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ABSTRACT

The current paper attempts to understand the possible impacts of climate change on the forest of Kanha Tiger Reserve, 
Madhya Pradesh using different climate models and remote sensing techniques. The aim of the study was to assess the 
response of natural vegetation to climate drivers. Different sources of climate data over a time period of 33 years and 
satellite images of the different time period were used for the study. Normalised Difference Vegetation Index (NDVI) and 
climate variables (rainfall and temperature) were analyzed for detecting the change in vegetation. The change in vegetation 
was correlated with change in variability of precipitation and temperature. The results showed that on an average there is 
variation in the vegetation status with the change in climate variables. Further, it can be recommended that integrating 
regional climate models and remote sensing techniques can better help in understanding the present and future impacts of 
climate change on forest ecosystems and can contribute in planning effective adaptation strategies in the forestry sector. 
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Integrated approach involving application of different climate models, remote sensing techniques and 
field survey could help in planning the future adaptation strategies in forestry sector at state/regional/ 
country levels.

Introduction

Climate Change is a global concern as it is affecting 
physical and biological systems across the globe (INCCA, 
2010; IPCC, 2014). Climate is possibly the most important 
factor in determining the type, composition of vegetation 
globally and has a significant influence on the distribution, 
structure and ecology of forests (Chaturvedi et al., 2011). 
Forests play a major role in the present and projected 
future carbon budget. The world's forests have absorbed 
30% (2 petagrams of carbon per year) of annual global 
anthropogenic CO  emissions (Bellassen and Luyssaert, 2

2014). Thus, forests are important both from climate 
change mitigation as well as adaptation point of view. The 
distribution of vegetation is mostly dependent on rainfall 
and temperature which in turn are influenced by climate. 
It is increasingly being realized that natural ecosystem is 
becoming vulnerable to climate change and may bring 
changes in biodiversity, a shift in distribution pattern and  

productivity etc. (Ravindranath et al., 2006; Chaturvedi et 
al., 2011). In the Indian context, climate change is inducing 
an additional stress on ecological and socioeconomic 
aspects. The poor and rural communities which are 
comparatively more dependent on ecosystem services 
are, therefore, likely to be more affected by deteriorating 

environmental conditions and factors limiting resource 
availability.

Climate change is one of the key drivers of the 
interannual variation in vegetation activity. Analysing the 
pattern of NDVI, temperature and rainfall over a long 
period would help in understanding the relationship 
between terrestrial ecosystems and climate system. 
Therefore, there is an immense need for research to 
investigate the correlation between NDVI and climate 
factors. Many studies have attempted to understand the 
relationships between NDVI and climate factors in 
different geographic regions and ecosystems. However, 
the mechanisms of the response of vegetation to climate 
change are still not clear (Wang et al., 2003). Most of these 
studies have related NDVI with climate factors during the 
growing season or examined their spatial changes (Suzuki 
et al., 2000). Some studies have focused on the 
relationships between change in NDVI and climate 
variables in different seasons to described their spatial 
patterns (Wang et al., 2003). However, there are no studies 
focusing on the study of vegetation change and 
relationship between NDVI and climatic parameters in 
tiger reserve which is a protected area having the least  
anthropogenic interference, therefore the study in this 
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area is of significance. This study was done with the aim to 
understand the variability of past climate data from 
different sources and to assess the change in the 
vegetation of Kanha Tiger Reserve.

Study area
0Kanha Tiger Reserve (KTR) with coordinates 22.33  

0 2N, 80.63  E stretches over 940 km  in the two districts of 
 Mandla and Balaghat (Fig.1).KTR is divided into buffer and  

core area with six ranges in each zone. The forest is mixed 
type and sal (Shorea robusta) is the dominant species. 
According to the Tiger Conservation Plan of KTR, the 
climate of the district is tropical monsoonal type with 

otemperature ranging from -2 C (winter) to 45°C (summer). 
Average annual rainfall is around 1300mm with maximum 
precipitation in monsoon.

Data and Methodology

Dataset used 

Brief details of datasets (Table 1) and grid points 
(Table 2) used in the study are given below.

