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Foreword 
 
The mountains environment poses special challenges to the conventional development planning 
with the plain area approach. The biophysical and socio-economical nature of the mountains is 
characterized by extreme diversity, not homogeneity. One of the main reasons why mountain 
areas have been left behind in the development process is the lack of adequate information 
about their limitation to and potential for development, besides mountain areas are data 
impoverished and inaccessible regions. Geographic Information System (GIS) and remote 
sensing technology are powerful tools that can increase the information base essential for 
sustainable mountain development. The strength of GIS lies in its ability to integrate data 
information on different subjects and from different sources using a common geographical 
reference. 
 
Through remote sensing, new mechanisms for obtaining information on remote and 
inaccessible areas have become available. Since 2000, CSK Himachal Pradesh Agricultural 
University, Palampur, Himachal Pradesh, India has started developing capacity in the fields of 
GIS and remote sensing. The University through its strong collaboration with the International 
Centre for Integrated Mountain Development (ICIMOD), Kathmandu, Nepal has now a trained 
faculty in GIS and remote sensing. A separate Centre for Geo-informatics Research and 
Training (Geo-Centre) created within CSKHPAU in 2003, mainly with the technical support 
received from ICIMOD, now looks after various projects in GIS and remote sensing. The present 
study provides a good example of the application of GIS and remote sensing in agricultural 
planning and is the result of a joint effort of CSKHPAU and ICIMOD. 
 
The results of the present study are intended to meet the needs of development planners and 
extension agencies in the fields of agricultural planning and natural resource management. Its 
contents will be of major interest to donor agency of the Department of Agriculture, Himachal 
Pradesh, India, NGOs working in this field, researchers and GIS experts. This report is meant to 
stimulate the readers’ interest in GIS applications and also help them to reorient development 
planning at district and tehsil level so as to contribute to sustainable forms of mountain 
agriculture. 
 
The report includes redefining the agro-ecological zones (AEZs), land cover classification, crop 
suitability analysis, food security analysis, and development of planning tools. A CD Rom is also 
included with this publication. The studies have been undertaken by Dr. R.M. Bhagat, Dr Sharda 
Singh, Dr, Virender Kumar, Mr Vaibhav Kalia and Dr. Chitra Sood from Geo-Centre/CSKHPAU 
and Mr Basanta Shrestha, Mr Sushil Pradhan, Mr. Walter Immerzeel and Mr. Sudip Pradhan 
from MENRIS/ICIMOD. On behalf of CSKHPAU and ICIMOD, we would like to thank them all 
for their contributions. We would like to express our gratitude to the Directorate of Agriculture, 
Government of Himachal Pradesh, India for the financial support it provided to undertake this 
study. 
 
 
 
J.Gabriel Campbell (Ph.D)     Jagmohan Singh (Ph.D.) 
Director General       Vice-Chancellor 
ICIMOD       CSKHPAU     
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CHAPTER 1:  INTRODUCTION 
 
1.1 Background 
 
The CSK Himachal Pradesh Agricultural University (CSKHPAU) is a State Agricultural 
University established in 1978 by the Government of Himachal Pradesh. It is a leading hill 
Agricultural University of India with the mission to create a knowledge society on hill and 
mountain agriculture, to provide access to knowledge and skills in hill and mountain 
agriculture education. The International Centre for Integrated Mountain Development 
(ICIMOD), established in 1983 as a regional research and development agency, has been 
working towards sustainable mountain development in the Hindu Kush-Himalaya (HKH) 
region with its mission to help promote environmentally and economically sound mountain 
ecosystem and to improve the living standards of mountain population in the HKH region. 
The ICIMOD regional member countries are Afghanistan, Bangladesh, Bhutan, China, India, 
Myanmar, Nepal, and Pakistan. These two premier research and development institutions, 
working for creating a knowledge society and sustainable mountain development, are 
collaborating on various R & D projects to promote the development of an environmentally 
and economically sound mountain ecosystem. In this context, CSKHPAU and ICIMOD 
signed a general memorandum of understanding in 2003 to collaborate and work together. 
The CSKHPAU established a Centre for Geo-informatics Research and Training (Geo-
Centre) to work with the Mountain Environment and Natural Resource Information System 
(MENRIS) programme of ICIMOD. MENRIS/ICIMOD and Geo Centre/CSKHPAU have 
jointly agreed to undertake the following activities: 
• Collect and collate relevant data for the development of GIS database for Himachal 

Pradesh; 
• Organize trainings and workshops with joint participation, and explore possibilities for 

Geo Centre/CSKHPAU staff to receive more training on Geo-Information technology; 
• Explore possibilities for other activities of mutual interest and joint exploration for external 

funding; 
• Partnership in research/studies; 
• Help in training/human resource development; and 
• Promote / provide capacity building activities at CSKHPAU. 
 
1.2 The Geo-Centre at CSKHPAU 
 
The Centre for Geo-Informatics Research and Training (Geo-Centre) was established in the 
80th meeting of the Board of Management of CSK Himachal Pradesh Agricultural University 
held on November 8, 2003. The Centre was created with the mission to integrate the issues 
of Research, Teaching, Training and Consultancy in natural resource management, 
pollution, natural hazards, systems simulation, decision support systems and global climate 
change using geo-information technology. The Geo-centre has a multidisciplinary faculty 
trained at national and international level to carry out research and development activities in 
the field of Geo-Informatics. A state of the art research laboratory is currently catering to the 
needs of the research and development work that is being carried out at the centre. This 
facility provides capacity for higher end computing applications such as remote sensing, 
geo-information technology and systems simulation to the faculty, and students involved in 
these applications. 
 
1.3 The MENRIS Programme at ICIMOD 
 
The MENRIS programme at ICIMOD was established in 1990 as a resource centre for the 
study and application of geo-information technology in the HKH region. In pursuing its 
mandate, ICIMOD works mainly at the interface between research and development and 
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acts as a facilitator for generating new mountain-specific knowledge of relevance to 
mountain development. ICIMOD attempts to ensure that new knowledge on decision support 
systems (DSS) and tools is shared among all relevant institutions, organizations, and 
individuals in the region. Realising the potential of geographic information (GI) for 
sustainable mountain development, ICIMOD through its MENRIS programme, has been 
working on promoting the use of geo-information and related technologies in the HKH 
region. MENRIS is operationalising its strategy with four programmatic components, namely 
– capacity building and networking, integrated GIS data management, applications and 
decision support systems, and metadata clearing house, which are essential elements of 
Regional Spatial Data Infrastructure (RSDI). 
 
1.4 Mountain Areas and the Geo-Information Technology 
 
Mountain areas present a great challenge for the application of Geo-Information technology 
due to their diversity, marginality, and strategic importance along with their different physical, 
biological, and societal systems. When compared with the plains in the lowlands, the 
physical characteristics of the mountain environment are more complex and it needs to be 
analysed using a three-dimensional approach/methodology, in order to arrive at an 
approximate representation of the aspect, slope, and topography of the mountains 
(Heywood al. 1994). Digital elevation models (DEM) are used for different types of 
applications in mountain environments, e.g., regional resource inventory; planning and 
management; hazard assessment; modelling of the ecology, climate, or hydrology; and 
geomorphology (sources quoted in Stocks and Heywood 1 994). 
 
There is a considerable amount of data available on mountain resources and the 
environment, but the data are often dispersed among many agencies and cannot be quickly 
compiled for multisectoral, problem-oriented analyses. Thus the ability to respond to the 
information needs of planners and decision-makers has been limited. The strength of geo-
information technology lies in its ability to integrate data from various resource disciplines, 
using a common geographical boundary as a reference. 
 
A geographic information system (GIS) is a computer-based system capable of holding and 
using data describing places on the earth’s surface. The system is characterised by two 
forms of data: the attribute data, either statistical or textual, comprising tables, lists, 
catalogues, and others; and geographic information, either spatial or locational, signifying 
various kinds of maps. Computer technology has made it possible to manipulate and 
analyse statistical information in usable format. Recent developments have facilitated the 
automation of maps into digital databases and allowed the simultaneous manipulation of 
geo-reference planners to produce a combination of maps and tables that show ‘where’ and 
what’ and thus answer many questions that had remained open. This computerised system, 
known as GIS, can store, manipulate, display, and produce geographic (spatial) information 
integrated with statistical and textual data; it is becoming one of the most useful and 
powerful analytical tools for resource planners and managers (FAO 1988). 
 
1.5 Overview of Himachal Pradesh 
 
Himachal Pradesh (HP), situated in the Western Himalayas, has majestic mountains, fertile 
valleys, perennial rivers, precious forests, invaluable flora and fauna, tremendous wealth of 
resources, minerals, very rich culture and diverse customs and manners. The state of HP is 
situated between 30° 22’ 44” and 33° 12’ 40” N latitude, and 75° 45’55” to 79°04’20” E 
longitude, and occupies an area of 5.57 million ha. HP is a hilly state with a general increase 
in elevation from west to east and south to north ranging from 350 m to 7000 m (Kayastha, 
1971). One-third of its area remains snow covered for about seven months in a year. This 
snowy part of the state is the source of three major rivers – Beas, Ravi, and Chenab, while 
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Satluj and Yamuna Rivers originate from Tibet and Yamnotri, respectively. Its climatic 
conditions vary from extremely hot to severe cold regions like Chamba, Kinnaur and Lahaul-
Spiti. Dharamsala and Palampur in Kangra district receive the highest precipitation next to 
Chirapunji (highest rainfall in the world), while areas like Spiti almost have no rainfall during 
the winter season. 
  
The rural poor in the state are characterized by a number of economic and social features, 
though the most common feature is the limited land holdings. Poor rural households have 
large families, with higher dependency ratios, lower educational attainment and higher 
underemployment. The poor also lack basic amenities such as water supply, sanitation and 
electricity and their access to inputs and technology is severely limited. Low levels of social 
and physical infrastructure increase their vulnerability to draught, landslides and floods in 
this mountainous state. Most people are farmers, forest dwellers, highlanders and 
indigenous people. Agricultural productivity is very low in upland areas, where ethnic 
minority groups (Gaddis of Bharmaur Tehsil, Pangwals of Pangi valley, Gujjars of Chamba, 
Bilaspur and Sirmaur districts and Bhutias of Lahaul & Spiti district) are dominant. Within the 
above subgroups, women specifically are under great pressure, and woman headed 
households are particularly prone to poverty. Given the limitations of high input agriculture in 
less favoured areas, sustainable or regenerative agriculture holds enormous promise for 
yield increase and environmental protection. In such systems, two to threefold increase in 
yields have been achieved through community-wide adoption of resource-conserving 
technologies and practices. Regenerative technologies either conserve and improve existing 
on-farm resources (nutrients, water and soils) or introduce new elements (water harvesting 
structures, agro-forestry etc.). Some regenerative technologies are now available for upland 
and mountainous areas of the state. But water still remains the most sought after commodity 
and its availability and distribution is the major deciding factor for the development and 
implementation of agriculture, health and environmental projects. 
 
Looking at the scenario, the demand for water will increase. Agriculture will continue to use 
most of the freshwater available; allocation of scarce water resources among competing 
sectors is likely to become a major issue. The quality of freshwater is already one of the 
most pressing environmental problems in many parts of the state. 
 
The ultimate irrigation potential in the state is 50, 000 ha from major and medium irrigation 
schemes, and 2, 85, 000 ha under minor irrigation schemes. Although, there is a less gap 
between irrigation potential created and utilised yet the overall benefits remain insignificant 
compared to the large area under rainfed conditions. There has been substantial increase in 
minor irrigation potential created and utilised in the state since 1985-86. 
 
1.5.1 Rainfall 
 
Out of twelve districts of the state, nine districts receive annual rainfall of around 1000 mm or 
more. Lahaul-Spiti is a dry temperate district with rainfall of around 124 mm. Agriculture is 
practiced mostly under rain fed conditions as majority of the districts have around 90% or 
more cropped area as rain fed. The average annual rainfall of the entire state is 1032 mm 
and the cumulative water received through rain from 12 districts works out to be 4.77 million 
ha m. 
 
The net cultivated area is only about 1/10 of the total geographical area for which total water 
requirement for growing various crops does not exceed one million ha m. In spite of the huge 
rain water potential, the crops still lack irrigation water during critical period of its growth. 
Quite often there is complete failure of the crop due to the lack of timely pre-sowing 
irrigation. The major reason for this paradoxical situation is the erratic and uneven 
distribution of rains. Pan evaporation generally exceeds rainfall during October-December 
and April to mid June. Hence sowing of both dry season (Rabi) and wet season (kharif) 
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crops in the absence of pre-sowing irrigation is delayed. In many areas of the state, although 
magnitude varies yet the pattern remains almost the same, viz. too much of water during 
monsoon months and scarcity of water before the onset and after recede of monsoon rains. 
A major portion of water is lost as run off due to rainfall characteristics and topographical 
features. 
 
In general, the area of the state above an elevation of 4,000 masl is mostly covered by snow 
and ice throughout the year. The glaciers, some of which consist of a huge amount of 
perpetual snow and ice, create many glacial lakes. These glaciers, as well as the glacial 
lakes, are the sources of the headwaters of many rivers flowing through the state. Most of 
these lakes are located in the down valleys close to the glaciers. They are formed by 
accumulation of a huge amount of water from the melting of snow and ice cover and by 
blockage of end moraines. The sudden break of the moraine sometimes may generate a 
discharge of large volumes of water and debris causing floods. 
 
In the last half-century, several glacial lakes have developed in the Hindu Kush-Himalaya 
region. This may be attributed to the effect of recent global warming. The glacial lakes are 
formed on the glacier terminus due to the recent retreating processes of the glaciers. The 
majority of these glacial lakes are dammed by unstable moraines, which were formed by the 
glaciations of the Little Ice Age. Occasionally, the lake happens to burst and suddenly 
releases an enormous amount of its stored water, which causes serious floods downstream 
along the river channel. This phenomenon, generally known as glacial lake outburst flood 
(GLOF), is recognized to be a common problem in HP and has resulted in the loss of huge 
amount of life and property in the recent past. 
 
1.5.2 Geomorphology 
 
Physiographically the Himachal Pradesh has been identified into four divisions (Marh, 2000) 
and is described briefly below: 
 
Outer Himalaya or the Shivaliks 
This division consists of low hills of Shivalik zone with an elevation of up to 600 m. Shivalik 
hills are made of monoclinal hills dipping gently southward, steep scraps facing north and 
structural valleys called duns to the north of them. This zone represents the youngest part of 
the Himalaya and the strata here consist of sandstone, conglomerate and shale. These are 
prone to erosion and this zone has a highly dissected and rugged terrain. The seasonal 
streams called choes have dissected deeply into the unconsolidated understream. This zone 
is about 50 km wide in the west, becomes about 80 km wide in Kangra valley and tapers to 
smaller width in Nalagarh and Kyarda Duns in east. Main ranges in this division are Hathi 
Dhar, Sikandar Dhar, Chaumukhi range, Solasinghi Dhar, Ramgarh Dhar, Naina Devi Dhar 
and Dharti Dhar. 
 
Lesser Himalaya or Central Zone 
This zone mainly includes the Dhauladhar and Pir Panjal ranges. The Dhauladhar and Pir 
Panjal ranges are conspicuous and quite distinct in the west and form the southern and 
northern watershed of Ravi Basin. Dhauladhar extends further east into the Beas valley and 
crosses the Satluj River near Rampur. Pir Panjal forming the southern watershed of the 
Chandrabhaga in Chamba and Lahaul-Spiti districts joins the Great Himalayan range north 
of Deo Tibba and Rupi Valley (Parbati River). Some minor ranges of lesser Himalaya are 
Dagni Dhar, Mani Mahesh and Dhog Dhar in the Ravi valley; Jalori Dhar and Shikari Dhar in 
Beas and Satluj basins and Nagtibba range. Mussourie range and Shimla hills are situated 
in the Yamuna basin east of the Great Himalayan Divide. 
 
 



 5

Great Himalaya or Central Zone 
The great Himalaya range forms the northern watershed of the Chandrabhaga (Chenab) 
basin and separates it from Spiti basin and further east it forms watershed between Spiti and 
Beas basins. It is cut across by Satluj before it enters the Utter Pradesh Himalaya with 
extension to Badrinath/Kedarnath. The elevation of the great Himalaya ranges between 
5000 and 6000 m, and it has several passes having elevations between 4500 m. 
 
