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NMHS Progress Report 
 

(Period from 2017 to 2018) 
 

 

1. Project Information 

 

 Project ID:   Sanction Date: 31 Mar 2016 
      

      

 Project Title: 

Dynamics of Himalayan Ecosystem 
and its impact under changing 
climate scenario in western 
Himalayas    

      

 BTG:     
      

      

 PI and Affiliation 

Prof. A. P. Dimri, School of 
Environmental Sciences, Jawaharlal 
Nehru University, New Delhi, India    

 (Institution):     
      

 Name & Address 

Dr. S. Ghosh (IIT, Mumbai); Dr. R. J. 
Thayyen (NIH, Roorkee); Dr. S. Kar 
INCMRWF (Noida); Dr. S. Prasad 
(JNU, New Delhi); Dr. S. Bagachi 
(IISc, Bangalore); Dr. R. Kumar 
(NCF, Mysore)    

 of the Co-PI, if     

 any:     
      

      

 Structured 
 Please see published works on PIs 
as reported in individual reports.    

 Abstract -     

 detailing the      

 current year     

 progress [Word     

 Limit 250 words]:     
     

     

 Project Partner Affiliations  Role & Responsibilities 

 Name     
      

 S. Prasad JNU, New Delhi  

Resigned (no 
more associated 
with Project)  

      

 S. Bagachi IISc, Bangalore  
Ecological 
Monitoring  

      

 R. Kumar NCF, Mysore  
Ecological 
database  

      
      

 R. J. Thayyen  NIH Roorkee  Establishing  



observatories 

      

 S. Ghosh  IIT Mumbai  

Downscaling, 
Projections, 
Simulations  

 
 
A. P. Dimri  JNU, New Delhi  

 
Elevation 
Dependent 
Warming  
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2. Project Site Details 

 
Project Site 

 
IHR States Covered Uttarakhand, Himachal 

 Pradesh & J&K 
 

Long. & Lat. 
 

Site Maps  [Attach] 
 

Site Photographs     [Attach] 

 

3. Project Activities Chart w.r.t. Timeframe [Gantt or PERT] 
 

       

      Output 

  
Year 2017-
18     

 

PROJECT ACTIVITIES 

      

Qtr 1 Qtr 2 Qtr 3 Qtr 4   

       

Project Activity 1 

Data collection 
from secondary 
source and 
analysis 

 
Temperatu
re lapse 
rates 
paper 
submitted 
and 
accepted 
in Frontier 
of 
Environme
ntal 
Sciences 

Manpower 
working function 
and field 
installation at 
some of the 
selection stations 

Integrating 
observations and its 
analysis 

 

Research paper 
Accepted 

       

Project Activity 2 

identified hotspots 
of greening and 
browning in 
Himachal Pradesh 
and Uttarakhand. 
However, there 
are some 
statistical caveats 
over interpretation 
of trends in long-
term time-series 
data, that are not 
fully incorporated 
yet. These are 
related to (a) 
spatial auto-
correlation, and 
(b) temporal auto-
correlation. 

Work 
Ongoing 
and 
further 
data 
collection 

Same as Col. 1 
and 2 

An important task is 
to understand the 
available approaches 
for modeling 
distribution of the bird 
species. Therefore, 
reading and 
discussion will be 
carried out by with 
experts to select the 
approach that would 
be used for the 
modeling.   

 

Research paper 
under preparation 

       

Project Activity 3 -Do- -Do- -do- -do-   

       

Project Activity 4 

Sensitivity for 
climate simulation 
with model field 

Model and 
observatio
n fare 

Machine 
configuration and 
stabilization and 

Field visit to 
Uttarakhand/HP and 
J&K 

 
Research paper 
submitted 



data completed 
and paper 
submitted in 
journal for 
possible 
publication 

analyzed 
and 
sharing 
with other 
PIs 

models are 
successfully 
simulated 

      

Project Activity 5 

Observations and 
data organized 
and analysis is 
carried out 

Scientific 
analysis is 
carried out 

Paper submitted 
on extreme value 
analysis of the 
streamflow in 
Ganga and Sutlej 
Basins over NW 
Himalayas and 
have found 
doubling of 
extreme 
streamflow 
occurrences 
during last three 
decades.  

We have started 
setting up Community 
Land Model (CLM) 
with biogeophysics 
and would like to 
understand the water 
cycle in changing 
climate. We have also 
set up VIC for the 
same region. 

Research paper 
under 
preparation/submiss
ion 

 

4. Financial and Resource Information 
 

Note: A separate bank account is expected to be opened for NMHS Project as per the provision of Direct 

Beneficiary Account (DBA) as laid out by the Govt. of India and also facilitate the audit of accounts. The 

interest earned out of the NMHS project funds should be reported clearly in the utilization certificate. 
 

Total Grant:  2,10,02,000/-  
Grant Received 
Date:09-03-2017 1,27,50,000/- 

      

    

Project Affiliations/ Institution Budget Allocated to Work Done 

Partner(s)      
      

Partner 1  NIH, Roorkee  57.96 
 Field visit/ Initiation of 
procurement of equipment 

      

Partner 2  IIT, Mumbai  13.46 Initiation of procurement 
      

Partner 3  NCMRWF, Noida  17.66 -Do- 
      

Partner 4  JNU  13.36 Field visit/Manpower 

      
Partner 5  IISc, Banglore  13.36 -Do- 

    
 
  

Partner 6 
  

NCF Mysore 
  

17.86 
 

-Do- 
 

Partner 7  JNU New Delhi  76.36 

Field 
visit/Manpower/procurement 
of equipment 

 
Total    210.02  
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Project Staff Information: 
 

S. No. Name Qualification Designation Fellowship/ Wages paid Remarks 
      

1.  Sameer Javed MSc. Geology  JRF  Rs.12500/+HRA NIH 
      

2. 02 staff    
NCF: will join 
Jun 2017 

      

3. 
Arkadeb 
Banerjee M.Sc. Atm. Sc. JRF Rs.25000+HRA JNU 

      

 

5. Equipment and Asset Information:  
 

S. Equipment Details (Make/ Cost Date of Photographs Lowest 

No. Name (Qty) Model)  Installation of Equipment Quotation, IF 

      NOT 

      purchased 
       

1. 

