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ABSTRACT 

 The present study was designed to analyze the land use transformations in Pakistan 

with allusion to modifications in geographical area, forest area and total cultivated and 

cropped land area in the four major provinces of Pakistan i.e. Punjab, Khyber Pakhtunkhwa, 

Sindh and Baluchistan during 1989-2009 due to various climatic factors. It was established 

through the correlation and regression analysis that climatic variation has a major role in land 

use changes in Pakistan during the past 20 years. But climatic changes alone shouldn’t be 

apprehended as the sole drivers for the ongoing changes in land area of the region. Thus, an 

attempt should be made to develop an improved understanding of all the agents of land use 

variability with the help of advanced scientific tools for mitigating the negative effects of 

climate variability and land use on each other.  
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1. INTRODUCTION 

Land use is among the most prominent and major triggers of global climate change. Scientists 
have reported that human activities instead of the natural factors are basically the source of 

most recent modifications that have taken place in the biosphere [1]. It has also been 
postulated that major causative factors are not only the various anthropogenic activities of 
present times but the changes in the past have also contributed to these variations [2]. Many 

researchers are of the view that Land use and land cover change (LULCC) caused by 
anthropogenic activities have drastically altered the surface of planet earth where sectors such 

as agriculture, pasture, and areas under urban development stretch over 54 million km2, or 
41% of land area that is free of ice that exists in very cold regions of earth [3].  
Over the decades of extensive research it has been postulated that there exists an intricate and 

mutually collaborative association between climate variability and land cover modifications 
[4]. On one end, elements such as land use alteration that are driven by human beings are 

responsible for altering the regional and global climate [5] while, the alterations in land cover 
have been reported to cause noteworthy changes in micro-climate, especially in terms of 
temperature [6]. On the other hand how the phenomenon of climatic variability is even 

responsible for causing and directing the type of change in land utilization [7-11]. 
Thus, efforts to distinguish worldwide alterations in the environment as a consequence of 
natural climatic variations from those generated by the human actions, are a prime focus of 

modern research. Study of a region involving detailed analysis of Land Use and Land Cover 
Change (LULCC) in that area not only helps to explain the degree of variations but also aids 

to determine the direction and extent of other variations in the environment that are caused by 
human driven practices. As a consequence of recent studies, it has been realized that in 
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addition to human driven changes in land usage, it is unquestionably limited by the dynamics 
of climate, geography, soil characteristics, and vegetation. However, human activities that 

utilize land and hence alter or retain land cover attributes are reflected as the immediate 
drivers of variability. Such activities include primary transformation of natural forest areas to 

agricultural land to utilization and management of grassland resources for human usage [12]. 
Regarding the climate change studies of Pakistan, it has been discovered that Pakistan is 
exceedingly at risk to climate change as its economy is profoundly reliant on climate-

sensitive sectors like forestry and agriculture, and its low lying thickly inhabited deltas are 
susceptible by an impending risk of flooding [13].  

For the past thirty years, a lot of field work and research has been conducted to determine the 
correlation between land use and climate change. For this, multiple geographical assessment 
and spectral analysis techniques have been devised and subsequently applied around the 

globe. Till the present times, changes in land use have been thoroughly premeditated at 
diverse levels, alternating between local and global scales by making use of contemporary 

geo- informatics tools such as geographic information systems, remote sensing etc. GIS is a 
tool being employed effectively for assessing environmental functions of forests’ spatial 
distribution and pattern [14]. Remote sensing, coupled with GIS and GPS, provides the 

capabilities to assess an exclusive interpretation of the spatial and temporal aspects of the 
processes involved in land use change and urban development [15]. 