Zanskar Range 
The easternmost range of HP is the Zanskar range. It forms the northern watershed of the 
Spiti and Sangla valleys in Kinnaur and roughly forms the Indo-Tibetan border and Satluj 
cuts across the Zanskar range forming a deep gorge. In the south-eastern part of Kinnaur, 
one prominent range extends west-northeast in the form of Kinner Kailash range. HP 
displays extensive areas with present day and past glaciers. Almost whole of the state has 
been either directly or indirectly affected by glaciers. Modern glaciers are merely the 
shrunken remnants of the much more extensive alpine glaciers of the Pleistocene ice age. 
Large part of Zanskar, Great Himalaya and Pir Panjal are currently being glaciated and 
display features of glacial topography while other areas have features of extensive past 
glaciations. Garwood (1924) has suggested that in Kangra valley glaciers came down to as 
low as 610 m. On the basis of analysis of deposits found in the Kangra valley, Sharma 
(1977) has suggested that this area has experienced three major glacial periods. This kind of 
extension of glaciers to low elevations has also been suggested in the Ravi valley near 
Chamba town (Marh, 1986). Evidences indicating the presence of glaciers in the past like 
different kind of moraines, ice-transported blocks, smoothened and striated rock surfaces, U-
shaped valleys, hanging valleys, glacial lakes and glacial-fluvial deposits are found in 
different parts of the state (Sharma, 1977; Marh, 1986; Marh et al., 1994). 
 
1.5.3 Geology 
 
The state of the HP comprises the most complicated geological regions in the Himalaya. The 
Region falls into four major stratigraphical zones (Singh and Bhandari, 2000) as described 
below: 
 
Outer or sub-Himalayan Zone 
This zone also known as Shivaliks, consists mainly of tertiary formations, extending from 
north-west to south-east. This system comprises great thickness of detrital rocks, clays and 
conglomerates.  
 
Lower Himalayan range 
This zone is mainly comprised of granite and other crystalline rocks of unfossiliferrous 
sediments. The Karol belt separates this region from Shivalik system. The rocks of the 
Shimla-Karol belt are of dark unaltered slates and micaceous sandstones. Metamorphosed 
rocks are overthurst on the Shimla slates. The overlying deposits of the Karol belt have a) 
Karol limestones and b) Tal quartzites. 
 
High Himalayan Zone 
The rocks of this zone lack fossils. The granite rocks and granitic gneisses exist in south of 
Spiti region and also along the Satluj. In this zone, severe tectonics have affected the 
crystalline rocks and led to the formation of the crystalline klipen as in the Shimla area. 
 
Tibetan or Tethys Himalayan zone 
This zone mainly consists of the wide basin covering the Spiti valley. A nearly complete 
sequence of fossiliferrous Paleozoic and Mesozoic strata is laid bare in this zone. The 
youngest Mesozoic formations are obviously composed in the central part of the basin. The 
base of the sedimentary column is formed by argilacious metamorphics where mica schist 
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rich in Kyanite, staurolite and garnets are predominant. The rusty ferruginous slates are also 
present at many places. 
 
1.5.4 Soils 
 
The soils of the state have not been classified properly so far because of lack of information 
and a great deal of heterogeneity (Singh and Bhandari, 2000). According to Raychaudhary 
and Govinda Rajan (1971), these soils have been shown as brown hill soils in the old system 
of classification. These soils have been termed as Cambisols as a broad soil region in FAO-
UNESCO soil map of the world, vol II (Anonymous, 177). However, based on their 
development and physico-chemical properties, the soils of the state can be broadly divided 
into nine groups (Yadava and Thakur, 1972; Verma 1979; Verma and Tripathi, 1982; Verma 
et al. 1985; Singh, 1987; Singh et al. 1996) as shown below: 
 
Alluvial Soils 
These soils are characterized by the incipient profile development and usually exhibit AC 
profiles and B2 horizon occasionally. Such soils are found in Una (Una district), Indora 
(Kangra district) and Poanta (Sirmaur district) areas where floodplain is a dominant 
physiography. These soils correspond to Udifluvents and Eutrochrepts in accordance with 
Soil Taxonomy of USDA (Soil Survey Staff, 1990). These are generally coarse textured soils 
comprising loamy sand and sandy loam and occasionally loam to sandy clay loam. These 
are low in organic matter and neutral (pH >6.5) in reaction. The soils are somewhat 
calcareous in nature in which calcium carbonate varies from 2.0 to 4.5%. 
 
Brown hill Soils 
These soils are found in Nahan (Sirmaur district) and Solan (Solan district) areas. Generally 
these soils have ABC profiles in which process of illuviation has given rise to the 
development of cambic or argillic horizons. These soils are medium to high in organic matter 
and neutral to slightly acidic in reaction. Sandy loam to clay loam texture is usually 
encountered. According to the soil taxonomy the soils are classified as Hapludols, 
Hapludalfs and Udorthents. 
 
Non-Calcic Brown Soils 
These soils are generally found in parts of Hamirpur, Bilaspur and Mandi districts besides 
Dehra Gopipur (Kangra district) areas. These soils show moderate development leading to 
ABC profiles. Depending upon the physiography, these are characterized by the presence of 
argillic horizons whereas in certain locations, cambic horizon is of common occurrence. Soil 
reaction is neutral in most cases and rarely acidic. The texture varies from loamy sand to 
clay loam. Organic matter content varies from low to medium. These soils are equivalent to 
Eutrochrepts and hapludalfs according to Soil Taxonomy of USDA. 
 
Brown Forest Soils 
These soils are found in parts of Chamba districts where the forest vegetation has resulted 
in the formation of dark A horizon. The soils are further characterized by B horizon which 
invariably shows alluvial clay as evidenced by clay argillans on ped surfaces. These have 
moderately deep to deep solum. The soils are sandy loam to clay loam in texture and slightly 
acidic to neutral in reaction. The soils belong to Hapludalf, Hapludolls and Eutrochrepts 
groups in order of their occurrence. 
 
Grey Wooded or Brown Podzolic Soils 
Grey wooded soils are commonly developed in parts of Shimla and Kullu districts and 
Karsog area of Mandi district. The soils are mainly developed under varying magnitude of 
podzolization. B horizon shows illuviation of free sesquioxides and clay. A horizon is 
generally characterized by darker colours containing high organic matter. ABC profiles are 
generally found on stable physiography. Soil reaction ranges from slightly to strongly acidic 
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and the textures are sandy loam to clay loam. These soils belong to Hapludolls and 
Hapludalfs groups. 
 
Grey Brown Podzolic Soils 
These soils are commonly found in parts of Kangra district and Jogindernagar area of Mandi 
district. The soils have well developed B2 horizon marked by alluvial clay on ped surfaces 
that are moderately to well developed. The dominant process of soil formation is 
podzolisation. In adition, B2 horizon is characterized by stronger matrix colours of redder 
hues, high values and chromas and are accompanied by Fe-Mn concretions. Thick argillic 
horizon underlying ochric epipedon is generally seen. Heavy texture of clay loam, silt loam 
and silty clay soils are often found. They are distinctly acidic in reaction. In soil taxonomy 
these soils are classified as Paleudalf, Hapludalf and Haplorthods. 
 
Planosolic Soils 
These soils are found in Balh valley of Mandi district, Ghumarwin of Bilaspur district, 
Nagwain area of Kullu district and Saproon valley of Solan district.  The soils are imperfectly 
drained.  Gleyed horizon often shows Fe-Mn concretions, mottling and grey matrix colours 
which qualify for cambic diagnostic horizon for moderately developed soil profiles whereas 
argillic horizon is invariably found indicating marked illuviation of clay. Soils are medium to 
fine textured i.e. sandy loam to sandy clay loam and clay loam and are neutral in reaction. 
Organic matter is usually medium to high whereas available phosphorus and potassium are 
rated under medium categories. These soils are placed in Ochraqualfs, Hapludalfs and 
Haplaquepts groups under soil taxonomy. 
 

Humus and Iron Podzols 
These soils are mainly confined to parts of Shimla, Dalhousie and Manali regions. The soils 
are predominantly formed under the process of podzolisation. While dark coloured A horizon 
is enriched with organic matter, the reddish brown to yellowish brown B2 horizon contains 
free iron and aluminum accompanied by organic matter. Typical ashy grey albic (A2 horizon) 
is rather uncommon in such podzols. Profiles are marked by distinct spodic horizon 
underlying Mollic or Umbric epipedon. Soils are acidic in reaction and contain high amounts 
of organic matter. Sandy loam, sandy clay loam and clay loam textures are common. They 
are low in available phosphorus and high in potassium. As per soil taxonomy, these soils 
qualify for Haplorthods, Argiudolls and Hapludolls. 
 
Alpine Humus Mountain Skeletal Soils 
These soils are found in the Himalayan highlands constituting the districts of Kinnaur, 
Lahaul-Spiti and Pangi tehsil of Chamba district where the precipitation is low and 
temperature regimes are frigid to mesic. Mollic or ochric epipedons are overlying cambic 
horizon in moderately developed soil profiles only over stable physiographic situations. Soils 
are gravelly loamy sand to loam, usually high in organic matter and neutral in reaction. 
Available phosphorus and potassium are generally medium to high. On the basis of soil 
taxonomy, these soils can be classified as Hapludolls, Eutrochrepts and Udorthents (Sehgal, 
1973; Negi, 1976; Verma, 1979; Sharma and Singh, 1991). 
 
1.5.5 Mountain Passes  
 
HP being a hilly state is bound on many sides by high hills and there are several inhabited 
valleys enclosed around by high mountains. The approach to these valleys is through 
difficult mountain passes, some of which are given below (Attri, 2000): 
 
Kundi ki jot: This pass lies between Khaniara and Chinota. This pass is said to have been 
one of the earliest and much used in old times by the Gaddies (nomads) of Chamba district. 
Bohar pass: This pass lies between Boh in Kangra and Basu or Bakan in Chamba. It is low 
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and easy to cross. Indrar pass: The location of this pass is between Dharamsala (Kangra 
district) and Chinota. This pass is frozen with snow and is rather steep; otherwise it is an 
easy pass to cross over. Satnalo pass: This is a difficult pass, which lies between Bandla 
(Kangra district) and Bara Bauao. Talang pass: The pass lies from the head of Bangana 
river, between Narwana or Jiya (Kangra district) and Traita. Although this is a very high 
pass, it is not considered as a difficult one to cross over. The height of this pass is about 
16,000 feet above mean sea level. Kuronw and Sultanpur passes: These passes fall in the 
mountain ranges of Lahaul and Kullu district. Bara Lacha passes: Its height is estimated to 
be between 16,221 and 16,500 feet above mean sea level lying between Zingzingbar and 
Lingti encamping grounds. This pass is generally open to traffic from June to October and 
remains closed during the winter months.  Kugti pass: This pass is a gateway to Bara 
Bhangal another tribal area in HP and is approximately 17000 feet high. 
 
Kwagpur pass: The Kwagpur pass lies between the villages of Sungra in Kinnaur and Teri in 
Spiti on the line from Dhunkar to Shimla. Its height is between 14000 and 15000 feet above 
mean sea level. Manirung pass: This pass lies in between village of Mani on one side and 
Robuk in Kinnaur on the other side. The height of this pass is approximately 18889 feet 
above mean sea level. This pass is used by traders from Spiti, Bushahr and Kinnaur. Takling 
pass: It strikes off from Spiti at the height of17000 feet above mean sea level. It enters 
Ladakh and is rarely used. Babeh pass: It rises from Satluj at the Wangtu bridge ascending 
to the valley of Gutaon in Kinnaur, the first village in Spiti, after passing Modh in the pin 
valley. This is used by people living in Bushehar, Kinnaur and Spiti. Parung pass: This pass 
lies at a height of 18, 508 feet above mean sea level. This pass lies between the village of 
Kiber in Spiti and Ladakh. This is used by traders of Spiti, Bushahr and Ladakh and tourists 
proceeding from Shimla to Leh on the Pangong Lake. 
 
Humta pass: The Humta pass lies between Preenee in the upper Beas valley and Chaitroo 
in Chandra valley It is estimated to be 15000 feet high. The pass is open most of the year. 
Rohtang pass: The pass lies at a height of 13, 325 feet above mean sea level and lies 
between Rahla in Kullu valley and Khoksar in Lahaul valley.This pass is a gateway to 
Lahaul. The river Beas originates from Rohtang pass. Kunzum pass: This pass lies at a 
height of 14,900 feet above mean sea level. It is between Upper Chandra valley and Losar in 
Spiti valley. 
 
Malana pass: It lies at a height of 12,000 feet and is situated between the villages of Naggar 
and Malana in Kullu district and the ascent on both sides is very fatiguing. Bubboo pass: 
This pass lies at a height of 10,000 feet and is a boundary between Mandi and Kullu district. 
Bajaura pass: This pass lies at a height of 7000 feet and is between Kamand in Beas valley 
and Bajaura in Kullu valley. Jalouri pass: This pass lies between Manglore and Kot in Seraj 
in Kullu district. This pass has a big forest on either side. Basloh pass: This pass lies at a 
height of 11,000 feet above mean sea level and lies along Plach and Nirmand in Seraj. 
 
1.5.6 Erosion Hazards 
 
Several kinds of erosion are taking place in HP. Some of these are sheet erosion, rill and 
gully erosion, stream and river bank erosion, road construction erosion, land slide erosion 
and glacier erosion. Sharma and Singh, (1991) has described in detail the erosions that take 
place in HP. According to Sharma and Singh (1991), it has been explained that whenever 
there is a movement of large mass of ice down the slopes, it brings along with huge debris 
causing considerable soil erosion. Glacial erosion is characterised by furrowing, cutting, 
ploughing and scouring action on the land mass. The flash floods due to enormous 
snowmelt transport the debris down into the river system after having inflicted damage to the 
bed and to the either sides of gullies. These authors have further shown evidence of such 
occurrence near Jangi village in Kinnaur district, where lakhs of tonnes of debris have been 
brought by glaciers few years back and dumped into the bed of Tidong rivulet and Satluj 
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river where it drains. In Kinnaur and Lahaul-Spiti districts there are many conspicuous 
glacier paths devoid of vegetation that directly dump debris into the river beds. 
 
1.5.7 Mineral Resources  
 
HP is endowed with several important minerals like limestone, high grade limestone, 
quartzite, gold, pyrites, copper, rock salt, natural oil and gas, mica, iron ore etc. HP is the 
only state in India where rock salt is mined. 
 
Limestone: Commonly known as Chuna-ka –pathar is one of the most important minerals 
used in many industries like cement, calcium carbide, lime, fertilizer, steel, sugar, textiles, 
paper and leather. It is available in Gagal (Kangra district) and Barmana (Bilaspur district). 
The reserves of these places are estimated to be 150 million tonnes. 
 
Gypsum: It is found in Kurga and Bharli areas of Sirmour district. About 4 million tonnes of 
reserves are estimated in these areas. Gypsum is also found in varying amounts in Solan, 
Chamba, Kinnaur and Lahaul-Spiti districts. 
 
Rock salt: It is being mined in Gumma and Darang areas of Mandi districts. 
 
Friable Quartzites: Boulders and pebbles are found in small rivulets of Una district, while 
white quartzite is found in Bilaspur district. 
 
Iron ore: It is found in Kangra, Kullu, Kinnaur, and Mandi districts, Copper in Chamba, Kullu, 
Kinnaur, Sirmour, and Lahaul-Spiti districts, Pyrites in Shimla and Chamba districts, Nickel, 
Cobalt and Silica in Kullu district and antimony is found in Lahaul-Spiti district. 

 
Nearly 232 slate quarries are producing states in Mandi, Chamba, Sirmour and Kangra 
districts, which are used for primarily roofing purpose. 
 
1.5.8 Forest Resources  
 
In the mountainous regions, such as HP, natural resources constitute the basic support 
system for life. The rural population depends on forest resources for their requirements of 
fodder, fuel wood, timber, herbs and medicinal plants. In many areas, particularly where 
much of the population is landless, forest resources are one of few resources, which are 
freely available to rural dwellers. 
 