High 
Performance 
computing 
cluster 

32Tb usable strage, 
Infiniband 
communication 
device, 05 compute 
nodes, 1 master 
node with 
128GBRAM, Intel 
Parallel cluster tool 

39,00,00
0/- 

Jul 2017 and 
funcitoing [Attach]  

       

2. AT/RH  HOBO-U23-003 
21,38,86
4/- 

Started in 
Dec and 
continuing [Attach]  

 (50 nos.)      

3. 
Rain gauge (10 
nos) HOBO(RG3) 670195/-  [Attach]  

       

[Add] [Add]    [Attach]  
       

 
 
6. Expenditure Statement and Utilization Certificate (UC from individual PI is requested) 
 
Please update the annual Expenditure Statement and Utilization Certificate (UC) periodically. 
 

Expenditure Information: Annual 2017- 18 Utilization certificate I submitted for reference 
 

 S. No. Financial Position/Budget Head Funds Sanctioned Expenditure  % of Total cost 

        

 I Salaries/Manpower cost     
        

 II Travel     

 III Expendables &Consumables     

 IV Contingencies     

 V Activities & Other Project cost     

 VI Institutional Charges     

 VII Equipments     

   Total     

   Interest earned     



   Grand Total     

       

 Period  Expenditure Statement Utilization Certificate (UC)   
       

 Annual  [Attach] [Attach]   
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7. Project Beneficiary Groups: None 
 

Beneficiary Groups [Capacity Target Achieved 

Building]   
   

No. of Beneficiaries with income   

generation:   
   

No. of stakeholders trained,   

particularly women:   
   

No. of capacity building Workshops/   

trainings:   
   

No. of Awareness & outreach   

programmes:   
   

No. of Research/ Manpower   

developed:   
   

 

8. Project Progress Summary (as applicable to the project) (Please see reports) 
 

 Description   Total (Numeric)  Description  

        

 IHR States Covered    UK, HP & J&K    
        

 
Project Site/ Field Stations Developed: 

  .... (attach photos)  
 

 
   

... (attach maps) 
  

       

 No. of Patents filed (Description):       
        

 Article/ Review/ Research Paper/     
 

 
 
Publication: 

     
       

 New Methods/ Modellings Developed   See below  
 

 
 
(description in 250 words): 

     
       
        

 No. of Trainings     
 

 
 
(No. of Beneficiaries): 

     
       

 Workshop:       

 
Demonstration Models (Site): 

  .... (attach maps about location &  
 

 
   

photos) 
  

       

 Livelihood Options:       
        

 Training Manuals:       
        

 Processing Units:   .... (attach photos)    
        

 Species Collection:       



        

 Species identified:       
        

 Database/ Images/ GIS Maps:       
        

Note: Photos/ maps should be attached in high quality in compatible formats viz., JPEG, .JPG, .PNG, 

.SHP, etc. along with a suitable figure legend/ caption. 
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9. Project Linkages (with nearby Institutions/ State Agencies): None 
 

S. No. Institute/ Organization Type of Linkages Brief Description 
    

    

    

 

10. Additional (publication, recommendations, etc.): 
 

Time Period Publications 

 (Research Papers, Information Material, Policy drafts, Patents, etc.) 

Annual [Year 2017] 

1. R.J. Thayyen and A. P. Dimri (2016): Modeling Slope Environmental 
Lapse Rate (SELR) of temperature in the monsoon glacio-
hydrological regime of the Himalaya, Frontier in Environemtnal 
Sciences, 2018. 

2. A. Choudhary, A. P. Dimri. Assessment of CORDEX-SA experiments 
for monsoonal precipitation over Himalayan region for future 
climate. Climate Dynamics, doi: 10.1007/s00382-017-3789-4, 2017. 

  
 
 

11. Project Concluding Remark: None 
 

Kindly update the following Progress Parameters for the Reporting Period: 
 

 
Project 

  
Project Output 

  Progress made against      
     

Monitoring Indicators 
  

Remarks 
  

 
Objectives 

  
against each objective 

      
     

(specified in Sanction Letter) 
     

             
              

1.             
              

2.             
            

           

 Methodology (in brief):          
           

 Major Research Achievements:          
          

 Brief Conclusion - the current year         

 progress – during the reporting         

 period (point-wise):           
              

Progress Achieved (%): 
 

Remaining work to be done: 
 
 

Submitted to: Submitted by:  
Nodal Officer, NMHS-PMU Project PI (Signature): 
National Mission on Himalayan Studies (NMHS) Institution (Seal): 
G.B. Pant National Institute of Himalayan Environment and           Dated (21/05/2018): 



Sustainable Development, Kosi-Katarmal, 
Almora 263643, Uttarakhand 
E-mail: nmhspmu2016@gmail.com 

 
Please fill the NMHS Progress Report pro forma as applicable with respect to time and other 

requirements and return via post/ e-mail. In case of any query, please contact at: 

nmhspmu2016@gmail.com 
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Work carried out during the project period-Summary 
NIH,Roorkee and JNU New Delhi 
 
1. Temperature Lapse rate study in the monsoon regime of the western Himalaya  
Moisture, temperature and precipitation interplay forced  through the orographic processes sustain 
and regulate the Himalayan cryospheric system. However, factors influencing the Slope 
Environmental Lapse Rate (SELR) of temperature along the Himalayan mountain slopes and an 
appropriate modeling solution remain as a key knowledge gap. Present study evaulates the SELR 
variations in the monsoon regime of the western Himalaya and proposes a modeling solution for the 
valley scale SELR assessment. SELR of selected station pairs in the Sutlej and Beas basins ranging 
between the elevation of  662 m a.s.l. to 3130 m a.s.l. and that  of  Garhwal Himalaya between 770 
m a.s.l. and  3763 m a.s.l. were assessed in this study. Results suggests that the moisture- 
temperature interplay is not only forcing the seasonal variations but also the elevation depended 
variability of the temperature SELR. Temperature lapse rate constrianed to the nival- glacier regime is 
found to be comparable with the saturated adiabatic lapse rate (SALR)  and lower than the valley 
scale SELR. The study also suggest that the  bi-modal pattern of the annual temperature lapse rates 
earlier observed in the Nepal Himalaya is extended upto Sutlej-Beas  and upper Ganga basins in the 
Western Himalaya. This seasonal variability of SELR is found to be closly linked with the variations in 
the lifting condensation levels (LCL) of the region. Inter-annual variations in SELR of the nival- glacier 
regime is found to be significant while that of the  valley scale SELR is more stable.  We propose  a 
simple model for deriving the valley scale SELR of monsoon regime using a derivative of the Clausius–
Clapeyron relationship. SELR modeling solution is achieved by deriving monthly SELR indices using 
the data of two station pairs in the Sutlej and Beas basins during  1986-2005 period through K-fold 
cross validation. The model sucessfully tested for station pair in the upper Ganga basin as well and 
showed significant improvement over the standard environmental lapse rate of 6.5K/km. 