To understand the variability of past climate data, 
0 0precipitation datasets of IMD1 (0.5 X 0.5 ) for the time 

0 0 0period (1972-2005), IMD2 (0.25  x 0.25 ) and REMO (0.5 X 
00.5 ) for the time period (1972-2015) were used. Local 

weather station data for the time period (1998-2008) was 
taken from forest range office which would support in 
investigating the local climate trend of buffer and core 
areas. An intercomparison and evaluation of two existing 
IMD precipitation datasets along with climate model 
(REMO) was done for the given study area. Correlation is 
calculated for intercomparison of different datasets within 
different grids. Further for objective 2, ArcGIS and ERDAS 
software was used for analyzing the remote sensing data. 
Satellite images of different time period Landsat-5 (1990) 
and Landsat-8 (2016) of January along with post monsoon 
images of Landsat-7 (2000) and Landsat-5 (2008) of 
November was acquired from USGS server. The images 
were processed, compared and interpreted along with 
calculation of NDVI. Change detection was done by 
supervised classification in ERDAS for calculating the 
change in forest cover in the core and buffer zones of 
Kanha Tiger reserve. The flowchart of the methodology is 
given in Fig.2.

Results and Discussions

Climate data analysis

Annual Precipitation and total number of rainfall days: 
Average annual precipitation of three sources of datasets 

0 0  0 0IMD1 (0.5 X0.5 ), IMD2 (0.25 X0.25 ) and REMO 
0 0(0.5 X0.5 ), are represented in the graph (Fig.3) showing 

variation in the precipitation pattern with a decrease in 
annual precipitation. There was an increase in annual 
precipitation in 1994 (1813mm) and decrease in annual 
precipitation i.e. 873mm in the year 2000 in IMD1. REMO 
showed highest precipitation 1922mm in 2008 and lowest 
742mm precipitation in 2003. IMD2 indicated 2962mm 
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precipitation in 1998, which is highest precipitation and 
608mm as lowest precipitation in 2006. A total number of 
rainfall days varies in all the three datasets (Fig.4) 
representing a decrease in a total number of rainfall days. 
with IMD1 having 193 as highest rainfall days in 1999 and 
lowest 83 rainfall days in 1972. Moreover, REMO showed 
235 rainfall days in 1984 and lowest 129 rainfall days in 
2010. In IMD2, highest and lowest rainfall days are 197 in 
the year 1998 and 85 days in the year 1992. 

Seasonal variability: For analyzing the seasonal variability, 
months are categorized into seasons namely, summer 
which spans from March to May, monsoon (June to Sep), 
post monsoon (Oct to Nov) and winter (Dec to February). 
During MAM, there is similar precipitation trend in IMD1 
and IMD2 whereas REMO results in overestimation [Fig 
5(a)]. Moreover, during monsoon season (JJAS), IMD1 and 
REMO showing similar trends whereas IMD2 indicated an 
abrupt increase in precipitation 2383mm during 1998 and 
decrease in precipitation i.e. 530mm during 2006 [Fig 
5(b)]. During October-November, REMO displayed 
overestimation in precipitation results, in comparison to 
IMD1 and IMD2 [Fig 5(c)] while in winter months (DJF) all 
the three data sources displayed similar precipitation 
trend showing decrease in rainfall [Fig 5(d)].
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Fig. 1: Kanha Tiger Reserve.

Table 1: Brief details of datasets used in the study 

Data sets Short name used in the study Spatial resolution (lat x lon) Data period
0 IMD IMD1 0.5 X 0.5 1971-2005
0 0IMD IMD2 0.25  X 0.25 1971-2015
0 0REMO REMO 0.5  X 0.5 1971-2015

Local weather station LWS 1993-2014

0

IMD1-0.5  X 0.5   
0 0(Year-1972-2005) (Year-1972-2015) (0.5  X 0.5 ) (Core, Buffer range) 

(Rajeevan et al., 2009) (Pai et al, 2014) (Year-1972-2015) Year-1994-2008

Grid1-80.25E-21.75N Grid1-80.52E-22.31N Grid1-80.25E-21.75 N Grid1-80.93E-22.17 N
Grid2-80.75 E-22.25 N Grid2-80.56E-22.18N Grid2-80.75E-22.25 N Grid2-80.54E-22.29N
Grid3-81.25E-22.75N Grid3-80.79E-22.22N Grid3-81.25E-22.75N Grid3-80.93E-22.17 N

Grid4-80.67E-22.15N
Grid5-80.80E-22.19N

0 0 0IMD2-0.25 x 25 REMO Local Weather Station

Table 2: Brief details of grids used in the study. 