Forests constitute an important natural resource of the state, which provide timber, fuel, 
fodder, wood, etc. The forests contribute 1/3 of the total revenue of the state and also 
provide employment to a sizable population. The forests of the state can be broadly 
classified into coniferous forests and broad leaved forests. Distribution of various species 
follow a fairly regular attitudinal stratification except  where the micro-climate changes due to 
aspect, exposure and local changes in the rock and soil brings in vegetation inversion. The 
vegetation varies from dry scrub forests at lower altitude to alpine pasture at higher attitude. 
In between these two extremes, distinct vegetational zones of mixed deciduous forests, chir, 
ban oak, pure or mixed coniferous and kharsu oak forests are found. 
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The forests of HP are rich in 
biodiversity, forming the 
conspicuous vegetation cover 
(Figure 1.1). Out of total 45,000 
species of plants found in the 
country, as many as 3,295 species 
have been reported in the state. 
The forests of the state can be 
classified as reserved, 
demarcated, unprotected 
demarcated, unclassed forests 
based on legal classification; 
whereas on attitudinal basis these 
are named as tower mountain, 
middle mountain, temperate and 
alpine forests. 
 
In HP, total area under forest is 
37,591 km2, whereas per capita 
forest area is 0.73 ha. Annual 
prescribed yield from forests is 5 57,727 m. 
 
Major timber resources of HP are conifers viz. Cedrus deodara, Pinus roxburghi: P 
wallichiana Picea smithiana Abies pindrow A spectabilis Cupressus torulosa, Juniperus 
excelsa and J. sequamata. Among broad leaved species, Shorea robusta, Quercus 
leucotricophora, Q. floribunda, Q. dilatata, Aesculus indica, Acer spp., Juglans regia, Acacia 
catechu, Dalbergia sissoo, Toona ciliata, Alnus nepalensis etc. are important wood 
resources. Average annual removal of conifers has been estimated to be 359,085 m 
whereas from broad leaved species, removal is 1,91,89 m. The fodder and fuel wood 
yielding species are Grewia optiva, Morus alba, Bauhinia variegata, Celtis australis, 
bamboos, Albizia chinensis, A. lebbeck and Robinia pseudocacia. 
 
Wood resources have a great bearing on the economy of the state as people are dependent 
upon these resources for meeting multifarious demands Major uses of wood are in the form 
of firewood, house construction, packaging of the horticultural produce and in agricultural 
implements. Annual fuel wood requirement of the state is 32 lac tonnes which is increasing 
day by day due to increase in population. The demand for fuel wood in rural area is usually 
met by lopping and small twigs collected from common lands including culturable wastelands 
and fallows other than current fallows. The increase in demand of fuel wood is the major 
cause of deforestation. 
 

The state also has valuable possessions of non wood forest resources. These products 
specifically include grass, fruits, leaves, bark, animal products, soil and minerals.  These 
also include bamboo, canes, grass fibers, essential oils, fixed oils, waxes, dyes and tans, 
medicinal plants, gums and resins, drug yield specifies, poisons, insecticides and 
miscellaneous forest produce (lac, honey, tandu leaves).   
 
1.5.9 Flora and Fauna 
 
As has been seen above HP presents a varied climate, topography and geology resulting 
into diversified flora. Climate is the main factor which determines the composition of the flora 
of any area. The variety of economically important trees, herbs and shrubs found naturally 
growing in three altitudinal belts i.e. (i) 1,200 ft to 4,000 ft (ii) 4,000 ft to 8,000 ft and (iii) 
8,000 ft to 11,000 ft.  The following are the important flora found in HP:  

Figure 1.1: Forest resources in Himachal Pradesh 
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Trees: The commonly found trees in HP are, Akoria (Rhus), Akash bel (Cusevta refles), 
Akrot (vugulans regia), Amaltas (Cassia fistula), Bargad (Ficus benghalensis), Chil (Pinus 
longifolia), Haldia (Adina cardilolia), Harar (Terminalia chebule), Kachnar (Bauhinia 
variegate), Kakare (Pistacia integerrime), Semal (Salmalia malabarica), Simbal (Bombax 
malabaricum, Seriphal (Acgle marmelos) and kaiphal (Myrica nagi) beside several other 
trees like varios species of pines, fodder trees, acacia spp. etc. 
 
Shrubs: The commonly found shrubs in HP are, Bhatindu (Cissampelos pareira), Dhai 
(Woodfordia fncticosa), Kamal (Man philippinensis) Kural (Medua helix), Thuna (Taxus 
baccata) and Tut (Morus alba). 
 
Herbs: HP is home to various herbs of high economic importance, some of which are, 
Bhang (Cannabis sativa), Ritha (Sapindus trifoliayus), Toon (Toona ciliate), Mehndu 
(Dodonaca viscas) and Tunga (Rhus cotinus). 
 
Wild life: Amongst the animals the most common wild animals are, Musk deer, Barking 
deer, Himalayan Thar, Himalayan ibax, Blue sheep, Snow leopard, Common leopard, 
Himalayan black bear, Common palm civet, Ghoral, Indian porcupine, Indian Hare, Red fox, 
Indian fox, Common langur and Jackal. Amongst the commonly found birds are Tragopan, 
Monal, Cheer koklas, Kalij and Snow cock. Amongst the commonly found fish in the river 
waters of HP are, Mrigal, Grass carp, Mirror carp, Beta Kuni, Rohu, Ticto, Sarena, Gungli, 
trout and Mahaseer. 
 
Special emphasis is laid on to develop, protect and scientifically manage the wild life in 
protected areas of HP. The major wild life sanctuaries in HP are, Great Himalayan National 
Park, Kullu district, Bandli sanctuary, Mandi district, Govind Sagar sanctuary, Bilaspur, 
Kanwar sanctuary, Kullu, Manali sanctuary, Kullu district, Pong Dam sanctuary, Kangra 
district and Shilli sanctuary, Solan district. Special arrangement has been made for captive 
breeding and rehabilitation of endangered species. 
 
1.5.10 Economy 
 
Over the years, the economy of the state has kept pace with the economic environment in 
the country as well as across the globe. It registered a growth rate of more than 6.00% per 
annum in the Gross State Domestic Product (GSDP) between 1994-95 and 1999-2000 at 
constant prices which was higher than the growth rate achieved at the national level (Table 
1.1). During the past decade of 90s, structural composition of the state economy has 
witnessed significant metamorphosis. The share of primary sector consisting of agriculture, 
forestry, fishing and mining & quarrying has declined from 35.1% in 1990-91 to 27.4% in 
2000-01. Within primary sector, though the share of agriculture including horticulture and 
animal husbandry in GSDP declined from 26.5% in 1990-91 to 22.5% in 2000-01, yet these 
activities continue to be the mainstay of majority of the population as they provide direct 
sustenance to about 70% of the working population. On the other hand the contribution of 
secondary sector increased from 26.5 to 32.5% during the same period. Within this sector, 
the share of electricity, gas and water supply went up from 4.7 to 6.1%. In consonance with 
the world economic trends, the share of tertiary sector (i.e. trade, transport, communications, 
banking, real estate and business, community and & personal services) increased from 
38.4% in 1990-91 to 40.1% in 2000-01.  
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Table 1.1: Gross Domestic Product at Factor Cost at Constant Prices 
 

Year Agriculture, 
forestry, 
logging, 
fishing, 
mining & 
quarrying 

Manufacturing, 
construction, 
electricity, gas & 
water supply 

Transport, 
communicati
on & trade 

Banking & 
insurance, real 
estate & 
ownership of 
dwelling 
business 
services 

Public 
administration, 
defence & 
services 

Gross 
domestic 
product at 
factor cost 

1994-95 1590 (1.2) 1686 (28.4) 625 (9.9) 532 (5.9) 811 (-2.5) 5244 (9.6) 
1995-96 1622 (2.0) 1856 (10.1) 669 (7.1) 535 (0.5) 886 (9.3) 5568 (6.2) 
1996-97 1646 (1.5) 2084 (12.3) 712 (6.5) 578 (8.0) 935 (5.5) 5955 (6.9) 
1997-98 1673 (1.6) 2179 (4.5) 791 (10.9) 597 (3.3) 1095 (17.1) 6335 (6.4) 
1998-99 1692 (1.2) 2324 (6.6) 867 (9.6) 631 (5.7) 1278 (16.6) 6792 (7.2) 
1999-00 1601 (-5.4) 2519 (8.4) 881 (1.6) 706 (11.9) 1499 (17.3) 7206 (6.1) 
2000-01 1755 (9.6) 2657 (5.4) 928 (5.4) 717 (1.5) 1578 (5.3) 7635 (6.0) 

(Source: Economic survey of Himachal Pradesh, 2002) 
 
Figures within parenthesis are the annual growth rate (%) of gross domestic product at 
constant prices. 
 
 
1.6 Agricultural Development Process in Himachal Pradesh 
 
Ninety percent of the 6.1 million population of HP inhabits over 17,000 villages spread over 
the mountain landscape from low hills to high mountain areas. The dominant features of hill 
farming in Himachal Pradesh are largely dry rainfed farming on sloping marginal farmlands 
and small land holdings of households. Subsistence farming on these farmlands was 
dominating until past decade. Since then a wave of change is underway towards 
diversification to high value cash crops farming. This diversification process is fully backed 
by agricultural development approach of the state. One can already find successful 
examples of improved livelihoods across different agro ecological zones of HP, as a result of 
agricultural diversification to fruit, vegetable farming and floriculture. 
 
However, the present approach to agricultural diversification has potential limitations both in 
terms of geographical coverage and sustainability. First, this diversification approach is 
based on high inputs and water needs and therefore small and marginal hill farmers owning 
sloping marginal farmlands have not benefited much from this approach. Second, there is 
increasing evidence indicating that such high input agriculture is not sustainable on marginal 
farmlands. Number of such small hill farmers are increasing who find that they are trapped in 
a vicious cycle of increasing need of fertilizer input, irrigation and pesticide use, even though 
they have less water available, poorer crop yields and lesser net economic return. 
 
Farming in HP presents two scenarios. One scenario is presented by those hill farmers who 
have been benefited by the high input cash crop farming. However, these farmers are 
looking for opportunities to change unsustainable farming practices, to sustainable farming 
and crops suitable for marginal lands. Second scenario is presented by those hill farmers, 
who are preparing to leave the age old subsistent hill farming. They are also looking for 
sustainable farming ways and new high value crops to be grown on their marginal lands. 
Both the scenarios indicate that it is time for intervention to equip farmers with new 
knowledge and information that helps promote ecologically stable and economically 
productive agriculture in hilly and mountain areas. Interventions here mean all aspects; such 
as policy changes, making available technological options and support services, 
entrepreneurship opportunities and marketing etc. 
 
Unlike under traditional farming practices, where hill farmers did not need any formal training 
and knowledge, agriculture in HP is entering a new paradigm in agriculture development – 
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that of diversification to cash crops farming; where farmers need to be equipped with new 
knowledge and information, for growing new crops, their post harvest operations, value 
addition, and for marketing their produce/ products etc. The indicators of this paradigm shift 
are, for example, already visible in new initiatives promoting variety of medicinal and 
aromatic plants farming using comparative advantage of diversity of agro-ecological 
regimes. Further, these crops will essentially be organically grown, a market requirement, 
with strong forward linkages to development of enterprises i.e. value addition and assured 
marketing. However the big question that remains is on how we can strengthen R&D support 
to help advice what can be farmed with profitability and sustainably.  
 
Success of initiatives under new paradigm depends much on steps that are taken to equip 
farmers with essential knowledge and skills about the new crops as well as agriculture 
practices that will be ecologically and economically sustainable in these locality, area, 
panchayat and development block. Thus it necessitates that agricultural education and 
extension institutions, the agricultural universities – prepares them to generate this new 
knowledge and information. Hill agricultural diversification process in HP has therefore 
reached a stage where it is imperative to launch an initiative to evolve knowledge and 
information that helps R&D agencies and farmers as well to identify locality wise- new ways 
of farming with comparative advantage. Onus lies on the universities to facilitate this 
initiative.  
 
It is an era of globalisation and information technology. No part of human life remains 
unscathed by this process of shrinking space, time and resources. Planning across 
generations requires quick decision making on several issues germane to Homo sapiens 
and its ecology. These decisions are based on the volumes of information accumulated over 
centuries of human existence lying in different places and forms which may not be user 
friendly in the current context. However, in the present ambience of time and resource 
scarcity it is difficult to have access to all such information that is relevant to one’s area of 
concern at different places and with different agencies. This in turn affects the final outcome 
of the specific decisions arising out of delayed or lagged availability of the necessary 
information.  
 
The above stated problem is more acute in areas or sectors that are marginal, for instance 
hills and mountains and agriculture sector. The mountain environment poses special 
challenges to the conventional 
development planning with the 
plain area approach. The 
biophysical and socio-
economic nature of the 
mountains is characterised by 
extreme diversity. Also, the 
remoteness and marginality of 
most mountain areas have 
been rendered as data-
impoverished and data-
incompatible with conventional 
datasets. The interaction 
between vertical zones that 
shape agriculture/natural 
resource systems requires 
different analytical tools 
than the conventional two-
dimensional analysis 
typical of flatland eco-
regions. The task, therefore, is to develop easily accessible database in digital form and 

Figure 1.2: Agro-ecological zones map prepared during early 
eighties (presented on a GIS platform) 
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derive mountain specific methodologies that can overcome the constraints of mountain 
diversity, marginality and specificities.  
 
Agricultural Planning has changed considerably during the past half a century in the country 
along a continuum from production augmenting specific area development programmes 
such as IADP, IAAP and HYVs Programme to competition induced high- tech programmes 
encompassing such aspects as future trading, crop insurance and precision farming 
depending upon the needs of the particular times. One of the approaches to fulfil the avowed 
objectives of agricultural development planning has been to divide the larger regions into 
smaller homogeneous units based on several features or factors. One such set of factors 
pertains to agro-climatic conditions. Using this as the basis, agro ecological zoning was 
attempted at the national level by the ICAR under the National Agricultural Research 
Programme (NARP) almost two decades ago and that agro-ecological zoning is presently in 
vogue for all practical purposes. Following NARP, HP is divided into four agro-climatic zones 
based on the altitude and other climatological parameters (Figure 1.2).  
 
The variations in all the levels are apparent not only within the district or zone but also within 
the block or tehsil level despite many commonalities in terms of natural resource base. 
Furthermore, due to the harnessing of comparative advantage in some of the areas/ pockets 
and not doing so in others, there has been lot of variations in the level of general economic 
development. Until two decades ago, subsistence farming on these marginal farmlands was 
dominant. However, since then an undercurrent of change towards diversification to high 
value cash crops farming is slowly engulfing the state. As a fall out of ‘keeping up with the 
Joneses’ effect, there is plethora of successful examples of improved livelihoods across 
different agro-ecological zones as a result of agricultural diversification to fruit, vegetable 
farming and floriculture. All this has been possible due to inter alia, a wide array of agro-
climatic conditions that exist here and the appropriate development policy mix that has been 
adhered to since its infancy in the state. The raison d’etre for such phenomena needs to be 
explored and investigated so that these success stories are replicated with higher frequency. 
To do so there is strong need to identify such areas and prepare an inventory of their 
resource endowments along with the development potential so as to reap in the benefits of 
comparative advantage. Of late, due to several factors such as global warming, increasing 
population, changing technology and improving infrastructure, there has been a resurgence 
of a feeling among the policy makers, scientists and the farmers to recarve out these zones 
and delineate such niche based advantageous pockets. The need to do so has been further 
reinforced by the growing demand for off-season products, for products that are chemical 
free and available throughout the year, etc. Also, in the old zoning exercise, some of the 
areas were similar with respect to one parameter (say altitude), and these were diametrically 
opposite with respect to another, say rainfall. This trend certainly complicates the process of 
agricultural planning and, again, these zones were found to be too large when seen in the 
light of niche based commercial farming.  
 
 
1.7 Rationale and Objectives of the Study 
 
Geo-Information technologies are capable of handling large volumes of data from multiple 
sources, integrating them to produce information in a spatial context in the form of maps, 
and modelling the impact of management decisions. Thus, geo-information technology can 
be an extremely useful tool for agricultural planning and decision-making that involves 
analysis of needs assessment and resource allocation. In many cases, the planners are not 
aware of how powerful a tool it can be to support and facilitate planning and decision-making 
at regional to local levels. 
 
