col.8)

6

50748 41317

56137 (4339t

54710 (6855(

60688 (7130i

78281 (80073

97811 (9433(

77005 (82245

63097 (6770i

60854 (6702t

62173 6802t

54705 (6735;

54571 (430&

Figures in parentheses are based on Appendix - 5 (Scenario -1) in 1998 study t
NSDART.

6. Tourists inflow to Mussoorie :

(a) There is a sharp seasonal fluctuation in population on account of tourism. T
statistics for 1990-96 collected during 1 998 study by NSDART are as follows:-

Table: 6.1 : Tourists in-flow to Mussoorie (1990-96)

AYerage All
Tourists (1990.96)

51532I
Ittl

Proiected
Tourist days

in 2021 at
4.53%

grorvth rate
of tourisb
of 20'11

i.e of col.3

Population
pressure
/day in
20l1 at
40,000

permanent
population

+ Col.3
(Table-6.4,

Col.7)

Month Projected populatio
in 2021 a|14.77"/o

of decadal grolvth
rate over 2011 '

population.

Proiecled
Tourists days

@ 3/day in
tlay - June
& 2/per day in
remaining

months
in 2011

a 2 J 4 5

January 45,00c 3870 5748 43,870 (34674)

February 7498 11137 47,498 (36592)

l\.4arch 45,000 6544 9710 46,544 (58284)

April 45,000 10562 1s688

May 22407 33281 62,407 (69140)

June 45,000 35556 75,556 (82s87)

July 21548 32005 61,548 (71191)

August 45,000 12184 18097 52,184 (57484)

September 45,000 10674 15854 s0,674 (56843)

October 45,000 1'1562 17173 51,434 (57784)

November 45,000 6534 9705 46,534 (57154)

December 45,000 6444 46,444 (36367)

Year Average lndian
Tourists (1990-96)

Average Foreign
Tourists (1990.96)

January 360372 50

I

45,000

50,562 (60876)

45,000

52811

45,000
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I I

I

March

April

May

July

Source: Table 3.5 of 1998 study by NSDART

(b) Projection of Tourists' Population : The figures/projections for various years from
1997 tc 2C21 , oased on the average of month-wise anival of tourists from 1990-1996, as
wcrked out in the 1 998 study by NSDART, are as under:-

6.2 Tourist- flow per day - Estimates (Mussoorie)

Source: Tabte 3.11 of 1SA *uOy 6y ltSoART.

(c) Tourist inflow to Mussoorie(2oo1 .2010) -The details of tourist inflow between 2001-
20't0 as reported by the Department of Tourism (Table-6.3), as also the projection of
population pressure per day based on the assumptions in 1998 study and prglection for
2021 as per present study, are as perthefollowing table:-

I

456536 65295

638536 113 91362

863634

977264 161 163038

1755263 140 281017

1323500 t0J 274481

475000 141 79310

September 409000 ico b6JJZ

Octooer 500000 83461

November 437000 72935

407000 75 67908

Ir997 2001 2006 2011 2016 2021

JJ I) 3395 3497 3602 3710 3821

4803 4947 5427 5067 5406

fuiarch 5E94 6036 6217 b4UJ 6595 6793

April 8280 u78 8733 8995 9264 9542

tulay 15887 15887 16756 17259 17777 18310

June 28265 28943 29811 30706 31627 32576

J uly 17775 18201 18747 19310 19889 20486

August ^1to 5771 5944

September 4568 4678 48'15 4962 5111 5265

October 5434 5564 J/JI 5903 6080 6262

4853 4970 5119 5273 543'1 5594

December 4421 4527 4663 4802 4946 5095

!I I

F

Auoust

December

u40 5603

November
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I=t

Year/ ------r

Month

I

2001 2002 2003 2004 2005 2006 2001 2008 2009 2010 Average no.
oftourists
in l0 years

1 2 3 4 {i 7 I 9 10 11 12

January 510r0

101

59637

122

596i5

120

59995

r65

621'15

130

59798

230

59990

212

60430

218

62745

236

62800

245

February 96570,

140

96735

110

96840

075

96800

210

105205

170

105215

372

112110

357

112235

362

112415

382

112918

380

101195t\,4arch 98650,

357

98990

360

99105

273

99125

306

99415

235

101015

4U

101126

517

110170 101180

518
101429

,]April 159690,

2U

148770

298

'152015

340

156310

3't0

156600

4y
158000

450

162970

521

'!63110

530

163690

548

158895

546

236525

485

352240

372

192250

572

May 226150,

333

2264fi

305

226530

330

232130

180

232145

345

232250

501

232750

490

230045

492

23M't5

4U
231535

355570

334006

188874

160136

June 332950,

265

364015

143

366300

'158

345450

260

345540

324

358115

367

358250

370

359010

372

360200

370

July 314203,

2W

356190

215

332015

344

332600

189

3330'15

341

333110

419

333120

438

333630

430

334145

438

August 175210,

2U

184590

256

185315

310

185890

315

192150

309

192165

554

192190

566

192495

568

192200

569

SBpt. 158590

324

158845

326

158990

223

'160110

2n

160100

213

160215

360

160215

368

160395

376

160400

392

't60295

394

I

Table 6.3: Month and year-wise details of Tourist inflow - Mussoorie

334430

489

104960
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I

I=f
II

ffi

Growth Rate of Tourists in 2010 compared to '1996:

(No. of tourists in 2010)- No. of tourists (199Q) x 100
No. of tourists (1996)'.

2111299 - 1421423 x 100 = 48.53%
1421423

" Ref. Appendix lv - '1998 study by NSDART

I

-
0ctober 168900

198

169110

208

170315

287

't79325

183

97190

!:_
98710

210

179330

304

1)ll150

4(i:,

99340

214

177335

680

98350 l

__587 _l
99395

305

2074963

5309

179390

690

98498

588

99790

307

180640

712

98610

638

104978

332

2106378
5545

180990

762

98S90

_915 _
'101758

315

2105'128

5869

177236

grJU10

Loruru,
I mze

NoYember u715

310

770

312

December e5q40

188

Iolal lndian
Forclgn

1972578

3068

2054212
2863

20i11605

2986

2043635

2683

2063335

3547

2090399
5424

1975645 2057075 2044591 20463'18 2066882 2080272 2095823 2111923 2110937 2111295 20700816

*,r

First row represents lndian tourists and second represents foreign tourisls.