 
 
Fig.1. SELR dynamics of monsoon regime suggest that the  Sutlej basin is drier than Upper Ganga 
basin in the month of May-June. Monsoon SELR follow the theoretical SALR in July-August Months ( 
Thayyen and Dimri, 2016) 
 
2. Instrumentation and Fieldwork 
One of the key work package in the project is to procure and install 50  air temperature/ Humiidty 
(AT/RH) and 10 precipitation gugaes in the region. All the equipments were procured during the 
period and installation is in progress. During the first phase focus of the AT/RH installation in the 
intial years are of Upper Ganga basin. 5 profiles are chosen for distributing the temperature sensors 
across Uttarakhand. Elevation zones, vally-ridge etc. crerion  has been empoyed to select the 



locations.Special care is taken to ensure the orogrpahic continum  for the selectd sites. Number of 
fieldtrips were carried out to identify the locations along 5 profiles. Installation along  Dakpthar- -
Rohru axis, Dakpathar-Kharsli axis and Roorkee-Jhala axis and Kathgodam-Joshimath axis were 
completed.(Fig.1). Table-1-5 gives the details of the stations. Data from Ladakh region is also 
generated from existing AWS of NIH at three elevations; 3700,4700 and 5600 m a.s.l.for studying the 
temperature lapse rate dynamics. Precipitation data of around 45 stations were collected for the 
period of 1970-2000 period and analysis is in progress. 

 
Fig. 1. Profiles showing the installation of AT/RH stations in Uttarakhand 

 
Table: 1 List of stations along Cross Profile-1 Dakpatthar-Rohru section 

S/No. Station Sensor code Elevation Lat. Long. Date 

1. Ambari P-1,S-1, RG-1 427m 30°29’46”N 77°48’37”E 27/11/2017 

2. Chakrata P-1,S-2, RG-2 1950m 30°43’7”N 77°52’4”E 27/11/2017 

3. Dewti P-1, 
S-3 

1960m 30°59’23”N 77°56’39”E 28/11/2017 

4. Hanol P-1, 
S-4 

1060m 30°58’27”N 77°56’33”E 29/11/2017 

5. Kashdhar P-1, 
S-5 

1857m 31°14’1”N 77°53’15”E 29/11/2017 

6. Rohru P-1, 
S-5 

1479m 31°12’4”N 77°45’24”E 30/11/2017 

Table: 2 List of Stations along Cross Profile-2 Dakpatthar-Yamnoutri(Kharsali) section 

S/No. Station Elevation Sensor 
code 

Lat. Long. Date 

1 Nagthat 1872 m P-2,S-2, 
R.G-1 

30°34’19”N 77°58’21”E 5/2/2018 

2 Marora 824 m P-2,S-3, 
R.G-2 

30°35’10”N 78°0’40”E 6/2/2018 



3 Bijori 1270 m P-2,S-4, 30°42’53”N 78°6’25”E 6/2/2018 

4 Himrola 2025 m P-2,S-5 30°44’37”N 78°9’27”E 6/2/2018 

5 Kharsali 2548 m P-2,S-6 30°58’26”N 78°26’24”E 7/2/2018 

 
Table: 3 List of the Installed AT/RH sensors along cross profile-3 Roorkee- Jhala section 

S/No. Station Elevation Sensor 
code 

Lat. Long. Date  

1 Roorkee 225 m AWS 29°53'8.22"N 77°55'38.62"E 1/1/2018 

2 Agrakhal 1473m AT/RH 30°12'50"N 78°19'40"E 25/4/2018 

3 Henval 1097 m AWS 30°19'54.12"N 78°21'40.13"E 1/4/2017 

4 Kumar Goan 1798 m AWS 30°20'57.39"N 78°19'42.33"E 1/1/2018 

5 Kanatal 2387 m AWS 30°24'52.73"N 78°19'17.99"E 10/1/2018 

6 Sanglai 1843m AT/RH 30°51'41"N 78°36'59"E 26/4/2018 

7 Jhala 2582 m AWS 31° 1'10.14"N 78°42'25.70"E 15/1/2018 

 
Table: 4 List of stations along Cross Profile-4 Kotdwara-Phata(Barasu) section 

S/No. Station Elevation Sensor 
code 

Lat. Long. Date  

1 Kotdwara 357 m P-4, S-1 29°45’24”N 78°28’17”E 6/3/2018 

2 Pokhal 1493 m P-4, S-2 29°52’20”N 78°40’53”E 6/3/2018 

3 Mallethi 598 m P-4, S-3 29°55’32”N 78°43’55”E 7/3/2018 

4 Buwakhal 1755 m P-4,S-4 30°06’58”N 78°48’04”E 7/3/2018 

5 Farashu 610 m P-4, S-5, 
RG-1 

30°14’32”N 78°51’7”E 7/3/2018 

6 Barasu 1650 m P-4, S-6, 
RG-2 

30°35’49”N 79°1’23”E 8/3/2018 

 
Table: 5 List of the Installed AT/RH sensors along cross profile-5 Kathgodam-Joshimath 
section 

S/No. Station Elevation Sensor 
code 

Lat. Long. Date 

1. Kathgodam      

2. Saguri Gaon      

3. Shail (Almora) 1695 m P-5, S-3 29°36’58”N 79°40’24”E 10/3/2018 

4. Shemar 1049 m P-5, S-4, 
RG-1 

29°53’27”N 79°39’51”E 10/3/2018 

5. Gwaldam 1877 m P-5, S-5 30°00’13”N 79°34’09”E 9/3/2018 

6. Ravigram 
(Joshimath) 

1926 m P-5, S-6 30°33’2” N 79°34’23”E 9/3/2018 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



IIT Bombay 
The following works have been completed at IIT Bombay 
1. Understanding the increasing flood hazard in Western Himalayan Rivers 
2. Understanding phenology and the role of temperature and radiation on vegetation of Western 
Himalayas. 
 