To overcome the problems in HP, as mentioned above in 1.6, it is the need of the time that 
both biophysical and socioeconomic information for smaller areas/ pockets/ niches is culled 
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and stored in a reproducible form for making need based, demand driven, location specific 
policies for better agricultural planning in the state. This is possible through the use of Geo-
Information technology. This approach will provide excellent tools to develop, manipulate, 
use and update data in a systematic and dynamic way for making sound decisions for the 
overall development of the agriculture in state. 
 
The specific objectives of the study were: 
• To build a comprehensive geographically referenced database of HP that will be a 

building block in the state GIS database development process; and 
• To demonstrate how GIS can be used in the assessment of natural resources and 

agricultural planning process. 
 
With these objectives, the study attempted the following: 
• To collect and collate primary and secondary information from various available sources, 
• To illustrate the design and development of a state GIS database, and demonstrate its 

usefulness for agricultural planning activities; 
• To prepare a spatial profile of HP; 
• To delineate agro-ecological zones for sustainable agricultural planning in the state; 
• To develop a methodology for land cover mapping and its assessment using a satellite 

image; 
• To demonstrate the use of near real-time satellite imagery for food security early 

monitoring; 
• To perform the potential land suitability analysis for major crops in the state; and 
• To develop a decision support system for making sound decisions for the overall 

development of the agriculture in state. 
 
 
1.8 Project Components 
 
1.8.1 GIS Capacity Building 
MENRIS/ICIMOD is assisting the Geo-Centre/CSKHPAU in GIS capacity building activities. 
A two-week’s training/workshop in the Application of Geo-Informatics for Agricultural 
Land Use Management was conducted for the staff from various departments of CSKHPAU 
and the Geo-Centre by MENRIS during May 2003. There have been several visits by 
professionals from the centre to ICIMOD, and vice versa, in building the capacities of the 
centre in the applications of Geo-informatics. 
 
 
1.8.2 Establishment of a Himachal Agricultural Information System Files(HASIF) 
MENRIS/ICIMOD is assisting the Geo-Centre/CSKHPAU in establishing a GIS database, 
Himachal Agricultural Information System Files (HASIF), of Himachal Pradesh. The HASIF 
will cover data on natural resources and socioeconomic related to agriculture and human 
resources. This component is described in Chapter 3 of this report. 
 
1.8.3 Agro-ecological Zonation 
The delineation of agro-ecological zones of HP was carried out by using various biophysical 
information and several criteria. The work devoted to developing GIS-based methodology for 
the delineation of agro-ecological zones. This component is described in Chapter 5 of this 
report. 
 
1.8.4 Land Cover Mapping and Forest Cover Assessment 
The mapping and monitoring of land cover and assessment of forest cover was carried out 
by using remote sensing and GIS technologies. The main objective of the work is to develop 
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a methodology for land cover mapping and monitoring using remote sensing data. This 
component is described in Chapter 6 of this report. 
 
1.8.5 Food Security Analysis 
The food security analysis was carried out using real-time temporal satellite images. The 
Normalised Difference Vegetation Index (NDVI) derived from the real-time temporal satellite 
images was used for this purpose. This component is described in Chapter 7 of this report. 
 
1.8.6 Land Suitability Analysis for Major Crops 
The land suitability analysis for major crops of the state was carried out using different 
biophysical parameters in a GIS. This component is described in Chapter 8 of this report. 
 
1.8.7 Development of a Decision Support System 
A customised GIS programme was developed to assist planners in identifying agricultural 
resources. This component is described in Chapter 9 of this report. 
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CHAPTER 2:  AGRICULTURAL PLANNING PROCESS  
 
 
2.1 Agricultural Planning in Himachal Pradesh 
 
The era of planning started in HP in 1948 along with the rest of India. The first five year plan 
allocated Rs.5.27 crore to HP. More than 50% of this expenditure was incurred on road 
construction since it was felt that without proper transport facilities, the process of planning 
and development could not be carried to the people, who mostly lived an isolated existence 
in far away areas. Efforts were also made to involve people more in the process of economic 
and social advancement. 
 
The community development programme launched in 1952, in certain selected areas of HP 
was later extended to the entire rural area. New ideas and forming techniques suitable to 
different areas and climatic zones were introduced bringing a new awareness amongst the 
people about the production possibilities of their respective lands which, for centuries were 
using the ancient time worn methods. In Mandi and Kangra districts, package programmes 
were undertaken in collaboration with the West German government for popularising modern 
techniques of cultivation among the farmers. Suitable agricultural machinery and good 
breeds of cattle, sheep and poultry were introduced in these areas. Well equipped soil 
testing laboratories, dairy farms and agricultural workshops were established at various 
centres, besides an Agriculture University at Palampur. HP is one of the classic examples of 
rapid transformation from the worst form of feudalism to democracy and from the most 
backward part of the country to one of its most advanced states. HP now ranks fourth in 
respect of per capita income among the states of the Indian Union. 
 
HP has an impressive record to look back upon and there are wide opening vistas ahead. Its 
education system is well established, its agriculture is reaching near self-sufficiency, its 
horticulture is making a name in the country and even abroad, its road system is being noted 
as the best in the hills, the infrastructure for its industrial development is well laid out, its rich 
forests are being augmented and above all, the increasing attention of the nation towards 
exploiting its hydel resources are the guarantees for its bright future. It has already become 
an exemplary state in respect to development for the hill areas of the country. 
 
 
2.2 Geo-Information in Agricultural Planning 
 
Wise land-use planning involves making knowledgeable decisions about land use and the 
environment whereas; holistic planning involves input from multiple, interrelated data 
sources and types. In order to accomplish this feat, a great deal of information must be 
considered simultaneously. Physical and chemical soil information is a vital component in 
the planning process, reflecting directly upon land-use suitability. Traditional land-use 
planning involved many different sources of printed information such as soil survey manuals, 
topographic maps, aerial photographs, vegetation surveys, flood maps, hydrology maps, and 
property surveys to name a few. Each source contributed an important characteristic to the 
final decision. In addition, decision-makers were challenged to keep track of all the 
information at once, to understand the interrelationships, and to correlate multiple data 
sources at single locations and hence it proved to be very difficult and time consuming. 
Today, advances have been made towards extraordinary digital systems for utilisation in 
land-use planning and GIS contributes to the speed and efficiency of the overall planning 
process.  
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GIS also allows tabular soil information to be geo-referenced and easily converted to 
geographic and interpretive maps, providing the user with a visual representation of the 
tabular data. Geo-referencing tables allow users to see tabular information for any feature on 
any map by a simple mouse click. A GIS allows access to large amounts of information 
quickly and efficiently. “Geographic Information Systems let you visualize information in new 
ways that reveal relationships, patterns, and trends not visible with other popular systems” 
(Environmental Systems Research Institute, 1999). A GIS is a thematic mapping system, 
meaning you can produce maps based on themes such as soils or hydrology. Map features 
can be linked to corresponding information contained in database tables. Another advantage 
of GIS is that it is a dynamic product rather than a static product, which is easy to update, 
edit, and reproduce maps. Multiple layers of maps can be quickly displayed in a variety of 
overlap, scales, and combinations to fit the needs of the user. 
 
The application of GIS has proved to be a useful and effective tool in the field of area-
planning for agricultural development at the district level. A big advantage of GIS is its 
flexibility and its easily update-able system in context to the socio-economic indicators. The 
GIS analysis can also be conducted applying different sets of indicators based on adjusted 
parameters. In general, the database can be utilised for the assessment of different 
problems and for problem solutions. Once a methodology is developed, it can be expanded 
and transferred to other regions with much less effort. 
 
The integration of today’s technologies allows the agricultural growers to track information 
relating to crops and map location features that affect crop productivity. The ability of a GIS 
to integrate information from many sources makes it particularity attractive for farm 
management and natural resource management. The GIS serves as an integrated 
framework for data gathering, analysis, storage, and product development. A GIS is a 
powerful tool for mapping, spatial data base management, spatial statistical analysis, and 
modelling. Many countries have begun to integrate GIS and remote sensing in their natural 
crop inventory statistics programs. They are also used as the basis for famine early warning 
systems. Manipulation and interaction of such data as digital soil maps, field boundary maps, 
drainage maps, yield monitor images, fertilizer, seed, and chemical rate applications are 
primary to precision farming. The demand for digital data at all levels will increase 
dramatically as data are collected for local, regional, and national statistics,for the 
management of crop production, transportation to markets, crop insurance decisions, 
marketing commodity’s future and delivery of data to agriculture consultants. The GIS truly is 
a decision support system. Data is input, stored and retrieved, manipulated and analyzed, 
and finally reported to the GIS user in spatial information products like maps, tables, or 
charts. The process of using GIS spatial information products to make better decisions is 
often called "scientific visualisation." 
 
 
2.3 Information Requirements for Agricultural Planning 
 
A major component of the agricultural planning process in a particular area is the 
identification of priorities for the development and improvement of physical and 
environmental conditions. The data and information requirements are determined by the 
desired application and the level of application.  
 
Planning to accommodate growth in agriculture requires analysis of data in several areas 
including land, water, policy, and demographics. This analysis can be highly complex and 
requires specialised skills in agronomy, engineering, computer science and expertise in 
bringing skills, knowledge, and information together using GIS analysis. Most local 
governments lack the technical knowledge and skill sets to assess the impact of agricultural 
development.  
 



 19

Decision Support Systems use GIS to combine technical expertise and resource information 
including soil, water, infrastructure, location of livestock operations, residence locations, data 
analysis, municipal by-laws, and provincial guidelines into decision support tools that local 
governments can use to make informed decisions regarding agricultural development. These 
tools allow decision makers to evaluate potential impacts from a variety of development 
opportunities and illustrate options in a map format. Results from DSS include the 
development of resource databases, data analysis and a preliminary planning framework 
needed for local agricultural and rural development; the enhanced capacity of local decision 
makers to use resource information to make sustainable land use decisions; and the 
promotion of a stable diversified rural economy. Figure 2.1 shows an agricultural decision 
support system including an indicator of the biophysical and socioeconomic datasets 
required for major agricultural applications. 
 
Figure 2.1: An Agricultural Decision Support System 
 

Source: http://taipan.nmsu.edu (New Mexico State University) 

http://taipan.nmsu.edu/
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CHAPTER 3:  DESIGN AND DEVELOPMENT OF HIMACHAL 
AGRICULTURAL SYSTEM INFORMATION FILES 
(HASIF) 

 
 
3.1 Introduction 
 
Districts in HP share broadly similar biophysical, climatic and topographic characteristics 
which result in broadly similar farming systems. The first step in the methodology 
development will be generation of GIS models and statistical tests, based on the first 
available geo-referenced data, to create clusters of homologous areas on the basis of 
biophysical variables. The next step will be comparing these homologous areas in terms of 
socioeconomic and farming systems data compiled from a variety of sources. By developing 
methodologies for examining both similarities and differences across the state, it will allow 
for scaling upward from villages, panchayats, block level to districts and the state, which is 
useful in terms of setting research and development priorities. The next step will be to 
develop a GIS based methodology that would identify most appropriate land use options with 
respect to developing remunerative agriculture and sustainable natural resources of HP. A 
comparison between alternate scenarios and current systems will help identify most 
appropriate policy options for agricultural development across HP. 
 
In order to address the complex problems of HP, policies and programmes development 
must be responsive to changing agricultural systems and resources. This presupposes a 
systematic set of natural resources and agriculture information data set readily available for 
formulation of policies, setting priorities, and extrapolation of results between logical and 
similar zones. In order to build such an inventory it is necessary to take a step wise 
approach that will allow us to classify the region into agro-ecological and farming systems 
categories which despite their natural diversity are conceptually homogeneous.  Then for 
each homologous area an information base on the mountain specificities and conditioning 
variables needs to be developed (socio-economic parameters) which should be largely 
compatible with local development administration.  

 
3.2 The Concepts and Framework 
 
Ecological hierarchy theory holds that climate is a first order “determinant” of agro 
ecosystem character, with edaphic factors second, followed by human intervention and other 
natural disturbances. The natural quadruplete of physiography climate, soils and water 
resources exert recognisable influences on agricultural land use. It could be hypothesized 
that the spatial variations in the physical environment impose the limits on the distribution of 
farming system, although the actual distribution will depend on the human willingness and 
ability to ameliorate physical condition through culture and technology. In most situations, 
the physical environment reduces the choice of the enterprise, either by prohibiting the 
growth of certain crops altogether or by reducing their level of output to an unprofitable 
degree. A high degree of ecological perception exists on the part of the indigenous cultivator 
as indicated by the farmers’ ability to select those systems of production and techniques of 
management that makes the most efficient use of environmental resources. Environmental 
relationship determines the shape of the area of primary crop production, while the 
socioeconomic relationships determine their extent. Establishing agricultural patterns 
requires two propositions: definition and delimitation. The first proposition (definition) takes 
into account structural attributes of farming systems, such as biophysical factors 
(temperature, moisture, soil, physiography, irrigation regimes etc.), dominant crops (first 
ranking crops) percentage, strength and degree of concentrations of dominant crops, crop 
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structure; crop and livestock association; agricultural enterprises combinations; and the 
organisation system of farm processes. The second proposition (delimitation, the actual 
fixing of the boundary), involves drawing maps in quantitative terms. 

 
3.3 Data Base Development and Documentation: Multi scale Characterisation 

Issues in Mountain-specific Data Structures 
 
The methodological challenge in the process of characterisation in hilly and mountain areas 
lies in the fact that there has not been a framework which identifies and correlates the 
different datasets available at different scales. Data for almost all aspects of mountain 
ecosystem are heterogeneous in their scale, frequency of record, spatial coverage and 
availability. The multi-scale data collection for HP at different hierarchical levels is a complex 
process. Relevant system levels can distinguish the data requirement and this requirement 
can be properly defined in relation to the purpose and objectives. The present study 
attempted to provide a framework for this perspective were the initial efforts focused to study 
areas deemed conceptually ‘homogeneous’ at regional scale. While collecting this data, care 
was taken that the different land use type, cropping and livestock system could be identified 
within the land use/cover mapping unit. Testing this approach in mountainous community, 
where land holdings are fragmented, and production systems flow between zones, and 
where there is a high degree of communal ownership, would obviously require a different 
non-conventional approach. It is important that the programmatic needs for information for 
sustainable agriculture in HP must direct data collection. However, it was not feasible at this 
time to develop individual house hold level data for the entire state. Different data reduction 
processes, involving statistical and neural network data analysis, were used to identify 
characteristic sites of niche based farming on which to concentrate our efforts. 
 
Unfortunately, issues associated with the use of GIS in mountain areas have received 
relatively limited attention in contrast to wide spread use in other areas. GIS in mountain 
areas presents great challenge with vastly different rates of change in different component of 
bio-physical and societal systems. Experts believe that the great variability of mountain 
environments at all special and temporal scales requires great care, both in the choice of 
scales of data collection and storage and in extrapolations from locations with high quality, 
long term data to data poor areas even on small distances. Methods of assessment and 
extrapolation developed in lowland environment may be quite unsuitable for heterogeneous, 
fast changing mountain environment; when applied in these areas, the assumption 
embedded in such methods must be made explicit and assessed for their applicability for a 
specific task, using detailed local knowledge. 
 
GIS, used in mountain areas usually incorporate digital terrain models, which permit the 
representation of the three dimensional nature of mountain landscape. The ability of GIS to 
model the nature of the terrain is essential because the local and microclimatic variations 
strongly influence the bio-physical components of mountain environments which in turn 
shapes the pattern of housing, social organization and agriculture system. Typically, the 
objectives of GIS are to record base line information about the state of environment and 
anthropogenic stresses that affect them; to evaluate methods for the continued monitoring 
and sustainable development in mountains; and, in some cases, to evaluate future scenario 
deriving from the interaction of bio-physical and societal processes, usually through 
simulation models. //Aussuming models for modals….please reconfirm// 
 
Given the spatio-temporal and structural complexity of farming practices in the mountain 
areas, an exhaustive analysis of spatial and temporal variables can effectively and 
accurately be obtained from remote sensing data. This will involve analysis of imagery sets 
at different scales. However, moving across the scale will also require calibration as we 
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move toward higher spatial and temporal resolution, contextual and cultural knowledge of 
farming and land use practices become more appreciable. 
 
One problem with using satellite data in mountain areas is the topographic effect resulting in 
variable illumination. An additional problem arises while using the rectification process 
because of the fact that almost all the common methods of rectification use digital elevation 
model (DEM) to perform a Spectral Rectification or Topographic Normalisation. Therefore, 
the process demands a DEM of high resolution capturing micro relief, which is a difficult task 
in a data poor area of the mountain environment. 
 