97110

314

97395

L

96110

208

182210

795

102880

2105333

5966

326

98695

840

Grand Total
(lndian and
toreign
tourists)
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I
Projection of population for 202'1 for Mussoorie @ 14 77o/A decadal growth rate woulr

be say 45,000 (38,621 permanent population + 6,000 boarders in Schools= 44621 ) as pe
table below:-

Table - 6.4 - Projection of Population Pressure in 2021

Projected
population
pressure

/day in
2021.

12+41

6

50748 41317

56137 43395

54710 68556

60688 71305

78281 (80073

97811 110\

77005 82249

63097 67707

60854 (67028)

62173 (68025

54705 67357

54571 43084

Figures in parentheses are based on Appendix - 5 (scenario -1 ) in 1 998 Study by NSDART.

Table: 6.5 onth and year-wise details of Tourist inflow - Mussoorie (2001- 2010

Proiected
population
pressure
in2021
as per

Table 6.4 .

50748
(41317)I

t2

$l

Month Proiecled population

in2021 al14.f7oh
of decadal growth

rate over 2011

population.

Projected
Tourists days

@ 3/day in
May- June
& 2/per day

in remaining
months in 201'l

Projected
Tourist days

in 2021 al
48.53%

gro$ih rate
of lourists
of 201,l i.e of

col.3

Population
pressure

lday in2011
(Ref. Table 5.2)

? 3 4 51

45,000 3870 5748 43870 (34674)Janua ry

7498 11137 47498 (36592)February 45,000

6544 9710 46544 (58284)fularch 45,000

10562 15688 50562 (60876)Apnl 45,000

45,000 22407 33821 62407 (69140)May

45,000 35556 52811 75556 (82587)June

45,000 21548 32005 61548 (71191)July

Auqust 45,000 1218/ 18097 52184 (574U)

10674 15854 50674 (56843)September 45,000

11562 17173 5143/ (577U)October 45,000

6534 9705 46534 (57154)November 45,000

u44 9571 46444 (36367)December 45,000

Month Permanent
Population

in 2010

Average
no. of
tourists
(1990-

1996)
Ref. Table
3.5 ol ,1998

Study

Average
no. of

tourists/
yoar

2001.2010
(Col.'t2 of
Table 6.3

Tourist /
day (col.4
divided

by no. of
days in

the
month)

Tourists
days @

3/day
in ilay
- June
& ?per
day in

remaining
months

Population
pressure
/day in

2010 .11.

(2 +6)

21 J 4 5 b

January 40,000 51532 59998 1935 3870 43,870
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59998

r

I
l3

February 40.c00

tr,c!,3s - ..-.: riteses) in column 8 are projections workeC out in 1998 study at 2.C5%
grc,rlr .aia.e- annum by NSDART. lt may be mentioned that in tne 1998 study tlre
popuialic. .1,r.;ng wintermonths has been taken to be 65czc of the inseason popuiation ln
lhe 9.ese.i s''-rd' permanent population figureof 40.000 has been adopted round theyear
fcra.r\,,'.g at ilre population pressure basedon the provisional census figure of 33,651fcr
20'l-1 frcm the Directorate ofCensus Uttarakhand + 6,000 boarders in the schools .

Assunpticns rn colurnns 4,5 & 6 are the same as in the study on Carrying Capaciry of
lllrssoone i.e. it is assumed that the average tourist spends 3 days in Mussoorie rn May
and June and 2 days in other months. The average tourist arrival in a month (col.4) was
ccnverted into the number of tourists per day by dividing the same with the number of days
in the month (col.5) and the figure was multiplied by 2 to estimate the number of tourist
days in a month (col. 6). To obtain figures of population pressure per day the permanent
population for each month was added to the tourist per day in the month (Col. 2 + 6=7\.

For example for estimating tounst pressure in Jan. 20'10 the figure comes to 3870 as
per details below:- .

Average No. of Tourists in 2001-20i 0 in Jan

Tourists per day at 2 per tourist 59998 = 1935
31

1C496C 37 49 7198 47 498 56137
(43395)

larcn 40,000 4D 34+ u71C
(68556)

60688
(71305)

May 40,000 163038 231535 7469 22147 62,407 78281

{800731

35557C :l- 97811

(94339)

July 40,000 2i4081 334006 1077 4 77005
(82249)

August 40.000 79310 188874 6092 121U 52 184 63097
(67707)

September 40,000 6E332 1601 36 5337 10674 50,674 60854
(67028)

October 40,000 83461 179236 5781 | f,oz 51.562 62173
(68025)

40,000 72935 98010 3267 6534 46.534 54705
(b/J5/ )

67908 99897 3222 6441 46.W 54571
(43084)

I

l

1

61 548 

|
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l4

3. No. ofTourists'days - 2 x 1935=3870
(no. of days spent in January)

4. Population pressure per day in - 40,000 + 3,870 = 43,870
January, 20'! 0

7. Accommodation forTourists :

The economy of Mussoorie is wholly dependant on tourists. As per record of th(
Department of Trade Tax, responsible for registration and collection of tax from hotels, ther{
are 186 registered hotels with provision of 11.707 beds for the tourists. ln additior
gurudwaras, dharamshalas and paying guest houses can accommodate 1 816 tourists. Th,
table below compares the accommodation available in 1997 (1998 Study) and in 2011:-

Table 7.1: Beds available for Tourists in Mussoorie

2011 study

11,707

1598

218

13,523

The figures for 1998 under serial no.2 & 3 above have been repeated in 2011 als
since there has been no recorded change in accommodation as per local informatior
Thus, accommodation foronly 13,523 tourists is available in Mussoorie for ovemight stay.