In the present study, the land use pattern of Pakistan was selected to carry out the research 
and a correlation between environmental data of the region, pertaining to climate change and 
its consequent effect on land use cover in Pakistan during the last two decades i.e. 1989 to 

2009, was highlighted using GIS techniques. The land use was divided into four classes for 
the ease of assessment i.e. i) Geographical area ii) Forest area iii) Cultivated area and iv) 

Cropped area. Sufficient research has been conducted all over the world about the assessment 
of land use and land cover change with the help of GIS and remotely sensed data. For 
example, Jiang and Tian [16] in a recent research established a relationship between climate 

variability and change in land use by using the image data from satellites for the Beijing city. 
Similar studies were conducted by Hutchinson et al. [17], Viglizzo et al. [18], Lioubimtseva 

et al. [19].  In Pakistan, Farooqi et al. [13] conducted a research to evaluate the past climate 
changes and compute the projected changes in different Agro-climatic regions of Pakistan for 
next half century using climate models. Qamer et al. [20] carried out a research to determine 

the variations in forest cover in the district Swat that lies in the Hindu Kush Himalayan 
region of Pakistan using ArcGIS to represent the extent of land cover and land use for 

forestland, rangeland, agricultural land, urbanized zones, and snow cover in the region at the 
time of the data tabulation and recording.  
The major objectives of study included i) generate maps of land cover using GIS applications 

ii) detection of change rate in land cover in provinces of Pakistan for the last two decades 
(1989-2009) using GIS visualization technique and iii) to establish a correlation between land 

use and climate variability with the help of different statistical analysis which are not only 
used to explain the role of certain variables in change by examining the statistical 
significance of the influence of independent variable upon the dependent variable but also for 

the prediction of change itself from the derived relationships of dependent and independent 
variables. 

 
2. MATERIALS AND METHODS 

The data product required for the study included general Pakistan map that was obtained from 

Survey of Pakistan (1: 50,000).There were two types of data base. Thematic map or base map 
was prepared using general Pakistan map on 1:50,000 scale employing the tools of ArcGIS. 

The map was scanned up to the resolution that made all the important features clear and 
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vivid. It was then geo referenced by using the WGS 1984 coordinate system. Attributed data 
was of secondary source which was collected through published literatures, reports and 

online resource mainly from Ministry of Environment, Pakistan Meteorological Department 
and Federal Bureau of Statistics. ArcGIS 9.2 software was used to represent the change in 

land cover in various regions of Pakistan. The spatial and attribute data base were then 
integrated through ArcGIS and maps were developed to visually display the change in land 
cover in Pakistan during the analysis period of 1989 to 2009. 

The data of climatic variables like temperature, relative humidity, wind speed and 
precipitation of each province of Pakistan was supplied by Pakistan Meteorological 

Department, Islamabad, and a mean was calculated for each year. Then correlation and 
regression analyses were both employed to analyze the data in order to establish a 
relationship between climatic data and land cover change and also to show the percentage 

contribution of variables in change. 
 

3. RESULTS 

The main objective of this study was to monitor the change in land cover in various provinces 
of Pakistan. GIS tools mainly Arc Map has been adopted. The maps were generated based 

upon the data derived from different sources, depicting annual change in land use types  
during the last two decades (1989 to 2009). The description of total land use in Pakistan 

classified into four categories as mentioned above are as follows.  
 
3.1.Geographical Area 

The total geographical area of Pakistan is 79.6 million hectares. As shown in the Fig 1, 
among the four provinces used for studying the land use changes, Baluchistan ranks first in 

terms of geographical area and covers a region of 34.72 million hectares whereas, the 
smallest among the provinces is the province of Khyber Pakhtunkhwa, that covers an area of 
10.17 million hectares. Punjab ranks second, covering a total area of 20.63 million hectares 

followed by Sindh that has an area of 14.09 million hectares. As the total geographical area of 
the country has remained unchanged ever since its creation, no changes in the area under the 

domain of individual provinces have occurred.  