3.4 Integration of Biophysical & Socio-economic Information 
 
It is important to note that the regional and area level planning for districts/regions 
presupposes the combined analysis of tabular socio-economic as well as demographic data 
and thematic natural resources data. These two discrete datasets have different 
characteristics. The socio-economic and related developmental data is mainly the data 
collected by the census. This dataset is based on administrative unit and is mainly tabular. 
As against this, the thematic data on natural resources and settlements location are based 
on a spatial framework. These datasets follow the specific graticules and thus are based on 
particular projection system. However, in order to develop an integrated planning exercise, 
which will entail both a spatial and spatial framework, the two datasets need to be combined/ 
analysed to derive meaningful relationship. The integration of the two would result in 
merging of the attributes of the districts/ development blocks and natural resources for 
generating planning scenario background. Successful example of biophysical studies at the 
local scale and regional scale has the potential to be used with socio-economic data 
collected at similar scale. Integration is facilitated through site-specific data collection, where 
biophysical and land resources data are collected at the same unit and are directly cross-
checked and integrated. 
 
As tools become available, there will be a growing interest in promoting applications to 
examine future impacts of alternative agricultural interventions across a range of 
landscapes. In planning context, the integration of dynamic modelling into GIS can provide 
less trivial answers than those given by usual methods of projections to conditional 
questions: what will happen if..? However, the challenge is to feed and combine huge 
amount of biophysical and socio-economic data into the system, often, coming from different 
sources such as manual field measurements, automated data loggers or remotely sensed 
images. 
 
Integrated synthesis of GIS with dynamic model to take care of the changing socio-economic 
dynamics and biophysical aspects will not only be useful but also cost effective. Such model 
should be able to read and write information from/ into the GIS database giving time series 
of geographical information in the form of maps. However, no matter how sophisticated 
systems are used, it is imperative that realistic plans for the management of mountain 
agricultural systems entail a validation process through fieldwork and remote sensing. 
Moreover, one of the prerequisites for developing this type of model is the requirement of 
large amount of reliable and quality data. Given this pressing need for acquiring both 
environmental and socio-economic data for each agricultural system of HP, it is paramount 
that the potential value of the databases be maximised. 
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3.5 Data Collection and Needs Assessment 
 
There are inherent limitations in compiling GIS datasets for a state like HP. The difficulties 
are compounded by limited data and information handling capability in various organisations, 
and a lack of coordination and harmonisation between different offices and activities. In the 
study, an attempt was made to compile sufficient data and information from available 
sources in a satisfactory spatial framework to fulfill the basic information requirements for 
agricultural planning (Figure 3.1). The methodology used to build HASIF, and to perform 
spatial analyses, is summarised in Figure 3.2. To possible extent, data were collected from 
secondary sources, bearing in mind the considerable resources required for the preparation 
of databases. The GIS layers that were developed are summarised in Table 3.1. 
 
Figure 3.1: Data requirements for agricultural planning 
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Figure 3.2: Methodology for GIS database development and spatial analysis 
 

 
 
Table 3.1: Baseline GIS Database Layers 
 
Data Layer Description Map 

Scale/Resolution 
Source 

Topographic Feature 
ELEVATION 
DRAINAGE NETWORK 
 
Biophysical 
LANDCOVER  
PRODUCTIVITY 
SOIL 
 
Administrative  
STATE BOUNDARY 
DISTRICT BOUNDARY 
TEHSIL BOUNDARY 
SETTLEMENTS 
 
Climate 
 
 
 
 

 
Contour 40m interval 
Major and Minor Rivers 
 
 
Land Cover Map   
Vegetation map 
Soil map 
 
 
State boundary 
District boundary 
Tehsil boundary 
Settlements 
 
Weather Station 
Rainfall 
Temperature 

 
1:50,000 
25m 
 
 
 (25m) 
 (1km) 
 
 
 
1:50,000 
 
 
 
 
1:50,000 
 
 

 
Topographic map 
IRS1D-LISS3 
 
 
IRS1D-LISS3 
SPOT Vegetation 
(1998-2003) 
 
 
Topographic Map, 
Survey of India 
 
 
 
Topographic Map,  
Various 
meteorological  
observatories 
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CHAPTER 4:  SPATIAL PROFILE OF HIMACHAL PRADESH 
 
 
4.1 Introduction 
 
The spatial profile of HP was extracted in the form of maps (Map 1 to Map 10) from the GIS 
database described above. The maps provide a general overview of the spatial distribution 
of various features within the state. Map 1 shows the administrative boundaries including the 
location of settlements, Map 2 shows drainage network, and Map 3 shows the contour lines. 
These are followed by the Digital Elevation Model (DEM) maps, soil types, location of 
weather stations, annual rainfall, annual maximum temperature, annual minimum 
temperature, and IRS1D-LISS3 satellite image. Each of these themes is discussed briefly 
below with reference to the respective map. 
 
4.2 Settlements 
 
The database shows a total of 555 settlements within the state. Figure 4.1 shows the 
distribution of settlements by districts. Lahaul-Spiti has a maximum number (107) of 
settlements, whereas Bilaspur has a minimum number (14) of settlements. 
 
Figure 4.1: Distribution of Settlements by Districts 
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4.3 Drainage Network 
 
The drainage network in the state is shown in Map 2. The drainage network is based on the 
IRS1D-LISS3 satellite image of 2001.  
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4.4 Contours 
 
Map 3 shows the pattern of 40m interval of contour lines. These are digitized from 1:50,000 
scale topographic map. 
 
4.5 Digital Elevation Model 
 
The Digital Elevation Model (DEM), as shown in Map 4, is derived from the interpolation of 
contour lines and spot heights. The TOPOGRID method was used to interpolate the DEM. 
The output resolution of the DEM is 50m. 
 
4.6 Soil Types 
 
Map 5 shows the generalised soil types based on the suitability classes. The details of the 
soil types can be found in the database. 
 
4.7 Climate 
 
Map 6 shows the location of weather stations within the state. The precise locations of these 
stations are given in the database in terms of their latitude and longitude, and elevation as 
well. The annual average rainfall, annual maximum and minimum temperature recorded by 
each weather station are given in Table 4.1 and 4.2, respectively. The rainfall and 
temperature (minimum and maximum) data were used to interpolate to derive the pattern of 
annual rainfall, annual maximum, and annual minimum temperature pattern in the entire 
state. The pattern of annual rainfall, annual maximum temperature, and annual minimum 
temperature are given in Map 7, Map 8, and Map 9, respectively. 
 
The altitudinal variability of HP is diverse and so is the rainfall variability. There are places in 
HP, where the average annual rainfall is around 2600 mm (Dharamsala, Palampur etc.), 
while at some other places the rainfall is less than even 100 mm (Cold desert areas of 
Lahaul and Spiti). Hence, a meaningful distribution of the rainfall for the state of HP was 
considered and combined with the dry periods occurring in the state. 
 
4.8 Satellite Image 
 
Map 10 shows the IRS1D-LISS3 satellite image of circa dates 2001 used for the project.  
The image was acquired from National Remote Sensing Agency (NRSA) of Hyderabd, India. 
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Table 4.1: Average Annual Rainfall by Stations 
S.No StationID Name Rainfall(mm) District Latitude Longitude 
1 7631102 Ghumarwin 1110 Bilaspur 31.44583 76.75833 

2 7631104 Bilaspur 1048 Bilaspur 31.33055 76.78611 

3 7632108 Chhatrari 597 Chamba 32.583 76.183 

4 7632102 Chamba 1259 Chamba 32.43889 76.02222 

5 7633100 Killar 821 Chamba 33.066 76.383 

6 7632110 Holi 640 Chamba 32.317 76.55 

7 7632102 Chowari 1844 Chamba 32.43889 76.02222 

8 7631119 Bhoranj 1092 Hamirpur 31.61 76.6 

9 7631111 Barsar 1106 Hamirpur 31.566 76.416 

10 7631101 Hamirpur 1422 Hamirpur 31.69583 76.50555 

11 7631116 Sujanpur 1291 Hamirpur 31.8 76.55 

12 7631109 Nadaun 1234 Hamirpur 31.7 76.35 

13 7632103 Kangra 1898 Kangra 32.09167 76.22083 

14 7632104 Dharamsala 2433 Kangra 32.20167 76.31389 

15 7631110 Dehra 1390 Kangra 31.87222 76.20834 

16 7632105 Palampur 2606 Kangra 32.10417 76.52222 

17 7531100 Pong Dam 1201 Kangra 31.96666 75.96666 

18 7532100 Nurpur 1562 Kangra 32.29167 75.90833 

19 7831101 Kalpa 663 Kinnaur 31.61 78.32 

20 7831100 Kilba 627 Kinnaur 31.5 78.133 

21 7831103 Sangla 632 Kinnaur 31.383 78.216 

22 7731101 Bajaura 941 Kullu 31.84861 77.14722 

23 7731110 Banjar 907 Kullu 31.6433 77.35 

24 7732103 IARI - Katrain 1096 Kullu 32.10833 77.1388 

25 7832100 Kaza 332 Lahaul-Spiti 32.134 78.4199 

26 7732100 Moorang 386 Lahaul-Spiti 32.31 77.95 

27 7732101 Udaypur 498 Lahaul-Spiti 32.6 77.06 

28 7732102 Keylong 803 Lahaul-Spiti 32.566 77.033 

29 7631106 Sundarnagar 1291 Mandi 31.54445 76.91389 

30 7731107 Karsog 1017 Mandi 31.38889 77.21667 

31 7631103 Sarkaghat 1175 Mandi 31.70555 76.78056 

32 7631114 Sandhol 836 Mandi 31.866 76.683 

33 7631118 Mandi  1351 Mandi 31.7 76.85 

34 7731103 Theog 1244 Shimla 31.13194 77.37083 

35 7731108 Kumarsain 952 Shimla 31.3 77.45 

36 7731105 Rampur 847 Shimla 31.42889 77.665 

37 7731114 IARI-Shimla 1272 Shimla 31.0833 77.1583 

38 7731100 Suni 971 Shimla 31.2222 77.12917 

39 7731111 Rohru 987 Shimla 31.2 77.733 

40 7731104 Kotkhai 1118 Shimla 31.11667 77.55 
41 7730106 Chopal 1062 Shimla 30.9625 77.5975 
42 7731102 Mashobra 1330 Shimla 31.1375 77.24167 
43 7731106 Jubbal 1116 Shimla 31.09861 77.6625 



 28

S.No StationID Name Rainfall(mm) District Latitude Longitude 
44 7730102 Pachhad 964 Sirmaur 30.79722 77.225 
45 7730103 Nahan 1702 Sirmaur 30.56389 77.27778 
46 7730104 Renuka 1267 Sirmaur 30.61806 77.46389 
47 7730105 Dhaulakuan 1597 Sirmaur 30.49861 77.48055 
48 7730107 Paonta Sahib 1620 Sirmaur 30.483 77.583 
49 7630100 Kasuali 1899 Solan 30.90556 76.94167 
50 7730109 Solan town 1232 Solan 30.9125 77.1388 
51 7631105 Nalagarh 1179 Solan 31.05 76.8 
52 7631108 Arki 1218 Solan 31.16389 76.98333 
53 7730100 Kandaghat 1191 Solan 30.97083 77.075 
54 7631100 Una 1148 Una 31.4625 76.25833 
55 7631112 Bangana 1209 Una 31.636 76.35 
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Table 4.2: Average Annual Maximum and Minimum Temperature by Stations 
S.No StationID Name MinAvgTemp MaxAvgTemp MeanTemp Latitude Longitude 

1 7631122 Taal 14.57083 27.43345 21.00214 31.6111 76.6005 

2 7532101 Jachh 15.66861 27.39807 21.53334 32.32166 75.90833 

3 7631100 Una 17.08417 27.62068 22.35242 31.4625 76.25833 

4 7631101 Hamirpur 10.93902 31.91667 21.42784 31.69583 76.50555 

5 7631104 Bilaspur 16.22077 22.61707 19.41892 31.33055 76.78611 

6 7631106 Sundarnagar 11.51642 28.58353 20.04875 31.54445 76.91389 

7 7631117 Bhota 16.36744 29.10295 22.73519 31.61388 76.5527 

8 7631121 Berthin 13.52914 28.08447 20.8068 31.41 76.63 

9 7632100 Chamba 11.00554 27.4191 19.21232 32.54861 76.14861 

10 7632101 Salooni 10.20907 20.94802 15.57854 32.725 76.05222 

11 7632103 Kangra 16.08063 27.79227 21.93645 32.09167 76.22083 

12 7632104 Dharamshala 13.27047 26.58605 19.92826 32.20167 76.31389 

13 7632105 Palampur 13.39285 23.05516 18.22401 32.10417 76.52222 

14 7632106 Malan 14.17694 26.07813 20.12754 32.11 76.41 

15 7632113 Kukumseri 7.089923 21.54747 14.3187 32.7001 76.6601 

16 7730103 Nahan 10.20455 30.76364 20.48409 30.56389 77.27778 

17 7730105 Dhaulakuan 14.3677 28.62086 21.49428 30.49861 77.48055 

18 7730109 Solan 10.16429 30.5 20.33214 30.9125 77.1388 

19 7730110 Nauni Solan University 12.6527 24.82545 18.73908 30.8576 77.1706 

20 7731101 Bajaura 10.07829 25.43401 17.75615 31.84861 77.14722 

21 7731104 Kotkhai 14.0231 22.65286 18.33798 31.11667 77.55 

22 7731113 Bhunter 6.438889 28.72222 17.58055 31.8888 77.1666 

23 7731114 IARI - Shimla 11.31217 19.50586 15.40901 31.0833 77.1583 

24 7731115 CPRI - Shimla 11.1935 19.65941 15.42645 31.0916 77.1791 

25 7732103 IARI - Kartain 9.456849 20.6101 15.03348 32.10833 77.1388 

26 7732104 Manali 3.961111 24.27778 14.11944 32.2416 77.2055 

27 7831101 Kalpa 0.4639445 20.35139 10.40767 31.61 78.32 
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CHAPTER 5:  AGRO-ECOLOGICAL ZONATION 
 
5.1 Background 
Ninety percent of the 6.1 million population of HP inhabits over17,000 villages spread over 12 
districts of the mountain landscape from low hills to high mountain areas (Fig 5.0). The 
dominant features of hill farming in HP are largely dry rainfed farming on sloping marginal 
farmlands and small land holdings of households. Subsistence farming on these farmlands was 
dominating until past decade. Since then a wave of change is underway towards diversification 
to high value cash crops farming. It is evident that such a paradigm shift in agriculture is not an 
easy task for decision makers and that it should be supported by science based information. 
The first step in planning a change in agricultural systems is to delineate the production 
domains also known as the agro-ecological zonation. Agro-ecological zoning (AEZ) is a 
methodology to cluster determinants of agricultural systems into homogeneous units. These 
units can be of great importance in sustainable agricultural planning. There is also a strong 
need for an updated zonation in today’s scenario to replace the outdated map made in the 
eighties. Since agricultural land use is influenced by many biophysical parameters (e.g. 
physiographic variables, climate, soils, land cover, and productivity) it is imperative to have 
these datasets spatially available and in combination with a set of decision rules so that an 
agro-ecological zonation can be carried out. Geo-IT tools can play an important role in the 
dynamic mapping of agro-ecological zones. On a global scale such an approach has been 
stressed (FAO, 1995). 
 
5.2 Methodology 
 
Modern geo-information tools are used to perform an AEZ in a data scarce environment. FAO 
(1997) distinguishes two classes of bio-physical attributes to be used for AEZ clustering.  
Category I variables comprise of soils, altitude and slope, while category II variables consist of 
land cover, biomass, and climate. In this study, two methodologies have been adopted to 
perform AEZ using the combination of FAO category I and II. The first method uses variable 
altitude and rainfall (climate), and the second one uses altitude, biomass, and climate (rainfall, 
and maximum and minimum temperature). Two independent methodologies are described 
below: 
 
5.2.1 First Method 
 
The variables that have been used in the first method for performing AEZ are altitude and 
rainfall. The adaptation patterns of Singh and Dhillon (1995), as proposed for the western 
Himalayas, were adopted for developing a set of decision rule. These are the ranges (Figure 
5.1), which divides the state of HP in six altitudinal ranges as well as climate types combined 
with agricultural adaptations.  
 