From the Table 7.1, it would be seen that during April, May and June , the arrival ,

tourists is much more than the available accommodation, and it is estimated that .
againstthe available accommodation, for 13523,8,884 tourists in May, 22033 in June ar
8020inJuly haveto retum thesameday owingtolackof accommodation. By 2021,
the present growth rate oftourists inflow 20,298 tourists in May, 39,288inJuneand 184[
in July may have to leave Mussoorie the same day, unless facilities for stay with matchir
infrastructural and basicfacilities of water, electricity and waste disposal are created in dr
course .

8. liaster Plan -

The Doon Valley Notification of 0'l .02.1989 has provided for approval of activitir
related to location, setting up of industrial units, mining, tourism, grazing and land use fro
Union Ministry of Environment and Forests. ln addition, the Hon'ble Supreme Court hi
clarified that the Forest Conservation Act, 1980, will apply not only to the recorded/notifir
forests but, also, to the forests by dictionary meaning. The implication of this rulingis th
any non-forestry activity, of which construction activity in Mussoorie is the most importar
prior approval of Union Ministry of Environment and Forests is required under the Fore
Conservation Act, t980, The scope of construction activity in Mussoorie thus, stan
restricted to a great extent since most of the land here is under notified private forest 1

which prior approvalfrom Union Ministrywill haveto be obtained.

The Master Plan for Mussoorie has not been prepared for want of survey of forest a
non-forest land which will form the basic data for land.use and formulation of Master Pl
forest and non-forest land . The survey of forest and non-forest land has been unde(ak

ParticularsSl.No.
,l998 study

1 Beds in registered hotels 8028

2 Beds in 8 Gurudwaras, Dharamshalas, Musafirkhanas and Temples 1598

2183 Beds in holiday homes and paying guest houses

Total Beds available 9844I

r ll

I
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h.,rhaq nevoflndiawiththebudgetprovidedbyMDDAtoidentifytheareaswith.regard.to
:l:'l:-";;,;;:#".;-.iConservatioiAct, 1980. Thisexercise,oncecompleted,will pavethe

;'rP;;'r;;;;*n ot a uaster ptan, at least for the non-forest land with regard to forest

;;rd,il e";,: oi rnoi, n", already issuedGo No.L-Up/952/1996-FC-V of 11.02.2011

,jio"*in' "on.,rrction 
over an area of 250 sq. mts. of built up area for residential

I"IomfioOation, only subject to clearance from the Govt. of lndia under the Forest

a;;J#;a;; i;t, 19'80. Eiespite this relaxation, construction activity is expected to,be

ti";ii;; ;;; the chance of approval for such activity on a large scale on forest land by the

a;.;ii;;i" under Forest Conservation Act, 1 980 is very remote. Therefore, development

;f .Ji"i^i;g areas as satellite towns by identifying non-forest land fit for habitation needs to

be seriously considered.

9. Landuse - Land Cover Changes

(a) The fulussoorie urban area located on either side of Mussoorie ridgehasan area of

about 65.8 I sq. km. Since the terrain is rugged, the land available for urban development
rs verv limited. Acomparison of the land use as perthe study of 1998 by NSDART and the

chanoes over a period of time as per the study canied out by the Uttarakhand Space
Aootiiation Centre (USAC) for Land Use/Land Cover and Hydrological Study of Doon

Vaitev is qiven in the following table, ftom which it would be seen that the land under
foresis beiween 199Oand 1997 reduced by 4.38 sq. kms. ( from 79% in 1990 to72% in

1997)andhasincreasedby0.t2'1 sq.kms.(0.'18%) in 2009 compared to the area in 't 997.
The density of forest has also improved between 1 997 and 2009. The tables, maps and pie
charts showing the change in land use between 1990 and 2009 are as follows :-

Table 9.'! : Change in Landuse in Mussoorie (1990-97 and 2009)

I
l5

Landuse Categories Area
(sq.Km.)

1990

Area
(Sq. Km.)

1997

Area
(sq.Km.)

2009

Change
sq. km .in
between

,l990 and 1997

Change in
Sq. Km.
between
1997.2009

1 2 3 4 s ($2) 6 (4-3)

Deose Forest 23.31 26.042 -6.01 ) 7"\)

Mediurn /lvloderately

Dense Forest
11 08 18.28 14.680 7.20 -3.600

open Foresuscrub 11 62 6.05 7.039 _R E7 0.989

Sub-Total Forest 52.02 (79.04) 47.64 (72.39) 47.761 (72.57\ - 4.38 (- 6 65) 0.121 (0.18)

Agriculture 2.s1 (3.81) 3.896 (5.92) 1.06 (1 62) 0.326 (0.49)

6.74 (10.24) 11.06 (16.81) 11.114 (16.90) 4.32 (6.57\ 0.054 (0.09)

Waste/Banen Land 4.55 (6.91) 2.M (3.70) 2.799 (4.251 -2.11 (-3.20) 0.35e (0.55)

Unclassifred 000 1.10 (1.67) 0 1.10 (1,67) -1.10 (-1.67)

Water Bodies N.A N.A, 0.240 (0.36) N.A. 0.240

Grand Total 65.81 65.81 65,81

Il

29.32

3 57 (5.43)

Built-up Area
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LAND USE IN MUSSOORIE IN 2009, 1997 AND 1990' THE FIGURES IN
panErurxeses rNotcATE THE PERcENTAGE oF THE TorAL LAND AREA

2009
(As p€r USAC study 20ll bas€d on IRS L|SS lll 2009 data)

I

! Forest (72.57i

ASriculture (5.92)

a Built-u p {16.9)

& Wasreland {4.25}

r Waterbodiee (0.35)

! Forest (72.39)

ASflculture (5.43)

r Built-up (15.81)

. Wasteland (3.7)

r Unclassified 11.67)

t1

T

1990
(As per I{5OART study 1998 bas€d on tRS USS [ 1990 data]

t Forest (79.04)

' Agriculture (3.81)

r Built-up (10.24)

.wasteland (5.91)