 
Fig 1: The geographical area of four provinces of Pakistan 
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Forest Area 

The data of land use including forest area had been reported by Forestry Sector Master Plan 

(FSMP) Project in 1992, with the help of Landsat Satellite Thematic Mapper Images at a 
scale of 1:250,000 covering the whole of Pakistan [21]. According to FSMP, the total area of 

forests in Pakistan was 4.224 million hectares which is 4.8% of the total land area. However, 
according to the latest records presented by Food and Agriculture Organization (FAO) for 
1990-2010, only 1.6 million hectares of land remains forested in Pakistan. Thus, between 

1990 and 2010, Pakistan has lost an average of 42,000 hectares or 1.66% per year [22]. The 
province wise distribution of total forest area in Pakistan from 1989 to 2009 is given in Fig 2. 

 

 
 

Fig 2: Total Forest area in different provinces of Pakistan from 1989 to 2009 

 

The total forest area of Pakistan was estimated on the basis of provincial data with 

y=0.053x2- 0.480x + 3.704 and R2 = 0.653. In order to assess the declined areas of Pakistan 
during the last two decades, forest cover maps of 1989 and 2009 were generated for inter 
comparisons which are shown in Fig 3. 

 
Fig 3: Forest area of Pakistan in 1989 and 2009 
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The comparison of forest cover in years 1989 and 2009 showed that the total forest cover in 
Pakistan was decreased by 1.1% per year (Table 1). In Punjab and KPK the area was 

increased while a decline was observed for Sindh and Baluchistan. Moreover, presently KPK 
is the province with the highest forest area in Pakistan and Sindh is the one with least forest 

cover. 
 
Table 1. Forest cover of Pakistan in 1989 and 2009 and Annual change (%) 

Province/ 

Territory 

Forest Area (m ha) Annual Change rate % 

1989 2009 20 Years 

Punjab 0.46 0.57 1.19 (+) 
KPK 1.26 1.48 0.28 (+) 
Sindh 0.57 0.19 3.3 (-) 

Baluchistan 1.09 0.38 3.2 (-) 
Pakistan 3.38 2.62 1.1 (-) 

 

3.2.Cultivated Area 

Out of the total area of Pakistan, about 27% of it is currently under cultivation. The total 
cultivated area has increased from 19.2 million hectares in 1965 to  22.0 million hectares in 

2000 [23]. Since the area under cultivation cannot be increased significantly, therefore, due 
attention has to be paid to mechanical as well as other inputs in order to meet the problems of 

food, fiber and shelter for the growing population of Pakistan. The province wise distribution 
of total cultivated area in Pakistan during the analysis period is given in Fig 4. 
 

 
 

Fig 4: Total cultivated area in different provinces of Pakistan from 1989 to 2009 

 
Fig 4 shows that the change in total cultivated area was not uniform through the last two 
decades. From 1989 to 1994, the area increased from 20.94 m ha to 21.55 m ha. Upto year 

2004 the trend was increasing and total cultivated area was 22.06 m ha. While analysis of 
period between 2004 and 2009 indicated that the cultivated area decreased from 22.06 m ha 

to 21.22 m ha. This value of total cultivated area in Pakistan was estimated on the basis of 
provincial data with y= -0.227x2 + 1.474x + 19.62 and R2= 0.933. Presently, Punjab is the 
province with the highest cultivated area in Pakistan and KPK is the one with least cultivated 
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area. In order to assess the change in cultivated areas of Pakistan during the last two decades, 
maps of 1989 and 2009 were generated for inter comparisons which are shown in Fig 5. 

 
Fig 5: The extent of cultivated area in the country in 1989 and 2009 

 

The change shown in Fig 5 is summarized in Table 2 which shows that during the period of 
20 years the total cultivated area was increased at the rate of 0.07% per year in Pakistan. The 
same trend was followed by Punjab and Baluchistan while KPK and Sindh faced the decline.  

