




Foreword 
 
Agriculture planning for the mountain regions is difficult, and a number of methods to 
deal with the problems of extreme diversity of mountains have been developed, largely 
by default. One must recognize that the fundamental characteristics of mountain 
agriculture throughout the world is its extreme internal variability and complexity, with 
multiplicity of highly localized micro-ecosystems, providing habitats for many unique crop  
varieties, range pastures and animal species. This precious diversity of natural 
resources, now threatened by various factors like increased human interventions, 
climate change etc. is a key factor in the long term sustainability of mountain agriculture, 
often situated in the most difficult and fragile environments. 
 
The heterogeneous mountain environmental conditions of Himachal Pradesh create a 
wide range of production systems. These production systems provide large possibilities 
for sustainable agricultural development based on precise definition of agro-ecological 
zones of the state. The state of Himachal Pradesh was divided into four agro-ecological 
zones during early eighties. Major agricultural decision making was based on these four 
AEZs all along. Over the years, agriculture has diversified and information needs have 
multiplied tremendously. A need to redefine these AEZs based on large sets of relevant 
data/information was strongly felt. The niche based farming system for mountain 
agriculture has become highly relevant in the present context that may also be ultimately 
based on redefined AEZs. 
 
The study of redefining the existing agro ecological zones was taken up by the Centre 
for Geo-informatics Research and Training of CSKHPAU, Palampur, using latest spatial 
technologies like Geographical Information System (GIS) and Remote Sensing (RS). 
The study has delineated the state of Himachal Pradesh into nine agro-ecological 
situations based on altitude and rainfall. These zones represent the realistic area that 
can be designated as production domains for different crops and each of these zones 
has its own agricultural adaptations. Further, integration of comprehensive information 
related to climate parameters, topography, soils, terrain and land cover has supported 
the revisions and improvements in analysis procedures. This has expanded the scope of 
this study further to determine crop suitability, land productivity and evaluation of 
agricultural potentials of sub-tropical to temperate environments in Himachal Pradesh. 
It is anticipated that with the development of new agro-ecological zones, the niche based 
farming systems in the state will get a major boost. Further, the applicability of research 
results to locations with similar agro-ecological conditions will become more relevant and 
decision making will become easier. 
 
The redefined agro-ecological zones are intended to meet the needs of the development 
planners and extension agencies in the fields of agricultural planning and natural 
resource management. Its contents will be of major interest to the donor agency i.e. the 
Department of Agriculture, Himachal Pradesh, researchers, policy makers and students. 
 

I would like to congratulate the study team of the Centre for Geo-informatics 
Research and Training for completing this study in a highly professional and scientific 
manner.     
 

         D.S. Rathore (Ph.D.) 
       Vice Chancellor 

        CSK HPKV- Palampur 
         Himachal Pradesh 

(India)         



Preface 
 
First step in planning agricultural systems is a delineation of production domains also 
called agro ecological zonation. It is a method that uses biophysical attributes of the land 
such as elevation, climate, landuse, soils etc. to cluster land-use types into more 
homogeneous areas. This exercise facilitates planning for the sustainable use of natural 
resources.  
 
Agro ecological zoning was attempted at the national level by the ICAR under the 
National Agricultural Research Programme (NARP) and Himachal Pradesh was divided 
into four agro-climatic zones based mainly on the altitude. These agro-climatic zones 
offer an array of crop choices ranging from sub tropical crops to alpine grasses. Different 
areas/districts falling in the four agro-climatic zones have experienced different levels of 
agricultural development/constraints. The variations in 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. Due to several factors such as, 
increasing population, changing technology and improving infrastructure and global 
warming, there has been a resurgence of a feeling among the policy makers, scientists 
and the farmers to recarve out these zones and delineate niche based advantageous 
pockets. The need to do so has been further reinforced by the growing demand for off-
season crops, for products that are chemicals free and available throughout the year, etc. 
Also, in the old zoning exercise, while some of the areas were similar with respect to one 
parameter (say altitude), these were diametrically opposite with respect to another, say 
rainfall. There were huge variations within these zones that no single recommendation 
could be forwarded to the single zone. This certainly complicated the process of 
agricultural planning.  Again, these zones were found to be too large when seen in the 
light of niche based commercial farming.  
 
In the present study it has been made possible to discern such areas and keep them in 
different zones through the use of modern geo-information technologies like Geographic 
Information System (GIS) & Remote Sensing (RS). 
 

I am sure that this study would serve as a valuable resource for researchers and 
agricultural policy makers of the state of Himachal Pradesh. 
 