I

l

1997
(A5 per SDARTstrdy 1998 bas€d on IRSlrSSlll 1997deta]
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l\Iussoorie - l,arnrl trse ( 1997 )
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LAND USE LAND COVER OF MUSSOORTE (2009)
(Aroa to the North of Mussoorle rldge is outslde Doon Valley) +
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Mussoorie Percent Area Under Dense Forest (1990)
(As per 1998 Study by NSDART)
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Mussoorie Percent Area Under Dense Forest (1997)
(As per 1998 Study by NSDART)
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Mussoorie Percent Area Under Open Forest (1990)
(As per 1998 Study by NSDART)
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r
l'. ir-: -;-,:i r:,-'!e the ri,;ures fc'1990 and 1997 are based on ine 1l?€ st-dy by

ir :DAR- . .,: i.- ?)12 as per the study of the uttarakhand space Appllcation centre
tJ+C) i-r3 !'--. ;:t in oai'entheses are a percentage of the total area (65.81 sq. km.)

,*J", ur,,.,-,_. r;, -; .r9€s. It iS noteworthy that in Mussoorie construction activity was

.ontin",ng e:.) !:-. -? st pace oespite the fact that there-are2'18 estates notified as private

ic.ests " :n t 2,, . i I has reCuced drastically after 1997, as a result of the Writ Petition

i+J,rcg5f,,.'.r, '-: livlc against MDDA& Others-, and 20211995 hled by Godaverman

,or,nit U,'',,o. ,, :i : and Cthers; and judgments of the Hon'ble Supreme Court dated

Z5 t t r gSO a'.,,: '-. , - I 196 ctarirying that the Forest (Conservation) Act, 1980 applies to

tne forests noi,'r:.r :-., i.e State Governmentand also to the for3sts by dictionary meaning
r,...soectr.rq: :.: . r.a:iilrp) and assuch permission for non-forestry use of forest land

wili have to 5e :,!1. -\e: i.atr, the competent authority i.e. the Ministry of Environment ano

FCreStS, Govi. ci -:ira ,\iew Delhi.

Landuse in relatron to SloPe:

TheTable J 2ce'.tw which is a reproduction of Table4.l of l998study givesthe
area an1 g,o of ,a.a i. Ivlussoorie by slope categories, from which it would be seen that
about 79olo cltte a'?, ialis jn a slope category of30 degrees and more, and only about 13

sq. kms. has iess t,- a: a 30 degree slope, andthat too in small patches. Out of this11 sq.
kms. is alreacy ,:..-l?' ouilt up area and therefore, hardly 2 sq. km. is available for safe
constructton Tle ,- s; of iand with more than a 30 degree slope for urban development
would be ai Ei'Er: . -. 

( The position in 201'l continues to be the same as in 1998 study
since const.-, -. '. celween 1997 and 2011 are by and large renovation or
i'econstructla'; : i :r:si,ig buildings.

Table I 2 Area and Percentage of Land in Mussoorie by Slope Categories

10. Eco.restoration of MinedArea -
ln compliance of the orders of the Hon'ble Supreme Court to bring natural normalcy

to the Doon Valley, eco-restoration of mined areas was undertake; from the funds
generated as a result of cess imposed on the mines which were allowed to function by the
Hon'ble Court tlll expiry of the lease period. The eco-restoration of mined areas around
Mussoorie was done mainiy by way of reforestation and soil conservation works through
the Eco{ask force, U.P Forest Department and to some extent by the public schools. dn
completion of eco-restoration, the Ministry of Environment and p6rests, Govt. of lndia vide
Notification No.11-12/1989/Misc./FpD of tz.og.tggg constituted a committee under the

I
25

Is

Degtee ot Slope Area in Square Kilometers PercentArea to Total Area

5.54 8.42

3.65 5.55

4.23 6.43

10 43 i 5.84

J,,'!'- 41 .96 bJ. /b

Total 65.81 100.00

I

l]

Belc',^, 1i I
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Chairrnanship of Shri A.K. Wahai, ADG. ICFRE, with Dr J D.S Negi, Dr. Laxmi Rawat.
Scientists, Shri R.K. Singh, Asstt. Silviculturist, FRl, and Shri Dhirendra Singh, Associate
Professor. IGN FA, for assessment of the progress of implementation of the greening project
of mined areas in Doon Valleywith regard to objectives, physicaland financial performance,
and overall evaluation of the prqect. As per the report of the committee (a) eco-restoration
was partially achieved and sustained efiorts to control biotic factors to enable the sites to
fully recover was recommended. (b) the scree areas were established by soil binders like
Dodonaea viscosa, Agave americana etc. (c) the micro-climate has signiflcantly improved
by stoppage of mining on one hand and rehabilitation measures on the other. From the table
9.1 above, it would be clear that over a period of time there has been an overall increase
notonly in the vegetation coverin 2009 (see sub-total offorest tand) but also in the density
of fo rest cove r.

26tl
a

11. Micro-zonal Survey of Seismic Stress in Mussoorie :

Mussoorie falls in Zone lV of the seismic hazard map of lndia. There are scientific
constraints in earthquake prediction and therefore, efiective planning, preparedness and
mitigating measures are of prime importance in the event of seismogenic disturbances.
The seismic microzonation study for the Doon Valley, being done by Wadia lnstitute of
Himalayan Geology, is continuing as part of their ongoing programme. Mussoorie town,
located on hard rock, though is not prone to site amplification due to low frequency waves
yet topographic efiects, which have not been studied so far, can take place. The high
frequency events generated from the Main Boundary Thrust (MBT) or Mohand thrust can
also have its effect but, presently both these are not active and this may be due to some
seismicgap or seismic quiescence (Mahajan and Others 2007 and 2008).