 

Table 2. Cultivated area of Pakistan in 1989 and 2009 and Annual change (%) 

Province/ 

Territory 

Cultivated Area (m ha) Annual Change rate % 

1989 2009 20 years 

Punjab 11.87 12.5 0.27 (+) 

KPK 1.89 1.86 0.08 (-) 
Sindh 5.57 4.87 0.63 (-) 

Baluchistan 1.61 1.99 1.18 (+) 
Pakistan 20.94 21.22           0.07(+) 

 
3.3.Cropped Area 

This represents the total area sown once and/or more than once in a particular year, i.e. the 
area is counted as many times as there are sowings in a year. This total area is known as gross 

cropped area. The total cropped area in Pakistan is about 22.2 million hectares. According to 
various surveys, the cropped area has increased from 14.6 million hectares in 1947-48 to 
about 22.15 million hectares in 1993-94 i.e. showing a hefty increase of about 52% [24].  The 

province wise distribution of total cropped area in Pakistan is shown in Fig 6.  
 

Fig 6 shows that the total change in the cropped area in Pakistan was following the increasing 
trend throughout the analysis period with a difference of 5 years. The total cropped area of 
Pakistan was estimated on the basis of provincial data with y=0.005x2+ 0.519x + 20.99 and 

R2 = 0.964. In order to assess the change in cropped areas of Pakistan during the last two 
decades, maps of 1989 and 2009 were generated for inter comparisons which are shown in 

Fig 7. 
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Fig 6: Total cropped area in different provinces of Pakistan from 1989 to 2009 

 

 
Fig 7: The cropped area of Pakistan in 1989 and 2009 

 

The comparison of the base and the end year of the study period of cropped area shows that 
the change was positive and the annual change rate of 20 years was 0.56% (Table 3). 
Futhermore, the change was positive for the provinces of Punjab, Sindh and Baluchistan 

while only KPK was observed to follow the declining trend.  
 

Table 3. Cropped area of Pakistan in 1989 and 2009 and Annual change (%) 

Province/ 

Territory 

Cropped Area (m ha) Annual Change rate % 

1989 2009 20 years 

Punjab 14.98 16.97 0.66 (+) 
KPK 2.03 1.86 0.39 (-) 

Sindh 3.75 3.82 0.09 (+) 
Baluchistan 0.70 1.20 3.57 (+) 
Pakistan 21.46 23.85 0.56 (+) 

y = 0.005x2 + 0.519x + 20.99
R² = 0.964
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4. DISCUSSION  
There is increasing recognition that land use change is one of the global change drivers 

expected to have the largest impact on biodiversity by the end of the 21st century [25-26]. 
Multiple human driven practices of land use, such as deforestation, grazing, and agriculture 

etc. in addition, to the natural forces like volcanic eruptions, changes in earth’s spin etc. have 
been quoted time and before to affect the structure and functioning of the ecosystem and 
influence the regional  climate [27-28]. However, many scientists are of the view that 

anthropogenic activities of the recent past have contributed to the changing climate much 
more, in contrast to the natural drivers.  

There is also increasing acceptance that changes in land use and climate interact in complex 
ways, producing negative and positive feedbacks, so that their ecosystem consequences are  
not always easily predictable [29-30]. For all these reasons, understanding changes in land 

area and accounting for land use practices with greater geographic  precision, especially in 
some understudied regions of the world, is highly desirable [1, 31]. Over the years and with 

advanced research it has been quoted that climate is undoubtedly a vital force in driving land 
use changes at regional and global levels.  
Pakistan, along with some other developing countries, has been ranked as one of the most at-

risk regions because of its vulnerability to climate change and lack of resources to respond. In 
developing countries, such as Pakistan, climate change poses a serious challenge to social, 

environmental and economic development, and lead to migration within and across national 
borders of Pakistan. The effects of global climate change in Pakistan are already evident in 
the form of growing frequency of droughts and flooding, increasingly erratic weather 

behavior, changes in agricultural patterns, reduction in freshwater supply and the loss of 
biodiversity [32]. 