Fig 2: Methodology flowchart

Fig. 3: Average annual precipitation

Fig. 4: Total number of rainfall day.

Fig. 5(a): Precipitation during March to May. Fig. 5(b): Precipitation during Jun to September.

There is an increase in average annual temperature 
0as seen in figure 6(a) reaching upto 24 C in 2014 in 

comparison to previous years. Figure 6(b) showed the 
trend of seasonal variations in temperature. There is an 

0increase in temperature reaching upto more than 30 C 
during MAM while monsoon months (JJAS) indicated 
slight fall in temperature i.e. 28°C and low temperature 
during Oct-Nov. Model overestimates the values of 
temperature during winter months (DJF). It is to be noted 
that while computing correlation analysis taking into 
account for 33years (1972-2005) in SPSS it is seen that 
among all the three gridded datasets, IMD1 and IMD2 are 
positively correlated (N=33, Correlation=0.561, Sig=.001) 
and IMD1 and REMO didn't have significant correlation. 

Local weather station data

For detail investigation of climate data in core and 
buffer areas, it is of great importance to analyze the local 
weather station data, as it will support the study and help 
in determining the variations in climate variables at 
regional/local level. Kanha range indicated a decline in 

 
Objective 1 Objective 2

Climate Data
Precipitation, Temperature

Sources -IMD,REMO, LWS

Resolution
IMD1 (0.5ºX0.5º)

IMD2 (0.25 ºX0.25º)
REMO model (0.5 ºX0.5º)

Intercomparison
1. Annual rainfall

2.Seasonal rainfall
3. No. of rainy days

Correlation analysis (SPSS) 

Change Detection
Change in Core and Buffer 

area in a time period of 1990-2016

Satellite images
Landsat-5(1990-2008), 

Landsat-7 (2000), 

Landsat - 8 (2016)

FCC formation
Area of interest formation

NDVI
Image difference 
(@10%threshold)



922

area is of significance. This study was done with the aim to 
understand the variability of past climate data from 
different sources and to assess the change in the 
vegetation of Kanha Tiger Reserve.

Study area
0Kanha Tiger Reserve (KTR) with coordinates 22.33  

0 2N, 80.63  E stretches over 940 km  in the two districts of 
 Mandla and Balaghat (Fig.1).KTR is divided into buffer and  

core area with six ranges in each zone. The forest is mixed 
type and sal (Shorea robusta) is the dominant species. 
According to the Tiger Conservation Plan of KTR, the 
climate of the district is tropical monsoonal type with 

otemperature ranging from -2 C (winter) to 45°C (summer). 
Average annual rainfall is around 1300mm with maximum 
precipitation in monsoon.

Data and Methodology

Dataset used 

Brief details of datasets (Table 1) and grid points 
(Table 2) used in the study are given below.

To understand the variability of past climate data, 
0 0precipitation datasets of IMD1 (0.5 X 0.5 ) for the time 

0 0 0period (1972-2005), IMD2 (0.25  x 0.25 ) and REMO (0.5 X 
00.5 ) for the time period (1972-2015) were used. Local 

weather station data for the time period (1998-2008) was 
taken from forest range office which would support in 
investigating the local climate trend of buffer and core 
areas. An intercomparison and evaluation of two existing 
IMD precipitation datasets along with climate model 
(REMO) was done for the given study area. Correlation is 
calculated for intercomparison of different datasets within 
different grids. Further for objective 2, ArcGIS and ERDAS 
software was used for analyzing the remote sensing data. 
Satellite images of different time period Landsat-5 (1990) 
and Landsat-8 (2016) of January along with post monsoon 
images of Landsat-7 (2000) and Landsat-5 (2008) of 
November was acquired from USGS server. The images 
were processed, compared and interpreted along with 
calculation of NDVI. Change detection was done by 
supervised classification in ERDAS for calculating the 
change in forest cover in the core and buffer zones of 
Kanha Tiger reserve. The flowchart of the methodology is 
given in Fig.2.