The survey of 3344 buildings in Mussoorie by Disaster Mitigation and Management
Centre, Uttarakhand, Dehra Dun, indicates that principles of seismic safety are being
ignored even in multistoreyed buildings, and 19% of surveyed hotel buildings fall in high
probability and very high probability of grade 5 and grade 4 damage. Therefore,
compulsory safety audit of structures has been recommended by the centre before granting
permission to operate as a public facility. For old buildings a massive awareness drive for
popularising the retrofitting measures to improve the seismic response of the buildings in
Mussoorie has been recommended, since replacement of these structures is neither
feasible nor practical. Appropriate techno legal regime and mechanism for strict
compliance to ensure that the vulnerability to earthquake is not added, has also been
recommended. The practice of compounding the cases such unsafe structures, which
defy standards and safety norms, need to be discontinued as a financial penalty without
mnective structural measures does not guarantee the safety of a structure. The direct
economic loss estimated by the centre comes to Rs.235.85 crores, which does not include
losses to public facilities and infrastru ctu re.

12. Dilapidated Buildings in Mussoorie:-

Closely connected to the issue of constructions falling in 5 & 4 damage category in
Mussoorie is the issue of dilapidated buildings, which has been engaging the attention of
the Supreme Court Monitoring Committee for a long time. The Hon'ble Lokayukta has also
taken cognisance of the issue of the danger to life and property of inhabitants due to
dilapidated buildings.

h
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ThiS issue was first discussed tn the meeting of Supreme Court Monitonng Committee on

18.05.2004 and as a follow up in the meeting on 02.06.2004 in Delhi under the
Chairmanship of Secretary, MOEF, Govemment of lndia when the following observations
were made:-

Restriction on height of buildings in Mussoone was discussed by the members. lt was
decided in the meeting of 02.06.2004 that relaxation granted by Govemment of lndia for
extension upto 10% of the plinth area of existing buildings (constructed prior to 1980) shall
be withdrawn in respect of forest lands. Further, members were also of the opinion that the
State Govemment may also revisit their own building bye-laws and consider the same
principles over the non-forest lands as weli. (Action: Government of lndia/State
Govemmentof Uttaranchal).

The MDDA has taken a welcome decision by approving only 'earthquake resistant'
building designs. The issue of one time dispensatlon for allowing reconstruction of existing
buildings (not for new constructions) has not been resolved by the Govt. of Uttarakhand
despite constant chasing of the issue by the Supreme Court Monitoring Committee. The
facility of reconslruction if allowed will have an added advantage of construction of
"earthquake resistant" buildings, since it will be one of the conditions for constructions in
Dehra Dun and Mussoorie areas which are seismicallyvery sensitive.

13. lnfrastructural and Basic Facilities :

13.1 Water Supply - The 1998 Stucly on Carrying Capacity of Mussoorie carried out by
National Society for Promotion of Development Administration, Research and Training
(NSDART) for Supreme Court Monitoring Committee has already emphasised that, in
future, there will be a great shortage of water unless measures for augmenting the supply
are seriously pianned and implemented. The following table gives the projection of water
demand at 135 lpcd for the population ot 2011 and 2021 (see Table - 5.1 ). The p@ections
as worked out in Table 3.6 of 1998 Study by NSDARTaTe in parentheses.

Table - 13.1 : Projec{ed Water Demand @ 135 lpcd

Month 2011 2021

Permanent
Population

Tourist
population

Total Demand

of Water
Permanenl
Population

Tourist
populalion

Total Demand
of Waler

January 40,000 3870 43870 5922450
(5201100)

45.000 5748 50748 6850980
(6197s50)

February 40,000 7498 47 498 M12230
(5488800)

45,000 11137 30 tJ/ 7578495
(6509250)

March 40,000 6544 46544 6283440
(8742600)

45,000 9710 54710 7385850
(10283400)

April 40,000 10562 50562 6825870
(s131400)

45,000 15688 60688 8192880
(10695750)

May 40.000 22407 62407 8424945
(10371000)

45,000 3328'1 78281 10567935

(12010950)

June 40,000 35556 75556 10200060
(12388050)

45,000 52811 97811 13204485
(14150850)

!

l_I
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From the table above, it would be seen that whereas the projection of the 1998 study
based on 150 lpcd (liters per capita per day), ranges between 5.20 mld. (million liters per
day) in January and 12.38 mld. in June in2011 and6.19mld. inJanuaryand '14.15m|d. in
Junein2021, the requirement as perthe present study at 135 lpcd it ranges between 5.92
mld. in January and 10.20 mld. in June and 6.85 mld. in January and 13.20 mld. in June for
20 1 1 and 2021 respectively.

13.1.1 Current Supply of Water :

The source of water in Mussoorie is basically from the mountain streams. The supply
is inversely proportional to the demand during the peak tourist season when during
summer months, the supply goes down and the population due to tourists increases
manifold. Though rain water harvesting in new constructions has been made mandatory by
the MDDA, the supply, if at all, has a limited use due to poor enforcement of conditions for
constructions. The water in Mussoorie has to be pumped from 12 sources, and from the
remaining 5 sourcestheflow is through gravity as perthefollowing table:-

Table-l 3.1.1 - Water Sources

I
28

EI

July 61548 830898C
(10678650)

r: , 
_,.

10395675
(12337350)

August 40,00c 12184 52184 704484A
(8622600)

45,C0C 63097 8518095
(10156050)

September 40.000 1067 4 50674 6840990
(8526450)

45.00c 15854 60854 8215290
(10054200)

October 40,000 11562 51562 6960870
(8667600)

45,000 17173 6ttt5 83933s5
(10203750)

Ncvember 40 00c 6534 46534 6282090
(8573100)

45.000 97C5 54705 7385175
(101035s0)

December 40,000 6444 46/,44 626994C
(5455050)

45.000 9571 54571 7367085
(6462600)

Nature of Source Discharge of Source
liters per minute (lmp)

System of ltY/Sst.
No

Name of lvater Source

Spring Brooklet Spring Brooklet Pumping Gravity

1 iiluney Pump

(t) Khanalty spnng 450 (450) Pumping

(iD {o-Under Cliff spnng 108 (108)

(iii) Bansi or Lyndale spnng 200 (280) do-

Khandighat Pump

Khandighat Upper Brooklet io-200 (336)

(t) Khandighat 30 H.P Lower -do-spring No.8 480 (2251

(ii) Khandighat (Nala) 250 -
(iii) Rikholigad 250 -

IIIII

II

I

2.
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Note: The figures in parenthesis are for 1997 (Table 3.6 - 1998 Study). Total availability of
water in '1997 works out to 6381 lpm(litersperminute)andfor2011ilis6195lpm.