The rainfall was divided into four classes which included: (i) wet annual (A), (ii) moist annual (B), 
dry annual (C-1) and very dry annual (C-II) rainfall. The detailed description is provided in Table 
5.1. The distribution of rainfall is categorised according to months. 
 
 
 
 



 41

 
Table 5.1: Zones of rainfall distribution 
Symbol Classification Description 

A Wet Annual rainfall > 
2500 mm. 

Dry season period of 1 to 3 months. 
Moisture availability period of 270 to 330 days  

B Moist Annual rainfall 
between 2500 and 1500 
mm. 

Dry season period of 3-5 months. Moisture 
Availability period of 210-270 days 

C-1 Dry Annual rainfall 1500 
mm  to 700 mm 

Dry season of 5 to 7 months. Moisture  
Availability period of 150-210 days 

C-2 Very Dry Annual rainfall 
< 700 mm. 

Dry season of 7 to 9 months.  Moisture availability period of 90 and 
150 days  

 
 
 

 
 
Figure 5.1: Altitudinal agro-climatic zones proposed for the Western Himalayas (Singh and Dhillon, 1995). 
 
To develop atitudinal agro-climatic zones, the six altitudinal zones were combined with four 
rainfall zones. Thus, theoretically by ordinary combinations one can expect twenty four zones 
but these twenty four zones have to realistic enough to be included in those agro-ecological 
situations which are realistic and are occurring in HP.  Based on this, nine agro-ecological 
situations were identified and a set of criteria was developed, as given in Table 5.2, to identify 
realistic, and meaningful agro-ecological zones within HP. The DEM and annual rainfall data 
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developed as discussed in Chapter 3 and presented in Map 4 and Map 7, respectively, were 
used for the analysis. 
 
Table 5.2: Criteria for Agro-ecological Zonation 
 

Agro-ecological Zones 
(AEZs) 

Proposed AEZs Altitude range Rainfall (mm) 

1 240-1000 700-1600 Sub montane & low hills sub-
tropical 2 240-1000 1600-2900 

3 1000-1500 700-1600 Mid hills sub humid 
4 1000-1500 1500-2900 
5 1500-2500 350-1500 High hills temperate wet 
6 1500-3250 1500-3000 
7 2500-3250 Dry 
8 3250-4250 Dry/snow 

High hills temperate dry 

9 >4250 Dry/snow 
 
The ESRI products ArcView and ArcGIS were mainly used for the analysis. 
 
5.2.2 Results 
 
Nine agro-ecological zones (AEZ) were identified based on the developed criteria, which were 
realistic and occurring in HP. The statistics of all the zones are listed inTable 5.3 which also 
shows the spatial distribution of each zone. The combined nine AEZs are presented in Map 11.  
 
 
Table 5.3: Spatial Distribution of Agro-Ecological Zones 
 
Agro-ecological Zones Area (In Sq.Km.) Percent 
Zone 1 7629.05 13.73 
Zone 2 2651.08 4.77 
Zone 3 2924.18 5.26 
Zone 4 1747.13 3.14 
Zone 5 7395.74 13.31 
Zone 6 1514.91 2.73 
Zone 7 4936.54 8.88 
Zone 8 6978.92 12.56 
Zone 9 19790.56 35.61 
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5.2.3 Second  Method 
 
In the second method, a simplified combination of category I and II variables are used to 
perform a rough AEZ. In this case category I variable (altitude) and category II variable (climate, 
biomass) are used. An innovative approach is used to derive the final result in a dynamic map 
form containing all the information of those determinants which can be queried as required by 
specific planning problems. Figure 5.2 depicts the conceptual methodological framework.   
 
Figure 5.2: Conceptual Framework of the Methodology 
 

 
 
First, a temperature – rainfall index was calculated based on the maximum temperature, 
minimum temperature and total annual precipitation. The index is given below by equation 
(Quiroz et al., 2000): 
 
 
 
 
                             
 
where TPindex is the temperature – rainfall index, P is the annual total precipitation, Tmax is the 
annual maximum temperature, Tmin is the annual minimum temperature. The factor 7.1 scale the 
index between 0 and 14, the power of 1.66 is used to match temperature range quantities to 
precipitation amounts. The index is proportional to rainfall and inversely proportional to 
temperature range, e.g. a high value of the index indicates favourable climatic conditions for 
intensive agriculture. The temperature and rainfall maps are interpolated from meteorological 
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stations using a spline interpolator (Franke, 1982), as shown in Maps 7, 8, and 9. The index 
map was then reclassified into 6 logical classes as shown in Table 5.4. 
 
Table 5.4: Six Logical Classes of Climate Index, DEM, and Productivity (NDVI) 
Class number TPindex  DEM (m.a.s.l.) NDVI 
1 0 - 7 0 - 1250 -0.1 – 0.1 
2 7 – 7.5 1250 – 1750 0.1 – 0.2 
3 7.5 – 8 1750 – 2750 0.2 – 0.4 
4 8 – 8.5 2750 – 3250 0.4 – 0.6 
5 8.5 – 9 3250 – 4500 0.6 – 1.0 
6 9 - 14 > 4500  
 
The DEM value range is divided into six altitudinal zones (Table 5.4). The third input layer is a 
map with the maximum Normalised Difference Vegetation Index (NDVI), which is a Remote 
Sensing derived index proportional to photosynthetic activity, biomass production and Leaf Area 
Index (Tucker 1979). The NDVI values are reclassified into 5 logical classes (Table 5.4). 
 
The three reclassified themes are combined in ArcView GIS into an AEZ map. Theoretically, 
180 AEZ-s are possible (6 TPindex classes * 6 elevation zones * 5 NDVI classes). Finally 
production domains can be delineated by querying the dynamic map based on a set of decision 
rules. 
 
5.2.4 Results 
 
In different elevation zones, each have their own agricultural adaptations. The relatively flat area 
in the south-western part of the state between 240 and 1250 metre is known for wheat, barley, 
rice and vegetable cultivation. In the next elevation zone between 1250 and 1750 metre 
horticultural crops such as peach, pear, plum and apricots are dominant, while potato, cherry 
and walnut perform best between 1750 and 2750 metre. Higher elevations are suitable for minor 
millets, barley and apple and above 3250 meter only low intensity livestock breeding is possible. 
 
The NDVI zones clearly follow the south-west to north-east elevation gradient. The map is 
based on the maximum annual NDVI, which occurs just after the monsoon in September when 
above ground biomass is in peak after the monsoon rains. Negative values are found in the 
snow clad mountain areas in the north-western part of the state.  
 
The TPindex map is a combination of temperature range and precipitation. The mountainous part 
in the north-west has both low rainfall and a large temperature range resulting in low value 
TPindex (~ 0-8), which is unsuitable for pasture or crop cultivation (Quiroz et al., 2000). The large 
red area, near the city of Palampur, is most suitable for intensive agriculture and the values for 
the TPindex exceed 9. This is mainly caused by the relatively high amount of annual precipitation 
(~ 2700 mm/year). 
 
Map 12 shows the dynamic agro-ecological zones based on the overlay of the elevation 
classes, the NDVI classes and the TPindex classes. In total 107 out of theoretically 180 
combinations prevail in HP. The AEZ map is a dynamic map and for each of the 107 zones the 
information on elevation, productivity and climate can be queried to respond to the need of a 
decision maker. For example let us assume a decision maker wants to make a rough spatial 
delineation of the spatial production domain of apples. Apple production is optimised between 
2750 and 3250 metres, between a maximum NDVI of 0.6 and 1, and within a TPindex range 
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between 8 and 9. By using the GIS software the spatial domain where apples can be grown, 
can be easily identified as shown in Figure 5.3. 
 
 
Figure 5.3: Suitability map based on dynamic AEZ and users’ parameter input 
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CHAPTER 6:  LAND COVER MAPPING AND FOREST COVER 
ASSESSMENT 

 
 
 
6.1 Background 
 
Land use and land cover information is essential for a number of planning and management 
activities. The existing land use patterns, because of their strong influence on how land 
could be used in future, become a crucial factor in deciding as to how land development, 
management and planning activities should be undertaken. Most of the natural resources 
are directly or indirectly related to the surface cover in a given locality. Therefore, to maintain 
harmony among sustainable resources and socio-economic needs, land use and land cover 
studies should be dealt with care. Land cover is intrinsically connected to the structural and 
functional balances of local ecosystems. Land use and land cover change (LULCC) is a 
major factor in sustainable development and human response to global change. LULCC 
plays a pivotal role in global environmental change and contributes significantly to earth-
atmosphere interactions and biodiversity loss. The spatial distribution of the land cover is 
strongly related to climatic conditions. Vegetation as main factor of land cover is a very 
sensitive part of the ecosystem for climate change. Both the growing season and the total 
amount of vegetation, together called the vegetation dynamics, are strongly affected by 
climatic changes. 
 
The ecosystem of HP is experiencing a rapid change due to human impacts. Because of 
environmental changes, land use and land cover changes are very rapid, and therefore, 
there is a need for an inventory of past and present knowledge on land use and land cover in 
the HP. There is a lack of information on land use and land cover in HP, which is the key 
factor for sustainable land use management and development. The availability of land use 
and land cover information allows decision-makers to develop short and long-term plans for 
conservation, sustainable use and development of natural resources. Spatial land use 
information often does not exist, whereas land cover information is mostly present in the 
form of maps derived from remotely sensed data. The latter could provide a basis for 
obtaining land use and land cover information but currently there is no comprehensive 
methodology to obtain such information in a standardised manner. Remotely sensed satellite 
imagery provides a source of reliable data for land use and land cover study. The increased 
availability and low-cost satellite imaging technology has made its use very practical for 
studying land use and land cover in large areas. Methodologies using wide and medium 
resolution satellite data are being developed for land cover discrimination and mapping at 
regional scale. However, in HP, with its wide variety of land cover types due to the diversity 
in landforms and variability in rainfall, a case study was carried out to try and develop an 
innovative methodology to obtain the dominant land cover types from satellite data. 
 
The primary goal of the study is to understand the land use and land cover pattern of HP 
with the main objective to develop a standard methodology to understand and explain the 
pattern of land cover characterisation using satellite images at regional scale. 
 
6.2 Materials and Methodology 
 
6.2.1 Data Source 
 
As mentioned above, the main source of data for land use and land cover mapping of HP is 
satellite data. For this, the study used the Indian Remote Sensing satellite series 1D (IRS 
1D) Linear Imaging and Self Scanning Sensor (LISS3) of multiple dates from 1999 to 2000. 
The IRS1D LISS3 satellite image contains four bands (Blue, Green, Red, Near-Infra Red) 
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with spatial resolution of 24 metres. The detail of the acquired IRS1D LISS3 images for the 
study is given below in Table 6.1. 
 
Table 6.1: Details of Acquired IRS1D-LISS3 Image for HP 
S.No. Path Row Date 
1 094 047 19 October, 1999 
2 095 047 19 September, 1999 
3 094 048 19 October, 2001 
4 095 048 06 October, 2000 
5 096 048 03 October, 2001 
6 095 049 06 October, 2000 
7 096 049 03 October, 2000 

 
The study, also, compiled other basic spatial layers, such as administrative boundary, 
contours, settlements, rivers, etc. The Digital Elevation Model (DEM), generated from 
contours, was another important data source which was explicitly used in the study. 
 
6.2.2 Digital Image Processing 
 
6.2.2.1 Geo-referencing 
 
The study acquired 7 scenes of the IRS1D-LISS3 satellite data covering the whole HP. Each 
of these scenes were rectified and geometrically corrected using ground control points 
(GCPs) from the digital topographic map published by National Imagery and Mapping 
Agency (NIMA) during January 1996 and Defense Mapping Agency (DMA) of the U.S. 
Government at the scale of 1:500,000. Same locations were identified on the maps and the 
images, and then registered using Erdas Imagine 8.5 software. Overall Root Mean Square 
error (RMS) was limited within a pixel. The images were projected into Albers Conical Equal 
Area with WGS84 spheroid and datum. After geo-referencing, all the images were combined 
(mosaic) into a single image as shown in Map 10. 
 
Following projection parameters were used for HP: 
 

Projection:  Albers Equal Area 
Conic 
Spheroid:   WGS84 
Datum:   WGS84 
Latitude 1st Parallel: 20 00 00 N 
Latitude 2nd Parallel: 35 00 00 N 
Central Meridian: 82 30 00 N 
Central Parallel: 0 N 
False Easting:  0.00000 
False Northing:  0.00000 

 
6.2.2.2 Classification of Image 
 
The image was classified using both supervised and unsupervised classification techniques, 
and also with a combination of supervised and unsupervised approaches. Supervised 
techniques alone were verified to be inadequate for a number of reasons, for instance, 
extreme forest complexity, narrow cover type spectral separability, and limited potential for 
automated processing. Hence, the image was first classified using unsupervised 
classification (ISODATA clustering) technique defining about 30 classes (Figure 6.1). Each 
of the resulting classes were visually and spectrally evaluated to name them. All the classes 
were named in order to develop target classes. The main problem with the ISODATA 
clustering is that it requires a lot of parameter values to be supplied by the user. Hence, the 
performance of this algorithm is very much dependent on the parameter values, and the 
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method used for identifying cluster in the data. Therefore, the resultant classes from 
ISODATA clustering and the corresponding pixels in the original image were evaluated 
carefully, i.e. visually and spectrally, and based on this, more than 250 training samples 
(AOIs) for different target classes were created from the original image. The image was then 
classified based on these generated training samples using the maximum possible 
supervised classification method, resulting 21 general land cover classes (Figure 6.2).  
 

6.2.3 Ground Survey 
 
A ground survey of randomly sampled areas was carried out to verify and improve the 
classification. The sample areas were randomly selected based on Area Frame Sampling 
(AFS) method, which included several processes as described below. 
 
6.2.3.1 Sample Design 
 
A frame of the study area (HP) was designed by identifying the minimum and maximum X, Y 
coordinates to determine the extent of the study area. Then the coordinates of each point, in 
both X and Y directions, at an interval of 10km (the size of the block) were calculated using 
the UTM coordinate system. A spatial layer of the square frame was generated using these 
coordinates (Figure 6.3). The size of the segments was determined to be 1 km by 1 km, and, 
therefore, each block was again subdivided into 1 km by 1 km cells; i.e., each square block 
contained 100 segments. The segments (points) associated with each square block were 
assigned a unique code from 1 to 100 in each square block as shown in Figure 6.4. 

Figure 6.1: Unsupervised (ISODATA) Classification Figure 6.2: Supervised Classification 
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6.2.3.2 Stratification 
 
An existing land-use map was very useful for stratifying the area. Five main strata were 
defined (Figure 6.5) based on the intensity and importance for ground survey, as given in 
Table 6.2. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.4: Segments (1km x 1km) in a square 
block (10km x 10km)

Figure 6.3: 10km x 10km Square Frame of HP  

Figure 6.5: Stratified map  



 52

Table 6.2: Intensity of Stratums  
 

 
 
 
 
 

 
 
6.2.3.3 Selection of Possible Segments 
 
After the square grid has been defined, the most practical method for locating or selecting 
sample segments was to locate the maximum number of segments (depending upon the 
chosen maximum sample rate) that could be in any strata. Later some of them were 
discarded due to other specific reasons, e.g., lower sampling rate for a stratum, the segment 
which was falling on the border of the region with less than 50% of its area inside the region, 
etc... A systematic aligned sampling method with a 3km. distance threshold was applied for 
random selection of the segments. These segments were referred as possible segments 
(Figure 6.6). So, the whole segment selection procedure consisted of selecting possible 
segments and then selecting final segments. 
 
The possible segments were overlaid on the 
stratification map, and it was observed that few 
segments were overlapped on the strata boundary. 
When a segment straddles the stratum boundary 
and is shared by two strata, there are at least three 
alternative ways of coping with this kind of situation 
(Gallego 1995): (1) assigning the segment to the 
stratum with which it most overlaps; (2) splitting 
border segments into pieces that belong to 
different strata; and (3) keeping only the largest 
piece of the segment in one stratum and discarding 
all other pieces. 
 