Results and Discussions

Climate data analysis

Annual Precipitation and total number of rainfall days: 
Average annual precipitation of three sources of datasets 

0 0  0 0IMD1 (0.5 X0.5 ), IMD2 (0.25 X0.25 ) and REMO 
0 0(0.5 X0.5 ), are represented in the graph (Fig.3) showing 

variation in the precipitation pattern with a decrease in 
annual precipitation. There was an increase in annual 
precipitation in 1994 (1813mm) and decrease in annual 
precipitation i.e. 873mm in the year 2000 in IMD1. REMO 
showed highest precipitation 1922mm in 2008 and lowest 
742mm precipitation in 2003. IMD2 indicated 2962mm 

The Indian Forester [September

precipitation in 1998, which is highest precipitation and 
608mm as lowest precipitation in 2006. A total number of 
rainfall days varies in all the three datasets (Fig.4) 
representing a decrease in a total number of rainfall days. 
with IMD1 having 193 as highest rainfall days in 1999 and 
lowest 83 rainfall days in 1972. Moreover, REMO showed 
235 rainfall days in 1984 and lowest 129 rainfall days in 
2010. In IMD2, highest and lowest rainfall days are 197 in 
the year 1998 and 85 days in the year 1992. 

Seasonal variability: For analyzing the seasonal variability, 
months are categorized into seasons namely, summer 
which spans from March to May, monsoon (June to Sep), 
post monsoon (Oct to Nov) and winter (Dec to February). 
During MAM, there is similar precipitation trend in IMD1 
and IMD2 whereas REMO results in overestimation [Fig 
5(a)]. Moreover, during monsoon season (JJAS), IMD1 and 
REMO showing similar trends whereas IMD2 indicated an 
abrupt increase in precipitation 2383mm during 1998 and 
decrease in precipitation i.e. 530mm during 2006 [Fig 
5(b)]. During October-November, REMO displayed 
overestimation in precipitation results, in comparison to 
IMD1 and IMD2 [Fig 5(c)] while in winter months (DJF) all 
the three data sources displayed similar precipitation 
trend showing decrease in rainfall [Fig 5(d)].

2017] 923Application of regional climate models in assessing climate change impact on forest of Kanha Tiger Reserve

Fig. 1: Kanha Tiger Reserve.

Table 1: Brief details of datasets used in the study 

Data sets Short name used in the study Spatial resolution (lat x lon) Data period
0 IMD IMD1 0.5 X 0.5 1971-2005
0 0IMD IMD2 0.25  X 0.25 1971-2015
0 0REMO REMO 0.5  X 0.5 1971-2015

Local weather station LWS 1993-2014

0

IMD1-0.5  X 0.5   
0 0(Year-1972-2005) (Year-1972-2015) (0.5  X 0.5 ) (Core, Buffer range) 

(Rajeevan et al., 2009) (Pai et al, 2014) (Year-1972-2015) Year-1994-2008

Grid1-80.25E-21.75N Grid1-80.52E-22.31N Grid1-80.25E-21.75 N Grid1-80.93E-22.17 N
Grid2-80.75 E-22.25 N Grid2-80.56E-22.18N Grid2-80.75E-22.25 N Grid2-80.54E-22.29N
Grid3-81.25E-22.75N Grid3-80.79E-22.22N Grid3-81.25E-22.75N Grid3-80.93E-22.17 N

Grid4-80.67E-22.15N
Grid5-80.80E-22.19N

0 0 0IMD2-0.25 x 25 REMO Local Weather Station

Table 2: Brief details of grids used in the study. 

Fig 2: Methodology flowchart

Fig. 3: Average annual precipitation

Fig. 4: Total number of rainfall day.

Fig. 5(a): Precipitation during March to May. Fig. 5(b): Precipitation during Jun to September.