The details of supply and demand of water during the off season as per the report of
e Executive Engineer, Jal Sansthan, vide letter of 14.07.201 0 is as under:-

(a) Availability of water round the year 7.76 mld.

(b) Wastage 15% of (a ) above. 1 .17 mld.

(c ) Actual availability 6.59 mld.

(d) Population that can be taken care of 48,814
at 135 liters/capita/day

(e) Demand in January (for 40,000 population) 5.4 mld.

(f) Surplus during lean season (c-e) 1 .19 mld.

During the peak season the supply of water is almost half of the demand. The only
lray out for reducing the gap between the demand and supply is to (a) augment the storage
capacity of surplus water during lean season (b) reduce wastage of water, (c ) supplement
supply by rain water harvesting which has been made mandatory for new constructions and
(C ) most importantly tap the water from Yamuna river since the Hardy Fall poect is not

I

29

IiI

1 John Mackinnon Pump

{o-(r; New Bee 80 (s0)spnng

do-(r,) John Mackinnon 150 (1s5)spnng

-do-(i i) Chamber khud 80 ( 32)spnng

4 Bhilaru

{o-(l) Bhilaru upper spring 900 (1700)spnng

Jinsy Pump

{o-Jinsy spnng NrL 1 400)

(ii) Jinsy stage-1 -do-1492 (1680)Brookiet

6 Kolti Khala {o-600 (605)Brooklet

7 Dhobighat 530 -
Total (Spring) 2292(2621)3478 (3400)

GRAVITY SOURCEo

(r) Company Khud Gravityspnng 60 (40)

Brook Land {o-(ii) spring 90 (90)

(iii) io-spnng 25 (30)

(iv) Pargakhala -do-spnng 110 (110)

(r) Duglusdail {ospnng e0 (e0)

(vi) Santipani gravity

Total 2?92 {26211425 (350)

t

E

1)

Nala Pani

!r
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I
feasible any more in view of the objections of local villagers who get supply from this source

Peyial Nigam has already formulated a scheme for tapping water from a distance of
about 26 kms. from the Yamuna river neaj'Yamuna bridge, by four stage pumping to get a
supply between 12.80m|d. in2}14to 19.28 mld. waler in 2044 to caterfor a projected
population of about 86595 and 128342 respectively. The estimated cost of the project is
Rs.182.24 crores.

ln addition to supplementing the demand for water, the MDDA, in its bye-laws, has
already introduced a clause making rain water harvesting mandatory while sanctioning the
plans of building constructions. This provision can be implemented in the field by frequent
inspections by MDDA during construction of building on non-forest land. For forest lands,
the Supreme Court Monitoring Committee had recommended that the water storage tanks
for rainwater harvesting will reducd water stress in Mussoorie and therefore, the same
dispensation as issued vide letter F.No.11-9/98-FC of 03.01.2005 forwatersupply projects
of Govt. be allowed on p!'ivate lands in Mussoorie also, though the same attract the
provisions ofthe F.C. Act, 1980. The recommendation however has not been accepted.
Therefore the cases will be processed in the normal course under the guidelines of MOEF
fordiversion of forest land for non-forestry purpose.

't 3.2 The Sewerage System :

The sewerage system designed and installed by the British in '1934 is outdated since it
was planned for 50 years i.e. upto 1984. Presently the total length of sewer lines is 21 kms.
with 1100 man-hole chambers. The system is divided in I sewerage zones and caters for
4225 sewer seats. Thankfully, relaying of a new sewer system at a cost of Rs.6173.25 lacs
has been undertaken underJNNURM/UlDSSMTforthefollov/ing estimated population:-

Estimated population to be serviced:-

Yea r Population Requirement of water
sewerage (mld)

Designed level
(mld.)

2011 82436 13.00

2026 95043 12.03 14.70

2041 108689 14.68 16.90

The entire town has been divided into 11 zones with a proposal to relay 63890 mts. of
sewer lines and construction of 10 Sewerage Treatment Plants (STPs) . The target date for
completion of the project is December, 2013. lt may, however, be mentioned that the
shortage of water (as intimated by the Executive Engineer, Peyjal Nigam ) in 2011 itself is
3.81 mld.(demandl3mld-supply9.188mld.), whichwill increase by5.512mld.in2026
and 7.712 mld. by 2041 unless serious measures to augment the water supply to
Mussoone, for proper functioning of sewerage system and other purposes, are
undertaken by the Govt. The implementation of a sewerage proiect would be futile unless
augmentation of awatersupply project is implemented and completed simultaneously.

The position of existing sewer lines and the sewerage project already under
implementation is given in the table below:-I

30

T I!
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Table -13.2 : Mussoorie Sewerage System and Proposed Sewer Lines

'l3.3.Waste Management - Current Status :

Like other cities, ihe responsibility for management of waste in Mussoorie is that of the
elected Municipal Board. However, NGOs, lnstitutions and individuals also supplement the
work of these organisations. Despite that, the management and disposal of waste
generated by local popirlation, schools, and commercial establishments and, most
importantly, by visiting tourists is far from satisfactory. The number of permanent sweepers
has marginally gone up to '153 from '153, and that of temporary sweepers to 60 from 50
during the tourist season. Tne difiicult tenain and hence the access, sparse habitation,
lirnited staff, equipment and funds also contribute to the unsatisfactory state ofaffairs.