According to Gallego, the first alternative is the 
easiest to manage, but may introduce some bias. 
The second alternative seems to keep the largest 
amount of information and might prove to be the 
best in future, but tests have not given convincing 
results. The third alternative gives the best 
practical results, although it is not supported by 
solid theoretical background, and this still needs 
to be developed. So, considering the importance of the largest amount of information, the 
first alternative was selected in this study.  
 
6.2.3.4 Selection of Final Segments 
 
After dealing with the straddle boundaries and overlapping of segments in two strata, next 
step was to select final segments for the ground survey by defining a sampling rate for each 
stratum. The sample rates can only be equal or less than the maximum sample rate. In this 
study, the maximum sample rate was 5/100 = 5% (100 segments in a block and 5 of them 
chosen as possible segments). The sample rates for each stratum were chosen depending 
upon the intensity and importance for ground survey. In this study, the grass/scrub land, 
unclassified forest, and agriculture area was given high importance, and, therefore, the 
highest sample rate 4%, was chosen; i.e. a maximum of 4 segments per block. So, out of the 

Strata Intensity 
Grass/Scrub land 
Reserved forest 
Protected forest 
Agriculture land 
Unproductive/Other land 

High  
Medium  
High 
High 
Low 

Figure 6.6: Possible segments 
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possible segments, 4 segments were randomly selected in a block for these areas. Similarly, 
the sample rates 3%, and 2%, were chosen for reserved forest and unproductive/other 
areas, respectively. Subsequently the segments were randomly selected for each stratum 
and replicated in each block and these resultants were noted as the final segments for the 
ground survey. 
 
6.2.3.5 Creation of Sample Map 
 
The false color composite of IRS1D-LISS3 image, and the 1:50,000 scale topographic map 
were used to create sample maps (Figure 6.7). The result of the supervised classification 
and the NDVI map derived from the original image were, also, printed for each plots for 
reference to be used during the field work. The sample of a sample plot, and supervised 
classification and NDVI map of a plot are depicted in Figure 6.8, 6.9, 6.10, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.8: The sample of an enlarged plot from IRS1D-LISS3 image 

Figure 6.7: The use of satellite image and topographic map to create sample maps 
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6.2.3.6 Ground Survey 
 
Field work was carried out in some of the segments to produce an accurate land cover map. 
The most difficult part during the field work was to find the exact location of a segment. The 

Figure 6.9: The sample of supervised classification map of a plot 

Figure 6.10: The sample of a NDVI map of a plot 
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relevant landmarks shown on the map and the topographic maps were used to locate a 
segment, however, in all cases, GPS was used to find and verify the exact location of all 
segments. The field boundaries depicting different land cover type were drawn on tracing 
paper and the land cover codes for each polygon were indicated on the tracing paper. 
Features such as roads, rivers, and streams were also indicated wherever possible. 
 
6.2.4 Post Processing 
 
The ground survey information and knowledge were carefully evaluated against the 
supervised classification result and few spectral confusions were noticed between some 
features, for instance – dense forest with features within shaded area, sand and gravel with 
non-irrigated agriculture land, etc. The knowledge and information obtained from the field 
visit was very much useful and thus, the post-processing of the classified (supervise) image 
was carried out to improve and refine the classification. Masking of some of the features, 
e.g. river, lake, was done, wherever required.  
 
6.3 Results and Discussions 
 
The geographical area of HP is 55,530 sq.km, based on the scale of the spatial data used in 
this study. The resultant generalized land cover map of HP is given in Map 13. The spatial 
distribution of different land cover types is given in Table 6.3 below. According to the derived 
result, the forest area is the largest single category, 32% of the total area, in the state. 
 
Table 6.3: Spatial Distribution of Land Cover Classes  
Class Area_SqKm Percent 
Forest 17768.68 32 
Agriculture 7828.28 14 
Grass/Shrub 9293.94 17 
Rocks/Non-vegetation 14364.99 26 
Snow/Clouds 3807.15 7 
Glaciers 1985.60 4 
Water body 481.59 1 

 101
Total 55530.23 100.00

 
The elevation of the state, as shown in Map 4, varies from relatively flat area in the south-
western part to very high elevation (8268m) towards north and north-east part of the state. 
This shows that the state is very much diverse in terms of climatic variations and thus, 
different elevation zones have their own land use and land cover adaptations. Hence, Digital 
Elevation Model (DEM) was used to analyse the majority or dominant land cover types by 
different elevation zones in the state. First, DEM was reclassified into six zones as shown in 
Table 6.4. It is observed that forest is the main dominant land cover type up to 3250m 
elevation, and above 3250m, the land cover is very unproductive and is normally covered 
with snow, rocks (non-vegetation class)(Figure 6.11). 
 
Table 6.4: Reclassified Elevation Zones 

Class DEM (metre) 
1 0 - 1250 
2 1250 – 1750 
3 1750 – 2750 
4 2750 – 3250 
5 3250 – 4500 
6 > 4500 
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Global climate change and its possible effects on natural and agricultural ecosystems are of 
global concern. The vulnerability of these ecosystems depends both on the direction and 
magnitude of the predicted climate change and the use of lands. Since land use and land 
cover is a key factor to this issue, the land cover data was used to examine the ecosystem 
stability through out the state. A plot of size 500 X 500 square meters was defined for this 
purpose. 
 
The ecosystem stability scenario in the state is depicted in Map 14. The result, as shown in 
Table 6.5, shows that maximum 7 different types of land cover classes are found within a 
plot of size 500m x 500m, which actually indicates the instability of the ecosystem within a 
plot. However, 28% and 52% area of the state are in best and medium condition, 
respectively, in terms of ecosystem stability, and 20% of the area is under unstable 
ecosystem, where, above 5 types of land cover classes are found within a single plot. 
 
Table 6.5: Areas Under Variety of Land Cover Classes within a 500m x 500m size plot 

S.No. Area (Sq.Km.) Percent 
1 5263.13 9 
2 10622.14 19 
3 12590.13 22 
4 16825.34 30 
5 8556.62 15 
6 1992.98 4 
7 151.67 0 

 
It is, also, noticed that the main reason of instability of ecosystems in these areas are due to 
different agricultural activities in the hilly areas (Figure 6.12). 

Figure 6.11: Majority Land Cover Type by Elevation Zones 
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Figure 6.12: Ecosystem instability within agriculture lands 

 
The HP state is characterised by different types of forest at different altitudes. Therefore, 
further detailed land cover classification was done to discriminate different types of forest 
characterised by altitudinal zones. The detailed land cover map with detailed forest 
discrimination and their spatial distribution are depicted in Map 15 and Table 6.6, 
respectively. 
 
Table 6.6: Spatial distribution of detailed land cover types 
 
Value Class Count Area (In sq.km.) Percent 

1 Lower Tropical Forest 79016 49.4 0.1
2 Upper Tropical Forest 6166548 3854.1 7.1
3 Lower Sub-tropical Forest 2686608 1679.1 3.1
4 Upper Sub-tropical Forest 2319332 1449.6 2.7
5 Temperate Conifer Forest - Deodar, Fir 1921744 1201.1 2.2
6 Temperate Conifer Forest - Blue Pines 4145968 2591.2 4.8
7 Temperate Mixed Forest - Mixed Bluepine-Oak, Kharsu Oak 3522316 2201.4 4.0
8 Lower Sub-alpine Forest -Fir Forest with Oak and Rhodendron 2244268 1402.7 2.6
9 Upper Sub-alpine Forest - Birch Bluepine Open Forest 1462916 914.3 1.7

10 Alpine Forest - Alpine Meadows, Dry Alpine Vegetation 3857428 2410.9 4.4
11 Agriculture Cultivated Lands 11467705 7167.3 13.2
12 Grass and Shrub Lands 14616783 9135.5 16.8
13 Rocks/Non-Vegetation 22735509 14209.7 26.1
14 Snow/Clouds 6087212 3804.5 7.0
15 Glaciers 3018084 1886.3 3.5
16 Water Body 731304 457.1 0.8
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CHAPTER 7:  LAND SUITABILITY ANALYSIS FOR AGRICULTURAL 
CROPS 

 
 
7.1 Background 
 
Land suitability analysis is a prerequisite for sustainable agricultural crop production. Crops 
grow best in locations where the environmental conditions meet their growth requirements. 
Soil pH, soil drainage, soil texture, and many climatic factors that affect crop growth, help in 
determining the best location for the plant’s growth. Land suitability is the ability of a given 
type of land to support a defined use. The process of land suitability classification is the 
evaluation and grouping of specific areas of land in terms of their suitability for a defined use. 
The main objective of the land evaluation is the prediction of the inherent capacity of a land 
unit to support a specific land use for a long period of time without deterioration, in order to 
minimise the socio-economic and environmental costs (de la Rosa 2000). Land suitability 
analysis is an interdisciplinary approach by including the information from different domains 
like soil science, crop science, meteorology, social science, economics and management.  
 
GIS is a tool for input, storage and retrieval, manipulation and analysis, and output of spatial 
data (Marble et al. 1984). The ultimate aim of GIS is to provide support for spatial decision-
making processes (Foote and Lynch 1996). Considerable effort is involved in the collection 
of information for suitability analysis for crop production. The information should include 
factors related both to opportunities and to constraints (Ghafari et al. 2000). GIS can be used 
to perform numerous tasks utilising both spatial and attribute data stored in it. It can be used 
to integrate a variety of geographic technologies like GPS and remote sensing.  
 
7.2 Methodology 
 
The growth of any crop depends on various bio-physical parameters, and the value of 
parameters varies from season to season. In this study, precipitation, temperature, elevation, 
soil, and land use types are used in identifying suitable areas for major vegetable and cereal 
crops in HP during different season. Wheat, rice, maize, and barley are the major cereal 
crops in HP, whereas potato, tomato, cauliflower, cabbage, peas, ginger, garlic, onion, and 
french bean, are the major vegetable crops. The variables and the parameters, for both 
cereal and vegetable crops, received from the local experts and the FAO standard 
parameters are used in this study, as given in Table 7.1 and 7.2, respectively. 
 
Table 7.1: Parameters for Cereal Crops  

Temperature (oC) 
 

Crop Season/ 
Month 

Elevation 
(m) 

Rainfall 
(mm) 

Optimum 
(Mean) 

Max Min 

Soil Land Use 

Nov-May 
 

Apr-Oct 

240 – 2500 
 

2500 – 3300 

750 - 900 15 - 25 35 4 Wheat 

 Above 4000 0 <=15   

Clay loam or 
loam texture 

neutral in 
reaction 

Cultivated 
land 

Rice Jun - Oct 240 – 2300 
 

1000 - 
1700 

20 - 30 40 10 Clay or clay 
loams best 

Cultivated 
land 

Maize Jun - Sep 240 – 3000 
 

600 - 1200 18 - 33 
 

35 15 Clay loam, 
Sandy loam 

Cultivated 
land 

Barley Nov – May 
 
Apr - Oct 

240 – 2500 
 

2500 – 3500 

500 - 1000 15 – 25 
 

35 4 

  Above 4000 0 <=15   

Clay loam, 
Sandy loam 

 

Cultivated 
land 
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Table 7.2: Parameters for Vegetable Crops 

Elevation/Season Temperature (oC) 
 

Crop Elevation 
Range 
(m) Elevation Season 

Rainfall 
(mm) 

Opt. 
(Mean) 

Max Min 

Soil Land 
Use 

>2700 Summer 
(April/May-
Sep/Oct) 

1500 –  
2700 

Summer 
(April/May-
Sep/Oct) 

1000 –  
1500 
 

Spring-summer 
(Jan-May) 
Autumn –winter 
(Sep-Dec) 

Potato 
 
 
 
 
 
 
 

240 – 
4000 
 

<1000 Spring-summer 
(Jan-May); 
Autumn –winter 
(Sep-Dec) 

>500 
 
 

15 - 25 
 

10 28 Sandy 
loam 
to 
loam 
 

Cultivated 

>2700 Summer 
(April-Oct) 

1500 – 
 2700 

Summer 
(April-Oct) 

1000 –  
1500 
 

Summer 
(March-July) 
Summer-
rainy(April/May-
Sep/Oct) 

Tomato 
 
 
 
 
 
 
 

0 – 3000 
 

<1000 Spring-
Summer(Feb-
May) ; 
Rainy(June/July-
Sep/Oct) 
Autumn-
winter(Aug/Sep-
Oct/Nov) 

400 – 
1300 
 
 
 

18 -27 
 
(Best 
25) 
 

10 30 Loam 
 

Cultivated 

>2700 Summer 
(April/May-
Sep/Oct) 

1500 –  
2700 

Summer 
(April/May-
Sep/Oct) 

1000 –  
1500 
 

Spring(march-
May) 
Rainy(May-Aug) 
Autumn(Sep-
Dec) 
Winter(oct-feb) 

Cauliflower 
 
 
 
 
 
 
 

0 – 4000 
 

<1000 Rainy(May-Aug) 
Autumn(Sep-
Dec) 
Winter(Nov-feb) 

600 – 
1100 
 
 
 

10 - 25 
 

0 35 Loam, 
Clay 
loam, 
Silt 
loam 
 

Cultivated 

>2700 Summer 
(May-Aug/sep) 

1500 –  
2700 

Summer 
(May-Aug/sep) 

1000 –  
1500 
 

Spring(march-
May) 
Rainy(May-Aug) 
Autumn(Sep-
Dec) 
Winter(oct-feb) 

Cabbage 
 
 
 
 
 
 
 

0 – 4000 
 

<1000 Autumn(Sep-
Dec) 
Winter(Nov-feb) 

500 – 
1000 

15 -24 
 

0 25 Loam, 
Clay 
loam, 
Silt 
loam 

Cultivated 
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>2700 Summer 
(April/May-
Sep/oct) 

1500 – 
 2700 

Summer 
(April/May-
Sep/oct) 

1000 –  
1500 
 

Autumn –
Winter(sep-Dec) 
Winter-
Spring(Nov-
march/April) 

Peas 
 
 
 
 
 
 
 

0 – 4000 
 

<1000 Autumn –
Winter(Sep-
Dec) 
Winter-
spring(Nov-
March) 

800 – 
1200 

10 -24 
 

5 22 Loam, 
Clay 
loam, 
Silt 
loam 

Cultivated 
 
 
 
 
 
 
 
 
 
 

>2700 - 
 

1500 –  
2700 

- 
 

1000 –  
1500 
 

Summer 
(April-Dec) 

Ginger 
 
 
 
 
 
 
 

0 – 1000 
 
 
 
 
 

<1000 Summer 
(April-Dec) 

1400 – 
3000 
 
 
 
 
 
 

19 - 29 
 
 
 
 

0 
 
 
 
 

35 
 
 
 
 

Loam, 
Clay 
loam, 
Silt 
loam 
 
 

Cultivated 
 
 
 

>2700 Summer  
(May-Sep) 

1500 –  
2700 

Summer 
(May-Sep) 

1000 –  
1500 
 

Winter 
(Oct-May) 
 

Garlic 
 
 
 
 
 
 
 

0 – 1500 
 

<1000 Winter 
(Oct-May) 
  

750 – 
1600 

18 - 30 
 

5 25 Loam, 
Clay 
loam, 
Silt 
loam 

Cultivated 

>2700 Summer 
(April/May-Oct) 

1500 –  
2700 

Summer 
(April/may-Oct) 

1000 –  
1500 
 

Winter 
(Dec-May) 

Onion 
 
 
 
 
 
 
 

0 – 3000 
 

<1000 Rainy(July-Dec); 
Winter(Dec-
May) 

350 – 
600 

12 -25 
 

10 30 Loam, 
Clay 
loam, 
Silt 
loam 

Cultivated 

>2700 Summer(April-
Sep) 

1500 –  
2700 

Summer(April-
Sep) 
 

1000 –  
1500 
 

Spring-Summer 
(March-May) 
Rainy(June-
Sep) 

French  
Bean 
 
 
 
 
 
 
 

0 – 3000 
 

<1000 Spring-summer 
(feb-may) 
Autumn-Winter 
(Aug/Sep-Nov) 

500 – 
2000 

16 - 25 
 

13 32 Loam, 
Clay 
loam, 
Silt 
loam 

Cultivated 
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7.3 Results and Discussions 
 
The monsoonal climate of HP has two distinct wet and dry seasons. However, HP has some 
unique growing climate for different crops available at different times of the year. In general, 
in the lower parts of HP (< 4000m) the two (April to October; November to May) distinct 
growing seasons (wet and dry) are visible. However, above 4000m only one season 
(November to May) is suitable for growing crops because for rest part of the year the area 
remains snow bound.  Thus, in the present study, crop suitability analysis (potential areas for 
growing crops) is given for two elevations. In addition, some of the crops are short duration 
crops and hence many crops can be grown in a year depending upon the elevation. Hence 
the potential areas for growing these crops are provided both elevation wise and season 
wise. 
 