1. Understanding the increasing flood hazard in Western Himalayan Rivers 
Colossal losses of life, property and infrastructure have been witnessed in recent decades owing to 
flooding in WH Rivers. The severity of extreme events often results from multiple geophysical systems 
working in tandem. These systems range from the mechanisms responsible for extreme precipitation 
to the geomorphic factors that contribute toward the consequent stream flow. The meteorology of 
WH region is governed by the South West monsoon uring summer (June to September, JJAS); while 
during Indian winter monsoon (December to February, DJF), westerly disturbances (WDs) embedded 
in subtropical westerly jet, plays a major role. This further gets complicated and disastrous with the 
contributions from snowmelt and the increasing trend thereof. The WH region is a mountainous area 
of widespread landslides and rapid soil erosion where the landscape is immensely reactive to extreme 
streamflow events. The rivers in WH region belong to a unique set that originates from some of the 
highest elevated sources in the world and steeply descend to valleys and/or flatlands. These are 
perennial rivers fed by the snowmelt of Himalayan glaciers in the warm seasons. While enhanced 
glacier and snow melt in a warmer future climate from the Asian water towers is a cause of concern, 
more danger is posed by raging runoff resulting from heavy precipitation events that puts major 
towns and settlements along the floodplains of these rivers at imminent risk. Among the warming 
induced hydrological changes, one of the most evident is the increase of precipitation intensity. 
Increases in intensity and in the frequency of heavy precipitation events have become widespread 
globally as well in India. For reasons mentioned above, the WH region is extremely vulnerable to flash 
flooding-related natural disasters. Examples of some of the recent major events (2010 onward) are 
floods in Pakistan in 2010 that resulted in 20 million people affected with around 1800 fatalities, 
floods in Uttarakhand in 2013 that claimed 6000 lives, and floods in Jammu and Kashmir in 2014. It is 
therefore critical that we understand the transient nature of the geophysical systems that result into 
extreme flood situations to inform and guide the development of flood forecasting and mitigation 
strategies. To the best of our knowledge, analysis of observed streamflow data of WH Rivers to 
understand the occurrences and trends of extremes is yet to be performed and this is partially 
attributable to the non-availability and classified nature of the streamflow data for international rivers. 
Here, we present the first study of the same with the original and scaled streamflow data (based on 
classified conditions, which means non-availability). We extend this analysis with the study of 
associated geophysical features, such as meteorological and geomorphological factors. Observed and 
reanalysis-based meteorological data and satellite-based geomorphological data are used for the 
same. 
 

2. Methods 
We use daily station data (mention National Institute of Hydrology) at four hydrological stations of 
Upper Ganges – Rudraprayag (Mandakini), Rudraprayag (Alaknanda), Uttarkashi and Deoprayag, and 
a similar dataset for 2 stations of Sutlej – Rampur and Suni, to study the trend of seasonal (JJAS) 
maximum streamflow. The data for Upper Ganges has been scaled as per the data usage regulations 
of the National Institute of Hydrology and Central Water Commision. The trend analysis of rainfall 
extremes was done using 0.25° resolution gridded rainfall data from the Indian Meteorological 
Department (IMD). The atmospheric pattern prior to streamflow extremes in both seasons was 
investigated by using 500 hPa geopotential heights and 500 hPa relative vorticity reanalysis datasets 
from ERA 20C. We also use divergence quantity from ERA 20C at upper levels (200 hPa) and lower 
levels (800 hPa) to study the trend. 
The WD activity in the WH region was inspected by using daily geopotential data for the DJF season 
during the period 1900–2010 (111 years), obtained from ERA-20C reanalysis product. After 
rearranging the data sequentially based on years, we subtract the zonal mean to prepare the data for 
identification of features associated with baroclinic disturbances. The next step is to filter the data to 
remove low frequency synoptic scale variations like Madden Julian Oscillation, El Ninõ Southern 
Oscillation, North Atlantic Oscillation, etc. We employ a high pass Lanczos filter30 to retain variations 
with time scale less than 10 days only. Finally, we use Empirical Orthogonal Function (EOF)/Principal 



Component (PC) analysis on the daily high-frequency geopotential anomalies to assess the dominant 
mode of variability in the cold season. The standard deviation, or activity, was computed after 
resampling the data annually. 
The Chi Analysis was shaped using 1 arc sec (~30m) digital elevation maps (DEMs) constructed from 
Cartosat-I stereo data and projected using Universal Transverse Mercator projection zone 43 for 
longitudes 72°E-78°E in the Northern Hemisphere. The hydrologic modeling tools in the ArcGIS 
Spatial Analyst extension toolbox were employed for delineating the watershed and extracting 
required metrics. This stepwise process includes orderly extraction of: 
a. Raster files of filled DEM, flow direction and flow accumulation. 
b. Pour points – points at which water flows out of an area, usually the outlet or re-entrant 
locations from the flow accumulation. 
c. Stream network using a suitable threshold value over flow accumulation raster.  
d. Raster files of delineated watershed, converted to polygon features. 
e. Flow length between consecutive pour points, and upstream area and elevation at each pour 
point. 
The χ parameter was calculated based on the equation: 

 
where x is an upstream level, from base level xb, A(x) is the upstream area and Ao is a reference 
drainage area (1 sq. km.) introduced to ensure that χ is has the dimension of length. The best fitting 
value of m/n was found by iterating through a range of values between 0 and 1, and maximizing the 
R2 value of the elevation data in χ space for the main stem channel. 
 