There is an increase in average annual temperature 
0as seen in figure 6(a) reaching upto 24 C in 2014 in 

comparison to previous years. Figure 6(b) showed the 
trend of seasonal variations in temperature. There is an 

0increase in temperature reaching upto more than 30 C 
during MAM while monsoon months (JJAS) indicated 
slight fall in temperature i.e. 28°C and low temperature 
during Oct-Nov. Model overestimates the values of 
temperature during winter months (DJF). It is to be noted 
that while computing correlation analysis taking into 
account for 33years (1972-2005) in SPSS it is seen that 
among all the three gridded datasets, IMD1 and IMD2 are 
positively correlated (N=33, Correlation=0.561, Sig=.001) 
and IMD1 and REMO didn't have significant correlation. 

Local weather station data

For detail investigation of climate data in core and 
buffer areas, it is of great importance to analyze the local 
weather station data, as it will support the study and help 
in determining the variations in climate variables at 
regional/local level. Kanha range indicated a decline in 

 
Objective 1 Objective 2

Climate Data
Precipitation, Temperature

Sources -IMD,REMO, LWS

Resolution
IMD1 (0.5ºX0.5º)

IMD2 (0.25 ºX0.25º)
REMO model (0.5 ºX0.5º)

Intercomparison
1. Annual rainfall

2.Seasonal rainfall
3. No. of rainy days

Correlation analysis (SPSS) 

Change Detection
Change in Core and Buffer 

area in a time period of 1990-2016

Satellite images
Landsat-5(1990-2008), 

Landsat-7 (2000), 

Landsat - 8 (2016)

FCC formation
Area of interest formation

NDVI
Image difference 
(@10%threshold)



precipitation in all seasons [Fig.7(a)] with the lowest 
precipitation during DJF. There was a rise in precipitation 
during monsoon months from 1997 to 1999 and a slight 
decrease in precipitation afterwards 1999. In Supkhar range 
precipitation was decreased during 1995 to 1999 and 
increased during 2006 to 2013 [Fig. 7(b)]. Kisli range showed 
a continuous decrease in precipitation after 1997 during all 
seasons [Fig.7(c)]. All the three ranges showed maximum 

0 0 0temperature reaching upto 35 C in a year and 12 C to15 C as 
minimum average annual temperature[Fig. 7(d)].

Impact on forest of KTR

For analysing the change in forest cover, Landsat-5 
(1990) and Landsat-8 (2016) and Landsat-5 (2000, 2008) 
was analyzed. NDVI is a technique used to measure and 
monitor plant growth, vegetation covers and biomass 
production which is calculated by using visible and near 
infrared light reflected by vegetation. Healthy vegetation 
absorbs most of the visible light that falls on it, and reflects 
a large portion of the near infrared light. Unhealthy or 
sparse vegetation reflects more visible light and less near 
infrared light. NDVI varies from -1 to +1. On comparing the 
NDVI difference images of two time period, there is a 
significant change in NDVI with values varying from -0.51 
to 0.87 during 1990 [Fig 8(a)] and -0.96 ot 0.89 during 2016 
[Fig 8(b)]. Furthermore, during 2000-2008, NDVI ranges 
from 0.79 to -0.2 in buffer and 0.82 to -0.2 in the core.

Changes detected in forest/vegetation cover for 
buffer and core area is displayed in figure 8(c, d). 
Vegetation types are classified as poor (> 10%), low (10 – 
40%), moderate (40-60%) and dense (>60%) (FSI) and is 
represented in figure 8(e,f)]. There is a significant decrease 
in dense, moderate and low forest cover types in the buffer 
during 2016 in comparison to the year 1990 while there is 
an increase in poor forest cover types in the buffer during 
2016[Fig 8(e)]. This may due to many factors like human 
settlement nearby the buffer areas, tourists and 
influenced by other human activities etc. Further, there is 
a slight decrease in dense and low forest cover types while 
moderate and poor forest cover types have increased in 
the core during 2016 [Fig 8(f)]. The reason may be due to 
the presence of intact forest and non-interference of any 
anthropogenic sources within core area. Moreover, 
suitable microclimatic conditions in protected area 
encourage the vegetation to grow and develop 
successfully. Fig. 9(a,b) gives a clear picture of significant 
change in forest cover in the buffer and core during 1990-
2016 at 10% threshold showing enormous decrease in 
vegetation cover in the buffer [Fig.9(a)] in comparison to 
core with a slight change in vegetation cover [Fig.9(b)]. 