In order to highlight the inter- link between the climatic variables and parameters of land use 
change involved in this study, the variables of temperature (°C), relative humidity (%), 
precipitation (mm), and wind speed (knots per hour) were selected. The change in these 

variables in different provinces of Pakistan during the study period is shown in Fig 8. 

 
Fig 8: Change in the selected climatic variables during the study period in different provinces 

of Pakistan 
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These climatic variables were linked with land use parameters through the correlation and 
regression analysis of the four provinces separately which are given in Table 4 and Table 5 

respectively. 
 

Table 4. Pearson Correlation Analysis of land use parameters in relation to climatic variables 

**Correlation is significant at the 0.01 level (1-tailed) 

*Correlation is significant at the 0.05 level (1-tailed) 

 

The correlation analysis of land use parameters in relation to climatic variables of four 
provinces is shown in Table 4. This strengthened the results of study by giving a clear 

representation of variations in terms of positive and negative change. It shows a strong 
correlation between land use parameters and climatic variables.  In Punjab the significant 
association of forest area with temperature is (coefficient= .833, P= .040), humidity 

(coefficient= -.902, P= .018), wind speed (coefficient= .817, P= .046) and precipitation 
(coefficient= -.807, P= .049). Cultivated area is significantly associated with temperature 

(coefficient= .934, P= .010), humidity (coefficient= -.955, P= .006) and precipitation 
(coefficient= -.936, P= .010). Cropped area is significantly associated with temperature 
(coefficient= .905, P= .017), humidity (coefficient= -.936, P= .010) and precipitation 

(coefficient= -.873, P= .027). 

 Temperature  Humidity Wind Speed Precipitation 

Punjab 

Forest Area 

 

.833* 

.040 

-.902* 

.018 

.817* 

.046 

-.807* 

.049 
Cultivated Area 

 

.934* 

.010 
-.955** 

.006 
.802 

.051 
-.936** 

.010 

Cropped Area 

 

.905* 

.017 
-.936** 

.010 
.802 

.051 
-.873* 

.027 

KPK 

Forest Area 

 
.930* 

.011 
-.892* 

.021 
.884* 

.023 
-.885* 

.023 

Cultivated Area 

 

-.994** 

.000 
.964** 

.004 
-.980** 

.002 
.973** 

.003 

Cropped Area 

 

-.982** 

.001 
.906* 

.017 
-.932* 

.010 
.948** 

.007 
Sindh 

Forest Area 

 

.712 

.088 
.899* 

.019 
-.588 

.148 
.919* 

.014 

Cultivated Area 

 

.907* 

.017 
.820* 

.045 
-.933* 

.010 
.610 

.137 
Cropped Area 

 

-.819* 

.045 

-.257 

.338 

.868* 

.028 

.610 

.137 
Baluchistan 

Forest area 

 

-.826* 

.042 
-.425 

.238 
.878* 

.025 
.981** 

.002 
Cultivated Area 

 

.906* 

.017 

.227 

.357 

.776 

.061 

-.817* 

.046 
Cropped Area 

 

.977* 

.002 

 .952** 

.006 

.798 

.053 

.919* 

.014 
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In KPK the significant association of forest area with temperature is (coefficient= .930, P= 
.011), humidity (coefficient= -.892, P= .021), wind speed (coefficient= .884, P= .023) and 

precipitation (coefficient= -.885, P= .023). Cultivated area is significantly associated with 
temperature (coefficient= -.994, P= .000), humidity (coefficient= .964, P= .004), wind speed 

(coefficient= -.980, P= .002) and precipitation (coefficient= .973, P= .003). Cropped area is 
significantly associated with temperature (coefficient= -.982, P= .001), humidity 
(coefficient= .906, P= .017), wind speed (coefficient= -.932, P= .010) and precipitation 

(coefficient= .948, P= .007). 
In Sindh the significant association of forest area with humidity is (coefficient= .899, P= 