Based on the criteria given in Table 7.1 and 7.2, the land suitability for growing various 
cereal and vegetable crops in the state are presented in Maps 16 to 28. These are not the 
current actual growing areas but are potential areas where these crops can be potentially 
grown. 
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CHAPTER 8: FOOD SECURITY ANALYSIS 
 
 
8.1 Background 
 
Satellite imagery can provide valuable information about the earth’s surface. The normalised 
difference vegetation index (NDVI) (Tucker, 1979) is a well known satellite derived measure 
which is directly related to the percentage ground cover, the herbaceous or total green 
biomass, the leaf area index, and the photosynthetic activity of the vegetation. The NDVI is 
based on the reflective properties of vegetation.  
 
Vegetation is known to have a low reflectance in the red part (0.6-0.7 μm) of the electro-
magnetic spectrum and very high reflectance in the near infra red (0.7-1.1 μm) part. Bare soil 
however reflects moderately in both the red and the near infra red part of the spectrum. 
Therefore, the bigger the difference between the near infrared and the red reflectance, the 
more vegetation is probable.. 
  
The NDVI subtracts the red reflectance values from the NIR, and then divides it through the 
sum of both values - 
 
  NDVI= (NIR - RED) / (NIR + RED)  
  
The sum of the near infrared and the red reflectance indicates the total brightness 
(“intensity”) of the image. By dividing through this sum it is avoided that differences due to 
overall brightness of sunlight or of surfaces (e.g. shadows) strongly influence the image. This 
procedure is called “normalisation”. 
  
Theoretically values can range from –1 to +1. Actually measured NDVI values however 
range from negative values (water) through zero (bare soil) to +0.6 (dense green 
vegetation). Due to spectral variation of soil at low vegetation cover, vegetation of different 
areas/soils can be systematically compared for NDVI values higher than 0.05-0.06.  
  
Figure 8.1 shows the reflective properties of different land covers.  Healthy green vegetation 
has a spectral reflectance that is quite different from e.g. dry soil, clear water or snow. We 
observe that green vegetation has a low reflectance in the visible portion of the spectrum. 
This occurs because chlorophyll strongly absorbs energy in the wavelengths centred about 
0.45 and 0.67 micro meter. We also notice that the reflectance from healthy green 
vegetation increases dramatically as we reach the near infrared portion of the spectrum.  
The reflectance on the near infrared plateau varies with vegetation type, water content, and 
canopy architecture.  In contrast, bare soil has approximately the same reflectance in both 
the visible and near-infrared portion of the spectrum. The reflectance characteristics in the 
visible and the near infrared bands have been used to monitor vegetation with multispectral 
remote sensing images.  
 
Indirectly the vegetation index as the indicator of green vegetation has been used to 
estimate the cumulative effective rainfall over a certain period, rangeland carrying capacity, 
the crop yields for different crop types and the quality of the environment as habitat for 
various animals, pests and diseases. Often it is not directly the value of a single image which 
is used as an indicator, but a value (“NDVI parameter”) representing selected characteristics 
of a time series. 
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Figure 8.1: Spectral properties of different types of land cover 
 
 
8.2 Methodology 
 
In the case of HP a time series of NDVI imagery was analysed. To start with, firstly, the 
average annual greening pattern was analysed for the entire state. Secondly, for each 
district an average NDVI pattern per land use class was extracted and interpreted, and 
finally the use of NDVI time series for food security early warning was assessed. 
 
The NDVI dataset (189 images) used covers the period of April 1998 until June 2003 and 
was derived from the SPOT-4 and SPOT-5 vegetation (VEGETATION) instruments and 
comprised 10-day composites. From April 1998 until January 2003 the VGT1 sensor aboard 
the SPOT4 satellite has been used and from February 2003 the VGT2 sensor aboard the 
SPOT5 satellite has been used.  Both sensors have the same spectral and spatial 
resolution. The red spectral band (0.61 - 0.68 μm) and the near infrared spectral band (0.78 
- 0.89 μm) have been used to calculate the NDVI and the imagery has a spatial resolution of 
1 km. The synthesised pre-processed S10 NDVI product has also been used, which is a 
geometrically and radiometrically corrected 10 day composite image. The periods were then 
defined according to the legal calendar; from 1st to 10th, from 11th to 20th, from 21st to the 
end of each month. 
 
The processing encompasses the extraction of the region of interest, format conversion, 
calculation of NDVI values from digital numbers, and the application of a simple cloud 
correction algorithm. The region of interest was extracted using the CROP-VGT software, 
and the format was converted in ArcView GIS. The NDVI was calculated from 8-bit digital 
numbers (DN) to NDVI values between 0 and 1 according to the following specified equation 

 
NDVI = -0.1 + 0.004 X DN 

 
Clouded pixels in the image that needed correction were linearly interpolated using the 
preceding and subsequent image. The algorithm was then applied to cloud free preceding 
and subsequent image pixels..  
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Dekadal1 averages, based on either 5 or 6 years, were calculated in ArcView, which resulted 
in one annual average NDVI pattern captured in 36 images.  Based on the 36 images 12 
monthly averages were calculated to study the annual greening pattern. 
 
Using a land use map and 36 dekadal averages, an NDVI time series was extracted for two 
example districts; for one district the NDVI series was extracted for the main land use types. 
The results were compared and interpreted. 
 
 
8.3 Results 
 
Figure 8.2 shows the annual greening pattern of HP. The 12 monthly images give a clear 
overview of the annual phenological cycle in the state. There is an increasing NDVI gradient 
from the north-eastern to the south-western districts; the peak of the NDVI pattern falls within 
the month of September. There is a large difference between NDVI patterns across the 
state. The mountainous part in the north (Lahaul-Spiti district) has very low NDVI values 
throughout the year and has a permanent snow cover for prolonged periods resulting in 
negative NDVI values. The south-western part of the state (Kangra district) has NDVI values 
varying from 0.3 in January to as high as 0.75 in September. The south-western area also 
clearly shows a dual growing season; there is a peak NDVI pattern in March and another 
more distinct peak in September. Annual NDVI patterns can also be used to establish the 
length of the growing season, which is an important input in many agro-meteorological 
models (Groten and Ocatre, 2002).  

                                                      
1 Defined as agro-meteorological period of 10 days 
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Figure 8.2: Annual greening pattern Himachal Pradesh
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Figure 8.3 shows the annual average NDVI pattern for Kinnaur district in the eastern part of 
the state. Some part of this district is mountainous, and part of it is cultivated and forested 
due to which the standard deviations are quite high. The maximum NDVI is around 
September, over 0.2, which is quite low. The growing season starts from mid February and 
ends around September when the NDVI increments turn negative again. 
 

 
Figure 8.3: Annual average NDVI pattern for Kinnaur district 
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Figure 8.4 shows the annual average NDVI pattern for Mandi district which is located in the 
centre of the state with no snow-capped mountains and has a relatively large area under 
cropping . This results in relative high values throughout the year ranging from 0.4 in 
January to nearly 0.7 in September. NDVI values start increasing from February onwards 
indicating a longer growing season than for example Kinnaur district. There is also a 
considerable area with a double cropping land use pattern, however this is not clearly visible 
in Figure 8.4, because it is based on an average for all land uses in the district. 
 

 
Figure 8.4: Annual average NDVI pattern for Mandi district 
 
 
Figure 8.5 shows the average NDVI curves per land use for Kangra district. Kangra is 
located in the south-western part of the country and also has relative high NDVI values 
throughout the year. On average the NDVI values for this district ranges from 0.3 in January 
to about 0.6 in September. The double crop land use curve clearly shows two peaks; one in 
March and one in September, which relates to two harvests annually. The evergreen forest 
curve shows one peak in October, and a smaller range between minimum and maximum 
NDVI which can be explained by lesser dependence on rainfall and a greater resilience of 
trees. The grassland curve shows a greater dependence on precipitation and large range 
between maximum and minimum NDVI. 
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Figure 8.5: Annual average NDVI curves per land use for Kangra district 
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CHAPTER 9:  DEVELOPMENT OF A DECISION SUPPORT SYSTEM 
 
 
9.1 Introduction 
 
Decision support systems (DSS) use geographical information systems (GIS) to combine 
technical expertise and resource information including soil, water, infrastructure, data 
analysis, and provincial guidelines into decision support tools that local governments can 
use to make informed decisions regarding agricultural development. These tools allow 
decision makers to evaluate potential impacts from a variety of development opportunities 
and illustrate options in a map format. Results from DSS include the development of 
resource databases, data analysis and a preliminary planning framework needed for local 
agricultural and rural development; the enhanced capacity of local decision makers to use 
resource information to make sustainable land use decisions; and the promotion of a stable 
diversified rural economy.  
 
In this regard, a customised programme – called Landuse Analyst, has been developed. It 
is programmed to use Avenue language in ArcView GIS environment and can be used to 
display and analyse agricultural information. It contains several modules and some of the 
modules are discussed below with practical examples to give an idea about its functions and 
capabilities. 
 
9.2 Agricultural Resource Identification (ARI) 
 
The Agricultural Resource Identification (ARI) module is the simplest application module 
under Landuse Analyst that allows users to interact with crop, livestock and human 
population database and extract the information related to basic agricultural resources such 
as crop production, crop area, crop yield, livestock number, human population, etc. With the 
help of this module, the user can visualise the above information for any selected area on 
the map (and for any given year) in the form of textual summary and/or the map.  
 
As an example, suppose a user wants to find out total potato production in HP in 1999, by 
using this module and selecting Potato as the crop and 1999 as the year, the user can easily 
get the result as shown in the Figure 9.1: 
 

 
 
Figure 9.1: Summary statistics resource identification 
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It is clear from the summary statistics dialog box above that the total potato production of HP 
in the year 1999 was 182,543 metric tons and 14,372 hectares of land was used for growing 
potato. Likewise, the map output shows the districts of HP classified into three groups 
(Figure 9.2) based on their production, along with the production figure for each district. 
Clearly, Shimla has the highest potato production in the year 1999 viz. 60,755 metric tons. 
 
 

 
Figure 9.2: Classified map using ARI module 

 
Similarly the user can find out information like production, crop area, yield, etc. of any crop in 
any given year, provided the data for that crop exist in the crop database in that particular 
year. Similarly, the user can also find out information like livestock number, human 
population using this module. Since getting the map output using this module is very easy, it 
can be also used to generate trend outputs. As an example, wheat production map of HP for 
four consecutive years viz. 1996, 1997, 1998, 1999, was created by using ARI and it has 
been presented in Figure 9.3. 
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Figure 9.3: Trend map of wheat production using ARI module
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9.3 Niche Extrapolation 
 
There are two useful tools developed under Niche Extrapolator (NE) module of Land Use 
Analyst as described below: 
 
9.3.1 Niche Extrapolator using Sample Polygon 
 
Suppose a particular crop with high economic value is doing very good in a certain small 
area of HP and due to this, the farmers in that area are enjoying high income; it would be 
nice to replicate the success story in other areas of HP so that more farmers can improve 
their livelihood with the better income. For this, homologous areas within the whole state, 
having the same biophysical conditions as the small area, have to be identified. These 
homologous areas would then pose as the potentially good area for growing that stipulated 
crop. 
 
“Niche Extrapolator using sample polygon” is a tool developed to serve the above purpose. 
This tool first extracts the biophysical conditions of the small area and then uses these 
conditions as criteria to extrapolate the small area into the larger extent.  
For example, suppose a certain crop grows well in the border of Kangra, Kullu and Mandi 
districts as specified by a sample polygon shown in Figure 9.4 below, area with similar 
biophysical conditions where the same crop can be grown can be identified with the Niche 
extrapolator tool.  
 

 
Figure 9.4: Identification of reference production area 
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The growth of any crop depends on various biophysical parameters like precipitation, 
temperature, elevation, soil, etc. The parameters used in this example are Digital Elevation 
Model (DEM), Average Annual Precipitation, and Average Temperature layers of HP. 
 
Using the Niche Extrapolator (using Sample Polygon) tool, the suitable area map is obtained 
as shown in Figure 9.5 below: 
 
 

 
 
Figure 9.5: Suitable area based on sample production area 
 
The patches of suitable area, shown in the above map, depict the area, which has the same 
altitude, average precipitation and average temperature range as those in the sample 
polygon. These patches, therefore, are potentially suitable for growing the crop that had high 
yield in the sample polygon area. 
 
The sample polygon used in this example is a hypothetical area. This tool however can be 
used to extrapolate the area which has high crop yield in real. Moreover, in the real analysis, 
other important parameters, e.g. soil data, have to be incorporated for better results.  
 
9.3.1 Niche extrapolator using user defined criteria 
 
Sometimes planners/researchers are interested in finding the area suitable for growing 
certain crop. With the help of this Niche Extrapolator (using User Defined Condition) tool, 
they can easily find out such area given that they know the growing conditions of that crop. 
While using this tool, they have to specify a set of criteria range of various underlying 
parameter layers and based on those criteria the system will find a suitable area. 
 
For example, suppose one wants to find out the places where potato can be grown in HP. 
With the help of Crop Diversification module of Landuse Analyst, which uses FAO’s Eco-
Crop database (Table 9.1), the various growing conditions of potato can be found. 
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Table 9.1: Growing conditions for Potato (FAO) 
 

Altitude 400 – 2500 m 

Optimal Temperature 15 - 25 °C 

Optimal Soil Ph 5 – 6.2 
 
 
Using the spatial layers based on the above criteria in Niche Extrapolator, the suitable area 
for potato growing can obtained as shown in Figure 9.6 below: 
 
 

 
 
Figure 9.6: Suitable areas based on user defined criteria 
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CHAPTER 10: CONCLUSIONS AND RECOMMENDATIONS 
 
 
Mountains are often perceived as marginal, fragile and inaccessible areas having great 
diversity and unique resource endowment. Efficient planning focusing on poverty alleviation 
and resource management is of utmost importance for overcoming the limitations of 
mountain areas and promoting use of the diversified resources. Mountain agriculture is one 
area that needs special attention through improved management strategies that can be 
accrued from quality decisions and efficient policy planning. The present study is a big step 
in this direction and this aims to help as a quick accessible information base that would also 
upgrade the decision support system. 
 
With new technological tools, the old broad agro-ecological zones (AEZs) have been 
redefined into nine new AEZs which present a unique opportunity to plan priorities in 
mountain agriculture of HP, and it can also be made applicable to similar mountain areas in 
the region. 
 
A standard methodology has been developed for Land cover mapping and forest cover 
assessment. For this study, the land cover mapping of the state has been done using 
IRS1D-LISS3 image. This gives the scenario of land use and land cover pattern of the entire 
state at a regional scale. The derived information can be used for agricultural planning and 
management activities in the state. 
 
Land suitability analysis for major agricultural crops grown in HP was performed and 
potentially suitable areas for different crops have been delineated in the entire state. This 
analysis aims to help the policy planners and decision makers to fix priority areas for growing 
different crops. The analysis also provides alternative potential areas for growing crops if the 
current areas become unsuitable. 
 
In the study, it has been shown that NDVI time series can be used to monitor vegetation 
growth throughout the year. Its analysis can be used in deriving important inputs for agro-
ecological modelling. The near real-time availability of the imagery can be applied for food 
security early monitoring by comparing annual curves with long time averages. By detecting 
NDVI anomalies early in the growing season, mitigation measures could be taken to prevent 
crop losses. Apart from the food security analysis NDVI parameters could also be related to 
crop yields, rangeland production and above ground biomass production and future research 
on these topics could also be initiated as necessary.. Insight in the spatial distribution of crop 
yields can be of great importance in agricultural planning. Although the spatial resolution is 
quite low (1 km) the high temporal resolution of the imagery can be used in land use 
classification and land use change detection.  
 
With respect to developing a decision support system, a customised programme, Landuse 
Analyst, have been developed using Avenue language in ArcView GIS environment. The 
Agricultural Resource Identification (ARI) and Niche Extrapolation modules of this system 
are very useful and can be used to display and analyse agricultural information. 
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