3. Results 
We first investigate the frequency and temporal trend of observed extreme streamflow events, for the 
period 1980-2003 for six river gauging stations - Rudraprayag (Mandakini), Rudraprayag (Alaknanda), 
Uttarkashi and Deoprayag of the Upper Ganga basin; Rampur and Suni on Sutlej basin (Fig. 1 and 
Fig. 2(a)). Fig. 1 shows the scaled maxima of streamflow records over Ganga basin (first four 
stations) and the last two streamflow records are the winter maxima in Sutlej basin, part of Indus 
basin. Note that the period 1980-2003 selected for our analysis was governed by data availability and 
is considered representative of the spatiotemporal changes in the region. We divide the periods of 
data availability into two halves. We consider the average of seasonal (JJAS for Ganga and DJF for 
Sutlej) maxima of streamflow at a gauging station for 1980-2003 as the threshold for defining 
extremes at that station. We find that the number of occurrences of extreme flow situations have 
doubled during 1992-2003, as compared to the period 1980-1991. This is consistent across all the 
stations considered. At multiple locations, the increases are even more than double. We also check 
the occurrences of extreme rainfall events considering the same threshold (average annual maxima) 
criteria for the region. We find doubling of extreme rainfall only at a few locations, mostly over the 
Ganga basin. The high increase in extreme flood condition hence does not only attribute to the 
extreme rainfall event but also to other factors such as geomorphology, which we are also 
investigating later in this present work. The extremes have not only increased in terms of 
occurrences, but also in terms of magnitude. We compute the trend of seasonal maxima at all the 
stations (Fig. 1(b)-(g)). We find increasing trend of the same at all the locations at a statistical 
significance with maximum p-value of 0.11. Four out of six stations have increasing trends of extreme 
streamflow at the statistical significance of 5% level. Such consistent changes show alarming increase 
in extreme streamflow conditions in WH Rivers, for both, occurrences and intensities. The two 
stations Rampur and Uttarkashi show increasing trend and are statistically significant at 12% level. 
Increases in river flow of Himalayan basins are typically attributed primarily to the increase in glacier 
and snow melt. Here we examine the association between the increase in extreme flow and 
precipitation. The Himalayas play a unique role in generation of precipitation by blocking monsoon 
circulations in summer (JJAS) and extra-tropic winds during winter (DJF). The former results into 
rainfall and floods in the Ganga basin during summer monsoon; while the latter results into extreme 
precipitation due to WDs during winter season, mostly in the Indus basin. Considering this fact, we 
have analyzed the association of extreme precipitation to flooding separately for Ganga and Indus 
basin with summer and winter precipitation, respectively (Fig. 3 and Fig. 4). The precipitation regime 
of the upper Ganga basin is monsoon-dominated, which results in a rain-dominated runoff regime. 



We plot the seasonal maxima time series of the spatial average of summer monsoon rainfall over the 
WH region, 28°N-37°N, 73°E-80°E and find a steady increasing trend since 1901 (Fig. 3(a)). Further, 
the peaks have increased notably since 1980. We further plot the spatial map of precipitation 
corresponding to the day and the previous day for which the extreme streamflow (exceeding the 
threshold) were observed for Sutlej and Ganga (Bhagirathi). These plots are presented for the events 
occurring during the two periods 1980-1991 and 1992-2003 (Fig. 3(b)-(e)). We find increased values 
of composites of extremes with a higher spatial extent during the recent period as compared to the 
past. This clearly indicates the increase in flooding during summer monsoon over Ganga basin due to 
the intensification of extreme monsoon precipitation.  
 Precipitation in the WH region (Indus basin) during the winter (DJF) season constitutes 40–
45% of the annual precipitation. Observed precipitation data shows significant increasing trend in the 
winter seasonal maxima of averaged rainfall over the WH region since 1901 (Fig. 4(a)). We follow the 
same methodology as used in Fig. 3 for winter extreme discharge and associated precipitation. We 
find similar conclusions as obtained for summer season (JJAS). For winter season, the flooding occurs 
a day after the extreme precipitation, as visible from Fig. 4(b)-(e). This again clearly depicts the 
strong association between the flooding of WH and extreme precipitation over the same region.  
It is also important to understand the nature of background atmospheric conditions for winter 
extremes. The dominant mechanism that drives the precipitation over the WH region during the 
winter season occurs in association with synoptic weather systems that propagate eastward from the 
Mediterranean region toward South Asia. These extratropical-like disturbances, known as WDs are 
embedded in the subtropical westerlies. They often produce significant rainfall over WH by extending 
down to lower atmospheric levels over the north Indian latitude. Incursion of moisture from Arabian 
Sea adds up to the rainfall over the WH. We find that the geopotential height anomaly at 500 hPa 
and the anomaly of relative vorticity at 500 hPa  prior to maximum winter discharge at stream-gauge 
stations during two time periods 1980-1991 and 1992-2003. The mid-level atmospheric patterns just 
prior to extreme flood discharge have changed, with the WH region under a lower pressure regime 
and consequently greater positive vorticity in recent years.  
The WH Rivers do not reach the plains from their elevated sources gradually. They exhibit 
downstream steepening over multiple active fault structures, e.g., the Main Central Thrust. Such 
increases in channel gradients via tectonic forcing increase the unit stream power resulting in higher 
incision rates. Extreme geomorphic events are known to define the long profile of a riven channel; as 
tectonic forcing alters the channel gradient contributing to higher incision rates. Steeper channel 
gradients enhance the soil erosion and sediment transport capacity of a river in the upper parts, 
resulting in a higher differential of sediment transport capacity as the rivers approach the plains. 
Consequently, the sedimentation along flood plains is also enhanced. This higher potential for channel 
incision as well as sedimentation imparts destructive potential to the WH Rivers.  
Past studies have employed channel steepness to approximate long-term erosion rates (28). 
Recently, the same has also been employed as a proxy for the distribution of incision (and 
sedimentation) along the channel during extreme events. For example, the spatial pattern of channel 
steepness prior to the flooding event in Uttarakhand, northern India, in June 2013 was consistent 
with the topographic modification along the Mandakini River due to the event. The channel steepness 
technique can be effectively employed to quantify the flash flood potential of a WH river profile, as 
well as an estimator of the impacts of extreme flood events in future. We analyze the long river 
profiles of Sutlej and Bhagirathi in the WH region using the recently developed chi analysis approach, 
which expresses tectonic- climate forcing through topography (see Methods). Here χ (chi) refers to a 
transformed coordinate which has the dimensions of length. A χ elevation space for a channel that 
has undergone stepwise increases in uplift rates will show two or more segments appearing convex 
up in the χ plot. Channel elevations plotted against χ or Mχ (gradient of transformed profile in χ 
elevation space) allow comparisons between channel segments with differing drainage area. 
We have followed methodology by Mudd et al. (2014) (29) to extract χ and Mχ with reference 
drainage area equal to 1 sq. km. We focused on the primary channels of the two rivers. Fig. 5(a) and 
(c) shows the transformed profiles of rivers Sutlej and Bhagirathi respectively, depicting a stepwise 
increase in uplift rates. The headwaters have relatively low Mχ values of less than 3 (Fig. 5(b) and 
(d)) but the downstream steepening is visible as the rivers descend and we encounter multiple 
stretches with high Mχ values (increased risk of incision), followed by significantly horizontal stretches 
(increased risk of sedimentation). This is a distinct geomorphic signal of the flash flood potential of 
the WH Rivers. 