.019) and precipitation (coefficient= .919, P= .014). Cultivated area is significantly 
associated with temperature (coefficient= .907, P= .017), humidity (coefficient= .820, P= 
.045) and wind speed (coefficient= -.933, P= .010). Cropped area is significantly associated 

with temperature (coefficient= -.819, P= .045) and wind speed (coefficient= .868, P= .028). 
In Baluchistan the significant association of forest area with temperature is (coefficient= -

.826, P= .042), wind speed (coefficient= .878, P= .025) and precipitation (coefficient= .981, 
P= .002). Cultivated area is significantly associated with temperature (coefficient= .906, P= 
.017) and precipitation (coefficient= -.817, P= .046). Cropped area is significantly associated 

with temperature (coefficient= .977, P= .002), humidity (coefficient= .952, P= .006) and 
precipitation (coefficient= .919, P= .014). 

In terms of correlation between the climate variables and the land cover classes like forest 
area, cultivated and cropped area; climate change has been postulated to affect forest nutrient 
cycles, agricultural productivity and other processes of ecological significance. For instance, 

changes in precipitation will cause changes in hydrologic fluxes of nutrients and could cause 
changes in decomposition, productivity, and nutrient uptake. Similarly, temperature increases 

could also result in changes in hydrologic fluxes, decomposition, accelerated physiological 
development, resulting in hastened maturation and reduced yield [33-34]. Rainfall is the most 
significant factor in continuous destruction of forests and agricultural lands. In terms of 

precipitation, higher rainfalls could enhance growing period duration. In some areas of 
Pakistan, higher degree of precipitation has enabled higher production and provided more 

water for irrigation. However, contrary consequences were observed in some regions due to 
loss of fertile soils with intense flooding caused by high average rainfalls. On the other hand, 
the declining rate of woody biomass is the second highest in the world. It ranges between 4-

6% per year [35]. This decline in forest area has been linked with the ever changing climatic 
conditions that have been intensified over the years as a consequence of natural and man-

made processes.  
Multiple studies report that one of the most significant ways that global c limate change is 
predicted to affect economic activity is through its effects in agriculture, since temperature 

and precipitation are direct inputs to agricultural production. For changes in precipitation, the 
extra precipitation on land, if indeed including present sub-humid to semi-arid areas, will 

increase plant growth in these areas, leading to an improved protection of the land surface 
and increased rain fed agricultural production; in already humid areas the extra rainfall may, 
however, impair adequate crop drying and storage. Wind speed is one of those climatic 

variables which mostly either strengthens the effect of temperature, precipitation and 
humidity or weakens it as the first three are strongly associated with one another [22]. 

Similarly the effect of climatic variables on different land use parameters have been observed 
by Alexandro and Hoogenboom [36]; Aydinalp and Cresser [37]; Kumar and Parikh [38]; 
Siddiqui et al. [39] and Wang et al. [40].  
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Table 5. Regression Analysis for Land use parameters and Climatic Variables 

 

aPredictors: (Constant), Wind Speed, Temperature, Humidity, Precipitation 

The regression analysis computed for the land use parameters and climatic variables revealed 

that forest area have coefficient of determination of 0.98, 0.99, 0.97 and 0.80 for Punjab, 
KPK, Sindh and Baluchistan respectively. This indicates that 98, 99, 97 and 80% of the 
variance in forest area can be explained by the climatic parameters under study (Table 5). The 

implication is that 2, 1, 3, and 20% of the variance can be respectively explained by other 
factors not included in the study. In case of cultivated area, the coefficient of determination 
for Punjab, KPK, Sindh and Baluchistan respectively is 1.00, 0.99, 0.49 and 0.58. This 

indicates that 100, 99, 49 and 58% of the variance in cultivated area can be explained by the 
climatic variables under study and 1, 51 and 42% variance can be explained by other factors 

apart from the study. The cropped area have the coefficient of determination of 0.96, 0.98, 
0.95 and 0.44 for Punjab, KPK, Sindh and Baluchistan respectively which means 96, 98, 95 
and 44% of change in cropped area can be explained by climatic variables under study and 

rest of the 4, 2, 5 and 56% of the variance can be explained by other factors not part of the 
study, may include solar radiation, urbanization, deforestation, over grazing and certain other 

natural as well as anthropogenic activities. Numerous studies have employed regression 
analysis to aid in understanding/explaining the driving mechanisms of land use/cover change 
[41-43]. 