Conclusion

The results of the study illustrate the response of 
different climate drivers i.e. precipitation and temperature 
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Fig. 6(a): Annual average temperature. Fig. 6(b): Seasonal variation in temperature.

Fig. 7(a): Seasonal variability in precipitation Kanha 
range. 

Fig . 7(c):Seasonal variability in precipitation at Kisli range.

Fig. 7(b): Seasonal variability in precipitation at 
Supkhar range.

Fig. 7(d):Temperature at Kanha, Kisli and Supkhar range.

Fig. 5(c): Precipitation during October to November.  Fig. 5(d): Precipitation during December to February.

Fig. 8(a): NDVI at Kanha Tiger Reserve during 1990. Fig. 8(b): NDVI at Kanha Tiger Reserve during 2016.

    Fig. 8(c): Change in vegetation cover between 1990 and 2016 in buffer. 
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Fig. 8(d): Change in vegetation cover between 1990 and 2016 in core.

leading to significant change (increase or decrease) in 
forest cover of Kanha Tiger Reserve. Different climate data 
sources IMD1, IMD2, REMO and local weather station data 
were used for comparing the climate variables to obtain 
perfect results at the regional level and the climate trend 
was analyzed. Among all the three gridded datasets, IMD 
(0.25X0.25) and IMD (0.5°X0.5°) are positively correlated 
(N=33, Correlation=0.561, Sig=.001) while IMD and REMO 
showed a negative correlation. Change in the trend of 
vegetation growth and response of dominant climatic 
drivers, would help to better estimate and predict the 
cause of change in climate. However, the interannual 

variation of vegetation growth cannot be fully explained 
by changes in climatic drivers, and further studies on the 
relationships and feedbacks between vegetation growth 
and carbon and nitrogen cycles are needed. 
Furthermore, there is a need for more in-situ 
observations for detailed analysis at the local level. 
Integrated approach involving application of different 
suitable climate models, remote sensing techniques and 
field survey could generate accurate information at a 
scale, which could help in planning the future adaptation 
strategies of the forestry sector at state/regional/ 
country levels.

Fig. 8(e): Buffer: Change in vegetation cover.     Fig. 8(f) :Core: Change in vegetation cover.

Fig. 9 (a): Change detection in buffer (1990-2016). Fig. 9 (b): Change detection in core (1990-2016).
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Fig. 8(d): Change in vegetation cover between 1990 and 2016 in core.

leading to significant change (increase or decrease) in 
forest cover of Kanha Tiger Reserve. Different climate data 
sources IMD1, IMD2, REMO and local weather station data 
were used for comparing the climate variables to obtain 
perfect results at the regional level and the climate trend 
was analyzed. Among all the three gridded datasets, IMD 
(0.25X0.25) and IMD (0.5°X0.5°) are positively correlated 
(N=33, Correlation=0.561, Sig=.001) while IMD and REMO 
showed a negative correlation. Change in the trend of 
vegetation growth and response of dominant climatic 
drivers, would help to better estimate and predict the 
cause of change in climate. However, the interannual 

variation of vegetation growth cannot be fully explained 
by changes in climatic drivers, and further studies on the 
relationships and feedbacks between vegetation growth 
and carbon and nitrogen cycles are needed. 
Furthermore, there is a need for more in-situ 
observations for detailed analysis at the local level. 
Integrated approach involving application of different 
suitable climate models, remote sensing techniques and 
field survey could generate accurate information at a 
scale, which could help in planning the future adaptation 
strategies of the forestry sector at state/regional/ 
country levels.

Fig. 8(e): Buffer: Change in vegetation cover.     Fig. 8(f) :Core: Change in vegetation cover.

Fig. 9 (a): Change detection in buffer (1990-2016). Fig. 9 (b): Change detection in core (1990-2016).
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