We find more than doubling of occurrences on extreme flood situations in the WH Rivers and this 
may have significant impacts in terms of human and economic losses due to high vulnerability of the 
region. Earlier studies confirm increase in extreme precipitation over the same region; however, no 
study was available with the observed streamflow data. We present the first analysis of the same and 
find more severe increase in extreme streamflow, which is not only attributable to the increased 
precipitation or snowmelt but also to the geomorphic condition of the region that causes extreme 
precipitation to result into severe floods. This finding, when compounded with the ground reality 
where currently there is no real time flood forecasting system operational in this region, emphasizes 
the urgent need of the same for the 17 million population of the region. Though there exists an 
operational rainfall forecast system in India, a regionally dedicated, high-resolution system is needed 
especially since the geomorphology of the region plays an important role in generating flash flood. 
The flooding during 2013 over the Uttarakhand region is one such example. There is a need to 
develop a flood forecasting system that may integrate multiple components such as, data assimilation 
scheme, meteorological forecasts, hydrological forecasts, hydraulic routing of flood in complex terrain 
and visualization of the same. Further to this, there is also an urgent need to perform flood plain 
zoning of WH river plains considering the intensification of extreme flood situation. 
 
2.Understanding phenology and the role of temperature and radiation on vegetation of 
Western Himalayas. 
Climate of the Indian sub-continent has a strong seasonality due to the Monsoon phenomena and 
such seasonal patterns vary inter-annually. Variations of climate variables at intra and inter-annual 
scale have huge impacts on the eco-system function, specifically on vegetation phenology. 
Understanding of such impacts is of immense importance for assessing impacts of changing climate 
on Indian forests; however, such analysis is yet to be performed. Here, we present the first study on 
the relative contribution of two important climate variables, Radiation and Precipitation, on the 
phenology of vegetation in Western Himalayn forests based on the data retrieved from remote 
sensing satellite images. We use MODIS Enhanced Vegetation Index (EVI) as a measure of greenness 
of the forests.  
Daily gridded precipitation data provided by the India Meteorological Department (Pai et al., 2014) 
and the Direct Normal Irradiance data at 10 km resolution provided by the NREL’s (National 
Renewable Energy Laboratory) National Solar Radiation Database (NSRDB) (developed using weather 
satellite (METEOSAT) measurements) are employed to understand the dependency of vegetation on 
climate variables. The 16 day composite enhanced vegetation index (EVI) product of the moderate 
resolution imaging spectroradiometer (MODIS) aboard the NASA’s Terra satellite is used to 
understand the changes in vegetation pattern. The data available at 
https://ladsweb.nascom.nasa.gov is a level-6 product available at 250 m resolution. A quality filter 
provided with the data is applied to it in order to rectify the effect of clouds, aerosols and other 
disturbances. The study is done over a period of 11 years from 2003 to 2013. 
A pixel wise quality filter provided with the MODIS EVI product specifies the site conditions under 
which the data was acquired and applying this to the forest pixels extracts only the high quality pixels 
for the study. The different bits of the QA filter corresponds to different properties like VI Quality (bits 
0-1), VI usefulness (bits 2-5), aerosol quantity (bits 6-7), adjacent clouds (bit 8), mixed clouds (bit 
10), possible shadow (bit 15) etc. The minimum quality requirements for the MODIS data are 
considered to create a quality mask for the data. (Fig 6). The preliminary results are presented in 
Fig.s 7. 



 

 
Fig. 1. Geographical locations of discharge measuring stations (a), and the time series of scaled maximum seasonal (JJAS) discharge at Deoprayag (b), 
Mandakini (c), Alaknanda (d), Uttarkashi (e) and seasonal (DJF) maximum discharge at Suni (f), and Rampur (g). The unscaled seasonal (DJF) maximum 
discharge is in cumec. 
 



   
Fig. 2. (a) Ratio of occurrences of extreme rainfall between the two periods (1992 to 2003) and (1980 to 1991). The occurrences are counted based on the 
threshold value of long term mean of annual maxima. Occurrences of streamflow extremes and its consistent increase during recent decades (b). 
 



 
Fig. 3. Trend of summer monsoon (JJAS) rainfall over WH (28°N-37°N, 73°E-80°E) at 0.25◦ spatial resolution. The data is collected from India Meteorological 
department. Fig (a) shows zonal mean seasonal maxima of daily rainfall (in mm/day) for JJAS season over the period 1901-2012. The anomaly of 
precipitation (in mm/day) prior to maximum summer season discharge at stream-gauge station during two time periods, 1980-1991 (b, c) and 1992-2003 (d, 
e).



 
 

 
Fig. 4. Trend of winter (DJF) rainfall over WH (28°N-37°N, 73°E-80°E) at 0.25◦ spatial resolution. The data is collected from India Meteorological department. 
Fig (a) shows seasonal maxima of daily rainfall (in mm/day) for DJF season over the period 1901-2012. The anomaly of precipitation (in mm/day) prior to 
maximum winter (DJF) discharge at stream-gauge station during two time periods, 1980-1991 (b, c) and 1992-2003 (d,e). 



 

 
Fig. 5. Chi analysis of two WH rivers, namely Sutlej (Himachal Pradesh) and Bhagirathi (Uttarakhand) reveals abruptly changing chi slopes along both river 
courses. The normalized longitudinal profiles of Sutlej (a), and Bhagirathi (c) in chi-elevation space; the A0 value was 1 sq. km. and the m/n values were 0.7 
and 0.57 respectively. The river long profiles of Sutlej (b), and Bhagirathi (d), color-coded with chi slope (Mx) values. Note the abrupt step-wise changes in 
Mx along the longitudinal course. 