The civic amenities like waier supply and garbage and sewerage disposal were
planned by the British, according to the population of the town which was miniscule
compared tc what it is today. ln fact, because of population pressure and crylsequent

I tll

Sl.No. Zone Existing Sewer Lines (lleters)
as per 1998 Study (Table.5)

Sewer Lines (lleterc)
being laid under

Tota I

't00 125
mm (dia)

150 200 UIDSSMT Programme
,l50 mm 200 mm

1 Company Garden 1500 7236 7236

2 Happy Valley 918 2900 5266 5266

Bhilaru

4 Dhobi Ghat 1215 1215\

5 Camel's back 3653 3653

0 Arcadia 1280 1882 1882

7 Sarai 2147 724

8 Bucharkhana

I Cremation Ground 950

Brookland

11 Shergarhi- 1

(Landaur South)

1137 618 20162 3518 23680

12 Badowgunj 221 195 5734 5734

'13 Shergarhi -2 3700 2095 5795

14 Landaur North 877

15 Shishu itiiketan 1000

Library 5812 '1515 7237

Kulri (Landaur ad pt.) 1226 I tlo

Totai: 8365 ',t714 6145 t$0
17624 56736 7128 6389't

n

n

1 658 996 376 '1400

504 1000

10.

877

16.

17.

Grand Tota:r
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constructions, all faciiities provided for limited users have gone haywire, anC waste
managementand disposaltoo is no exception.

The heaps of waste generated if not properly managed and disposed of are not only
an eyesore, but become a breeding ground for mosquitoes, insects and bacteria which are
the cause ofvarious diseases. ln addition, the obnoxious odour due to slow decomposition
of the waste tied in polythene bags pollutes the entire atmosphere of the place. Polythene
bags not only choke the drains but also prevent the percolation of water into the soil,
resulting in an adverse effect on regeneration of vegetation, which is so important for the
binding of soilfor proper soil conservation.

The study by NSDART based on interviews of individuals, instirutions, Govt.
establishments, commercial organizations, NGOs, various institutes both commercial and
non-commercial, has concluded that tourists as compared to the local residents, generate
more waste, since besides regular meals they consume ready-made food items also
packed in polythene containers of various sizes which ultimately increase the proportion of
bio-degradable waste. As per the study, the per capita waste generated by the permanent
population is estimated to be 0.35 kg../day (against the per capita waste generation in
lndia between 0.15 - 0.50 kg.), in the proportion of 74o/o of wel and 260lo of drywaste. The
figures for the ffoating population (tourists) are 0.4 kg./day in proportion of 70% of wet
waste and 30% of dry waste.

The estimates of waste generation in the present study based on the above norms
adopted in 1998 Study by NSDART areasunder.The projections in parentheses are as
per Table -3.8 of 1998 Study canied out by NSDART:-

Table - 't3.3 - Estimates of waste gen€ration - ilussoorie

ilonth 2011 2021

Waste
Generation
at 0.35 kg./
capita by

permanent
population

of 40,000

Tourist
population

Waste
generation
at 0.'t kg./

capita
by tourist

population
of Col.3

Total
waste

generation
(Col. 2+4)

K9.

Waste
Generation
at 0.35 kg./
capita by

permanent
population

of 45,000

Tourist
population

Waste
generation
at 0.4 kg./
capita by
tourist

population
of Col. 7

Total
u&
genefa
-tion

(CoL6+8)

Kg.

(1) l2t (3) (4) (s) (6) 17l (8) (e)

January 14,000 3870 1548 15,548
(12316)

5748 2299 18049

(14652)

February 14,000 7498 2999 16,999
(1305e)

15750 11137 4455 20205
(15458)

'14,000 6544 2618 16,618

(20719)

15750 9710 3884 19634

124334]l

April '14.000 10562 4225 18,225
(21756)

15750 15688 22025

l2uu)
May 14,000 22407 8963 22,963

(25062)

15750 33281 13312 29062
(28941)

I

I
32

I I

15750

March
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3 fc 28.222
(30440)

36874
(34U7)

July 14,000 21548 8619 22.619
(25882)

15750 32005 128A2 28552
(29811)

August 14,000 12184 487 4 18.874
(20759i

I l,- 14c97 7239 22985
(23995)

Septembe 14,000 10674 4270 18,270
(201431

'!5750 15854 63,4.2 22092
(23723)

October 14 000 11562 4514 18,574
(2051e)

15750 17i73 6869 22619
(24122)

November 14,000 653i 16,612
(20267]'

15750 9705 19632
(23855)

December 14,000 6444 2578 16,578
(12s69)

15750 9571 3828 19578
(15334)

J

ll

I

JJ

I

June 1.1 000

The waste generated falls in three broad categories, namely, garbage (solid waste),
sewage and gaseous emissions. The issue of sewerage has been dealt with in para 1'l (b).
So far as solid waste or the garbage is concemed, it is of two types, namely, the bio-
degradable and non - biodegradable waste. Whereas the bio-degradable, or the wet
waste, (e.9.) paper, plant and animal products etc.)degrades readily and can be converted
into useful manner under proper conditions of moisture and temperature, the non-bio-
degradable waste, or the dry-waste, consisting of plastic, films, celluloid batteries and other
synthetic materials does not degrade with time and remains unchanged for many years to
come. The menace of polythene bags is well-known throughout the country, though efforts
to ban the use ofthe same are continuing. Eadier, the waste used to be incinerated in 4 sites
namely, Garhi Khana, South road Landour, South of Bucher Khana and Barlowgunj where
incinerators were installed, but, the practice has been discontinued due to toxic emissions of
buming waste. Presently, the trailer bins placed at various places in Mussoorie are towed
and emptied by sliding the waste down the Garhi Khana hill side, where down slide is
prevented by providing pits and terraces to collect waste for decomposition. The tenaces,
however, are gradually getting washed away by rains, and serious efforts for proper
management and disposal of solid waste need to be tiaken.

ln addition to the local body i.e. Municipal Board, Mussoorie, AAPKAorthe Self Help
Environment Programme (SHEP), in association with LBSNAA Mussoorie, has a thrust on
efiective garbage management both at individual and community level.

Hampton Court and Woodstock Schools are completely self-reliant in the
management of waste generated in their premises with cooperation from students, stafi and
their families for segregation of wet and dry waste. Whereas the dry waste is collected by
rag pickers, the wet waste is converted into manure for use in the garden and schools. The
hospitals, restaurants, mazdoor niwas, dharamshalas, tibetan homes, Survey of lndia, and
horse-lines also haVe some management for waste disposal in varying proportion.