The study indicated that out of the four parameters of land use, total geographical area of the 
four provinces remained unaffected as change in geographic demarcations arises in case of 

extreme but rare event of war, highly devastating tsunamis that might engulf a greater part of 
coastal area and others. However, as no such extreme events have taken place during the last 
20 years, the geographical boundaries of Punjab, KPK, Sindh and Baluchistan have remained 

unaltered. On the other end, changes in forest area, total cultivated area and total cropped area 
have been recorded diverse undoubtedly affected by climate variability.  Such studies should 

be carried out vigilantly over the years in order to assess the nature and extent of these 
variations for improved utilization of available land resources.  
 

 
 

 R R2 Adjusted R2 Std. Error of the Estimate 

Punjab 

Forest Area 0.990a 0.981 0.922 0.02 
Cultivated Area 1.000a 1.000 1.000 0.002 
Cropped Area 0.980a 0.961 0.843 0.32 

KPK 

Forest Area 0.997a 0.993 0.973 .006 

Cultivated Area 0.999a 0.998 0.994 0.003 
Cropped Area 0.994a 0.989 0.954 0.02 

Sindh 

Forest Area 0.989a 0.977 0.909 0.04 
Cultivated Area 0.705a 0.496 0.293 0.54 

Cropped Area 0.979a 0.959 0.836 0.10 
Baluchistan 

Forest Area 0.896a 0.802 0.209 0.25 

Cultivated Area 0.758a 0.575 0.701 0.24 
Cropped Area 0.667a 0.445 0.218 0.29 
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5. CONCLUSION 

The outcomes of the study indicated that patterns of land use change were undoubtedly 

related to the trends of climate variability. However, in Pakistan the variations in land use are 
particularly influenced by other drivers of change such as socio-economic demands, urban 

growth and development etc. These in association with the climatic variability intensify the 
changes that are triggered by individual agents. The extensive national and international 
research on the matter of land use change highlights the facts that one of the prime 

prerequisites for better use of land is information on existing land use patterns and changes in 
land use through time.  In addition, it is now a known fact that global climate change 

definitely affects forestry and agriculture to a greater extent as compared to other categories 
of land use. However, through research and literature review of pre-existing data it has 
become evident that the relationship between climate change and the considered parameters 

of land use, is still very much a matter of conjecture with many uncertainties and it largely 
remains a challenge. Thus further research with the help of advanced scientific analytical 

tools is required to solve the gaps in studies regarding land use and changes in land use.  
Some recommendations to improve the existing knowledge and for expanding the sphere of 
future research in the respective field are as follows: 

 
1. Land-use planning must be based on reliable data and the application of scientific 

knowledge to conserve land resources and improve acreage’s productivity. The aspect of 
vulnerability of land ecosystems should remain a priority in order to develop better 
quantification of future impacts of climatic variations on the terrestrial ecosystems.  

2. Future research should include the richer notion of adaptive capacity that has emerged 
recently, and should build on a larger and richer set of socio-economic scenarios that 

embrace vulnerability, economic development and emissions affiliated with changes in 
land use.  

3. It is highly recommended that the individuals, parties, researchers etc. who are related to 

the field of land utilization and allocation ought to seek a better understanding of the inter-
relationships between climate, ecosystem, and land-use changes using field observations 

and modeling experiments. Moreover, global participation should be encouraged for 
mitigating the effects of climate variability and land use on each other, through persuasive 
domestic and international policies.  
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