 
Fig. 6. Methodology for filtering remote sensing data



 
Fig. 7: Climatology Radiation, Precipitation and Vegetation Phenology. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



IISc Bangalore 
 
This project has several related objectives about climate change in the Himalayan region. One objective of 
this project is to understand change in biodiversity over the Indian Himalayan region during the past 
decades. Vegetation change due to altered phenology is of high interest in mountainous regions. Vegetation 
can undergo change in biomass in response to climate factors such as alteration in precipitation and 
temperature. Vegetation responses can vary by seasons as well. Collectively, seasonal indicators of 
vegetation change can provide information on whether degradation is prevalent or not (i.e., long-term 
greening/browning over decades).  
We used long-term satellite-based measurements of leaf area index (LAI) between Jan-2001 to Dec-2016. 
We used the MODIS LAI data at 1-km resolution. MODS-LAI data are available as 8-day composites, with 42 
datapoints per year between 2001 and 2016. We analyzed vegetation trends as date-wise change in LAI (i.e, 
ΔLAI) over this period for Himachal Pradesh and Uttarakhand. Trend analysis was based on slope of Thiel-
Sen regression (i.e., Sen’s slope). Unlike ordinary least-squares (OLS) regression, Thiel-Sen regression is 
based on median instead of the mean, and therefore, is less susceptible to outliers in the data. In absence of 
outliers, both procedures converge to the same solution.  
Briefly, Sen’s slope is estimated from the median of a set of pairwise observations as calculated by the 

median of set of slopes of joining pairs of points  for . The regression 

coefficient for n observations is calculated by Mann-Kendall correlation as:   

 

Where,  

Since NDVI time-series data can be inherently noisy, this approach is known to be more suitable for 
interpreting trends when compared to OLS regression.  
We found that the seasonal change in LAI varies across broad elevational categories. Across the Western 
Himalayas, the treeline occurs near 3500 m elevation, asl. We find that the lower elevations (foothills to 
treeline) show greening in spring (late-March to mid-April), whereas the region near the treeline shows 
browning in the same period. Further, the trend reverses in summer (June-July). In summer, the regions 
near the treeline show greening, whereas browning is more prominent in the lower elevations (Fig. 1).  
This trend suggests that climate change mediated vegetation responses seem to vary by altitude. High and 
low elevations are differentially impacted at different seasons. So, vegetation phenology responses are 
pluralistic, and this complexity needs to be accommodated in planning and adaptation discussions.  
 



 
Fig. 1.  
Areas above the treeline in Himachal Pradesh and Uttarakhand (3500 m) are highlighted in the top row. 
Trends in leaf area index (ΔLAI) between 2001 and 2016, for spring is shown in the middle row. 
Corresponding ΔLAI for summer is shown in the bottom row. Patterns indicate opposite trends in low 
versus high elevation regions in spring and summer (vegetation greening/browning). The treeline has 
undergone vegetation decline (browning) in spring, when lower regions have greened. The reverse has 
occurred in summer.  

Ongoing and future work:  
We have assessed long-term trends using robust Sen’s slope approaches. This has identified hotspots of 
greening and browning in Himachal Pradesh and Uttarakhand. However, there are some statistical caveats 
over interpretation of trends in long-term time-series data, that are not fully incorporated yet. These are 
related to (a) spatial auto-correlation, and (b) temporal auto-correlation.  
In ongoing and future work, we will identify the influence of spatial and temporal auto-correlation in these 
results. For spatial autocorrelation, we will analyze these data to identify the degree of clustering in patterns 
(e.g., Moran’s I). If patterns are positively clustered then they would represent true hotspots. Otherwise, 
they would represent diffused greening/browning, which is rather difficult to address though conservation 
planning.  
For temporal auto-correlation, we will analyze these data with a 1st order serial autocorrelation statistical 
model. Briefly, for a simple linear model we have:  

 
where Yt is the time-series variable at time t, μ is a constant, Tt is the trend over time, and εt is noise. The 

simplest trend is linear, so that , where β is the slope over time. Now, noise, or error, is represented 

by an kth order autoregressive term AR(k),  



 
where φr represent the auto-regressive process, and ηt is white noise. Thus, for a 1st order auto-regressive 
model becomes:  

 
Presently, we are implementing these analyses for MODIS LAI data. After analysis of spatial and temporal 
auto-correlation, this component of the project will be able to offer robust estimation of vegetation change. 
This analysis is computationally very intensive, and results will likely become available over the next 3-4 
months. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Nature Conservation Foundation 
 
1. Using Citizen Science to augment bird distributional layers for Uttarakhand 
The Indian Himalayan region has depauperate records of bird distributions, concentrated largely in the 
foothills and popular destinations. Focussing on data contributed to the global bird observation database – 
eBird, we undertook an exercise to identify gaps in bird observations contributed by citizen scientists, in 
Uttarakhand. We focused on gaps that are near major highways, outside protected areas and close to areas 
that are likely to offer convenient travel logistics. 
 
Methods 
We downloaded all the data submitted to eBird for Uttarakhand until 2017. For consistency and reliability we 
considered only those observations with distances less than 5 km or time less than 15 minutes.   
 

 
We created shapefiles for 3 broad elevational bands: 1500 to 2000m, 2000 to 2500 and 2500 to 3000m. We 
imported these layers along with the eBird data to Google Earth and identified gaps, i.e., large areas with no 
submitted checklists, near accessible routes (Fig. 2).  
We have begun to incentivise focused birding efforts in these identified gaps by conducting workshops for 
eBird in Uttarakhand. So far, 6 workshops have been conducted in various parts of the state, including 
Dehradun, Pawalgarh, Asan and Ramnagar. The identified gaps have been shared with workshop audiences 
and also via web portals. We will again examine ebird records at the end of 2018 for the Uttarakhand region, 
to see the impact of our citizen science activities.  

 

Fig. 1: Spatial distribution of observations against 
DEM (higher elevations in shades of white). 

 



  
 
2. Examining species responses to climate change using velocity models  
Compared to other taxa which can track changes in climate by moving, plants are immobile, relying on both 
biotic and abiotic dispersers to migrate. Thus, even small distances to reach future suitable habitats may 
pose a barrier to movement, contingent on the dispersal agents of the plants.  
Among the forest types which are likely to be affected by changing climates are tropical dry forests (TDF) 
which are among the most threatened forest types globally (Janzen 1988). TDFs are projected to undergo 
~45% change in vegetation type by 2085 due to climate change in the Indian subcontinent (Chaturvedi et 
al. 2011) where they account for more than 40% of the forested area (Chaturvedi et al. 2011).  Despite this, 
no study has examined the potential of these forests to track climate change. 
TDFs in India are largely dispersed by animals and through mechanical means (Prasad 2011). In the 
northern distribution of TDFs which occurs in the foothills of the Himalayas, dispersers range from short-
distance dispersers like civets to long-distance dispersers and altitudinal migrants like the Himalayan black 
bear and black bulbuls respectively. Disperser species may also be replaced altitudinally, with each disperser 
contributing different dispersal services. 
Using a functional classification that summarises the functional traits relevant to seed dispersal, of both the 
dispersers and TDFs into disperser functional groups (DFG) and plant functional groups (PFG) respectively, 
will enable us to compare the seed dispersal services of dispersers and understand the traits of dispersers 
and plants that are most likely to help TDFs track climate change velocities. 
In this study we propose to a) examine the climate change exposure with respect to temperature and 
precipitation of tropical dry forests in the Himalayan foothills, b) compare the dispersal velocities of DFGs 
with the velocity of climate change, c) understand whether there are likely altitudinal replacements of 
disperser functional groups and d) examine the traits of DFGs and PFGs that are likely to help TDFs track 
climate change velocities 
 