It is well known that the most effective method for waste management is to segregate
dry and wet waste for recycling of dry waste and conversion of the wet waste into manure.
The waste management with this practice c:ln be financially viable by the sale of dry waste
for recycling and wetwaste as manure aftercomposting. n

2612 3882
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The Supreme Court Monitoring Committee has been pursuing the issue of waste

management in Mussoorie for a very long time and in meetings it has observed that, rather
than banking on funding of Waste Management Project byADB , JNNURM or SCMC, the
Eco-tax being realised by the Municipal Board Mussoorie, should be utilised for solid waste
management and disposal in Mussoorie. The Board can supplement its budget by levying
'user charges' for door to door collection waste in consultation with and the participation of
the localpeople. The Executive fficer, Nagarpalika Parishad, vide letter of 24.10.2011, has
informed that the Detailed Project Report under City Sanitation Plan has been submitted to
the Directorate of Urban Development of Govt. of Uttarakhand. PrincipalSecretary, Urban
Development,Govt. of Uttarakhand, too, has intimated that the project for waste
management is likely to be funded by Asian Development Bank in Tranche - 4 between
2012-2016.

13.4. Health Care Facilities :

The 1998 Study for Mussoorie has worked out the requirement of one hospital bed for
200 persons based on the norm of ageneral hospital for 50,000 population. The following
table would show that the number of beds in 1997 which was '153 has come down to 90 in
2010-2011-

Table 13.4: Availability of Hospital Beds in Mussoorie

(a) - St. Mary's and Civil Hospital, Mussoorie is under renovation as a combined hospital
with a provision for 55 beds, including 5 ICU beds.

(b) Northern Railway Hospital in Jharipani has not been included since it caters for
Railway personnel only.

(c) The Private Nursing Homes have reportedly been closed.

The ratioof beds to patients for a population of 35,000,whichwas I :228in 1997, has
gone up to 1 : 444 in 201'1, for a population of 40,000 by 2011 due to an increase in
population on one hand and a decrease in the number of beds. By 2021 , for a population of
45,000, it would go up further to 1 : 500 if the number of beds remain static. ldeally, the
numberof hospital bedsin2011 shouldbe200 fora population of 40,000, and in 202'l it
should be 225 beds for a proiected permanent population of 45,000. The analysis reffects
a dismal picture of the health care facilities in Mussoorie, and the problem during peak
requirement in the tourist season is not difiicult to imagine.

Sl. No. Name of Hospital Number of Beds
ln 1997 (Table - 3.12
of 1998 Study )

Number of Beds
ln 2011

1 St. Mary's Hospital, Mussoorie 53 55t

2 Civil Hospital, Mussoorie

3 Community Hospital, Landour 50 35

4 20

Total (Beds) 153 90

I I
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13.5 Power Supply:

The power supply to Mussoorie is through the main grid with a stand-by 600 KVA
Captive Power Plant at Galogi. The table below gives the details of growth in electrical
connection and power consumption from 199'l to 1997 (Table - 3.t5 of 1998 study by
NSDART) and 2011 as per reportftom Electricity Department:-

Table't3.5: Number of Electricity Connection and Consumption in ilussoorie

*There is no power cut in Mussoorie as per information from the Hyder lepartment.

1 3.6 Traffic and Parking Faciliti€s:

Transport, parking and traffc related issues have been identified as -.:rious problems
t-roughout the year by a large section of residents of Mussoorie, which areatits peak
r:: . ;ing the tourist season. Alargepartof the transport requirement of the',iidents is in the
c )rtext of access to places outside Mussoorie and not so much for moverri - t within the city.
I - e quality of roads and their maintenance is found to be inadequate by c , er 70 percent of
I 3 residents. At the same tjme, since a significant proportion of the e"rr'nings are from
t-r"iists, many of the residents do not perceive crowding in the city comme'3ial area during
t^-. peak season to be a problem. For the same reason crowding in the c"is stands is also
p:iceived as adverse only by less than half of the sample respondents. Here again, there
a;e class differences in perception - a larger proportion (53-67 percentl of the poorer
sections of the residents (who are dependent on public transport to a larger extent) find bus
slands overcrowded as compared to the richer sections (37-45 percent)

Table -13.6 : Distribution of Residents' to Adequacy of Transport Sorvices
(Table 2.5 of 19!)8 study by NSDART)

fr*

I
35

Year Number of
Domestic

Connections

Number of
Commercial
Connections

Consumption
(in million
units per
month)

Remarks

1991 2983 1304 14

1992 3200 1369

1993 3294 1377 1.7

1994 3392 140'1 1.9 Ta!!e 3. 5 of 199t Study by NSDABI

1995 3522 '1419 2.0

1996 3662 1M2

1997 3912 '1483

IJ IU 5159 1717 3.95 - 4.05 '. Report tom Electiciiy Department

T'aisport Facility Adequate/NotAdverse lnadequate /Adyerse

Number Percent Number Percent

SverCrowding in Bus Stands 157 51.82 146 48.18

ErsiraxiFaciliV 29 9.57 90.43

rraffic Management 1 1.55 268 88.45

ll ll

1.5
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rrE IT !
Parking Space

Crowding in Mail(peai' 71.95 85

Road (congestion Pear.) 8.25 zt 5

Road Network 26.40 223

Road Maintenance 11.22 269

281

5

l

a

a

The trafiic and parking facilities in Mussoorie are, however, being developed in

addition to local t,s transporlin Barlowgunj, Jharipaniand Mussoorie area.

14. Conclusion: Mussoorie town is one of the prime tourist locations of the country on
which the livelihood of majority of local population is highly dependant. The tourists would
be attracted oniy when basic- inftastructural facilities like roads, sanitation, water supply,
accommodation, health care etc. are available to them. The foregoing account would
indicate that a lot needs to be done to improve such facilities to bring the town on the
centre-stage of the tourism industry, which would go a long way in improving the livelihood
ofthe local people. .
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