Methods 
Prior to arriving at the above questions, we conducted a literature review on climate velocity and the 
response of birds to warming climates  in montane regions. Due to a lack of data on the distribution of birds 
in the Himalayas, we focussed on trees which have relatively better distribution data in the form of forest 
type distribution maps. 
Detailed methods are below: 
a) We will follow the algorithms in Hamann et al. (2015) to examine the velocity of climate change of 
temperature and precipitation from 2000 to 2100 within the distribution of TDF in the Himalayan foothills. 
The velocity of climate change is calculated as the shortest geographical distance from each of the present 
temperature (precipitation) cells to future temperature (precipitation) cells that are within a user-defined 
threshold, divided by the number of years between the current and fututre climate.  

Fig. 2: Gaps in eBird checklists (indicated by a yellow placemark) in Uttarakhand 



 
The climate velocity algorithm requires climate layers at fine resolutions. We explored various datasets, from 
data modeled using regional climate models in Dr. AP Dimri’s lab in JNU, to publicly available datasets such 
as WORLDCLIM and CHELSA. We finalised on CHELSA as it provides temperature and precipitation data at a 
resolution of 1 km2, which is shown to be more accurate for the Himalayas compared to WORLDCLIM, and 
is at a higher resolution than data derived from regional climate models. 
The climate velocity algorithm will be run within the extent of TDFs in the foothills of the Himalayas. We are 
currently exploring whether we canuse a layer from Bhuvan which indicates the extent of deciduous forests 
or digitise the extent of TDF ourselves.  
 
b) To calculate the maximum distance TDFs can move within a given period, we need to know the number 
of dispersal events within that time period (Corlett and Westcott 2013). The number of dispersal events is in 
turn determined by the time to first reproduction of each PFG. So the dispersal velocity can be calculated as: 
 
dispersal velocity= maximum dispersal distance/time to first reproduction 
 
We will do a literature review of representative species from different plant functional groups to  gather data 
on  their time to first reproduction. 
 
c) To understand whether there are altitudinal replacements in disperser functional groups we will build a 
trait matrix of different DFGs within each of their altitudinal distribution bands. 
 

3. Species distribution modeling of plant species along the tree line in Indian Himalayan 
Region 
Juniper species are important elements of the forest vegetation in the Lahaul valley in the north-western 
Himalayas. Their ability to grow under the barren and xeric conditions of cold deserts makes them 
particularly suited for restoration programmes in these regions. 
Excessive removal of Juniper wood and leaves by the local population, overgrazing, habitat fragmentation 
and low regeneration potential are the main obstacles to conservation of juniper forests in this region. 
We undertook an exercise to understand areas in the trans-Himalayas of Ladakh that are most suitable 
climatically for the restoration of Junipers. We used Google Earth to select stands of Junipers within a 
gridded area of Ladakh. The climatic variables of these selected areas will then be fed into a MaxEnt model 
to understand climatically suitable areas for Juniper restoration. 
 
Output from MaxENT: 
Fig. 5 represents the suitability map in accordance with the layers/variables used in the MaxENT model for 
junipers. Warmer colors show predicted suitable habitat for junipers White dots show the presence data 
used for, while violet dots show the test locations. Value of each pixel indicates the probability of occurrence 
of Junipers in that particular area but it in no way signifies that the species will definitely be present there. 

Fig. 3: Extent of deciduous forests in Uttarakhand 
extracted from the Bhuvan LULC layer for 
Uttarakhand 



Habitat suitability map depicts that most of the junipers are largely distributed near the slopes towards the 
source of water. High altitudinal areas with snow cover are not preferred by this plant. The Red pixels are 
showing areas of high suitability (value 25 to 100), orange pixels for medium (value 6.2 to 12.5) and green 
pixels for the lowest suitable (value 0.01 to 0.78) area. The altitude of the area and the mean temperature 
have shown to be the most important factors influencing their presence in the area.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 
 
Analysis of 

omission 
and 

commission 
Fig. 6 shows the omission rate and predicted area at different threshold. If omission rate is negative it 
means model predicts unsuitable conditions were having occurrence sites. 

 

 
 

Fig. 6 
Sensitivity vs. specificity 
It is the graph (Fig.) of the area under ROC curve. The value of AUC is closer to 1 shows beter model 
performance. Here it is 0.9 AUC values indicate better model performance. 

 



 
Fig. 7 

 
Jacknife curve 
It measures importance of environmental variables. It excludes each environmental variable each time to 
observe what will be effect on the model without this variable. It represents importance of each 
environmental variable. Jacknife plot (Fig. 8) represents that elevation had most useful information and 
highest gain when used in isolation. That isn’t present in the other variables.Red bar represents model 
performance with all environmental variables. Blue bar shows performance with each variable alone and 
light blue bar represents model performance without each variables. If the dark blue bar is high, it means 
highest gain and had most useful information when used in isolation. And when light blue is low it means 
reduces the gain when it is omitted. 

 
Fig. 8 

Response graphs 
These plots are provided for each and every environmental variable were used in modeling. There is two 
parts for all variables. First part of response curve shows change in each and every environmental variable 
where all the variables held constant. Second part represents the scenario if a model were run using only 
the charted variable. These graphs are basically representing estimates of relative contribution of each 
variable. 



 
Figs. 9-16 

 
Discussion and Conclusions 
Ladakh is a high altitude cold desert where only the ones with a high resistance to cold like junipers can 
grow but that too up to a certain altitude and in areas where there is a source of water nearby. Our model 
outputs based on model reached an excellent and accurate level with higher AUC values indication the 
probability of occurrence in these places which verifies the literature published on them. 
 