 
 

S.C. Sharma (Ph.D.) 
Director of Research 

CSK HPKV. Palampur 
Himachal Pradesh (India) 
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CHAPTER 1 
 

Agro-Ecological Zonation-- Background and Definition 
 
1.1 Background  
Himachal Pradesh is a mountain province in the Indian Himalayas, covering plain area of 

about fifty five thousand six hundred and seventy two sq. km. It is inhabited by 6.1 million 

people, of which over 92% rural population lives in over 17000 villages spread over the 

mountain landscape from low hills to high mountain areas. The state of Himachal 

Pradesh is situated between 30° 22’ 44” and 33° 12’ 40” N latitude, and 75° 45’55” to 

79°04’20” E longitude. Himachal Pradesh is a hilly state with a general increase in 

elevation from west to east and south to north ranging from 240 m to 7000 m. Its one-

third area remain snow covered for about seven months in a year.  As is common in the 

Himalayan region, human settlements are scattered but largely concentrated in the low 

and mid hill areas while highlands are sparsely populated.  The dominant features of hill 

farming in Himachal are largely rainfed farming on sloping marginal farmlands and small 

land holdings. 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 (Verma and Partap, 1992, Partap, 1996). 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 sound database. 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 desired application and the level of application. A first step towards 

planning agricultural system is the delineation of production domains also called agro 

ecological zonation. 

1.2 Definition and Need of Agro-ecological zones 

Agro ecological zoning (AEZ) is a methodology to separate areas with similar sets of 

potentials and constraints (homologous areas) for development. It is a method that uses 

biophysical attributes of the land such as elevation, climate, landuse, soils etc. to cluster 

land-use types into more homogeneous areas. This exercise facilitates planning for the 

sustainable use of natural resources. The application of AEZ is limited by the lack of geo-

spatial data, particularly in mountainous areas.  One of the most striking features of 

mountains is their spatial variability. This makes the planning of the use of natural 

resources in the mountains more complex than in any other area. A practical approach is 
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to subdivide the area of interest into smaller zones with similar biophysical attributes. 

This is the process defined as agro ecological zoning (AEZ). The AEZ method calls for 

the use of biophysical attributes of the land such as soil characteristics, physiography, 

climate, land use/land cover, and productivity (FAO, 1997,) as input for production 

models. This is further complicated by the fact that, due to spatial variability, the 

requirement for data is more demanding than for more spatially homogeneous areas.  

Importance of delineation of AEZ has also been outlined by other workers (Tapia and  

Rueda,1995) which state that the heterogeneity of the andean mountain environmental 

and cultural conditions which create a wide range of production systems - a first 

suggestion is to enhance the need of an appropriate, and easy to apply, agroecological 

zonation. With spatial and temporal information and GIS data on rainfall, topography, 

land use patterns, agro-ecological zonation of the region can be done (Regional Agro 

Ecological Zonation.-Objectives 144.16.93.203/energy/HC270799/Frames). Agro-

ecological zonation along an altitudinal gradient in the mountain belt has been carried out 

by Kapelle, Marta (1995) 

1.3 Previous Agro-ecological zones 
 Agricultural Planning has changed considerably during the past half a century in our 

country along a continuum from production augmenting specific area development 

programmes such as IADP, IAAP and HYVs to competition induced high- tech 

programmes encompassing such aspects as future trading, crop insurance and precision 

farming depending upon the needs of the particular time. 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, Himachal Pradesh is 

divided into four agro-climatic zones based mainly on the altitude (Fig 1.1). These zones 

are: i) Sub-Montane and Low Hills Sub-Tropical Zone II) Mid Hills Sub-Humid Zone III) 

High Hills Temperate Wet Zone and iv) High Hills Temperate Dry Zone 
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Figure 1.1:   Agro-Climatic Zones of Himachal Pradesh as prepared under National 

Agricultural Technology Project in early eighties 
These agro-climatic zones offer an array of crop choices ranging from sub tropical crops 

to alpine grasses. Different areas/districts falling in the four agro-climatic zones have 

experienced different levels of agricultural development. The variations in 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 rai’son detre 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.  
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CHAPTER 2 

Rationale and Objectives 
 

2.1 Rationale 
Of late, due to several factors such as, increasing population, changing technology and 

improving infrastructure and global warming, there has been a resurgence of a feeling 

among the policy makers, scientists and the farmers to re carve out the existing agro-

ecological zones and delineate niche based farming pockets. The need to do so has 

been further reinforced by the growing demand for off-season crops, for products that are 

chemical free and available throughout the year, etc. Also, in the old zoning exercise, 

while some of the areas were similar with respect to one parameter (say altitude), these 

were dissimilar with respect to another e.g. say rainfall. There were such wide variations 

within these zones that no single recommendation can be forwarded to a particular zone 

(Thakur, 2002). This certainly complicates the process of agricultural planning.  Again, 

these zones were found to be too large when seen in the light of niche based commercial 

farming. In the present study, an attempt has been made to make it possible to 

distinguish such places and keep them in different zones (Fig 5.50) 

2.2 Role of Geo-Information Technology 
It is an era of globalization 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 various issues. These decisions are 

based on the volume 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 times of resource scarcity it is difficult to have access to 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. The mountain environment poses special challenges to the 

conventional development planning process with the plain area approach. The 

biophysical and socio-economic nature of the mountains is characterized by extreme 

diversity. Also, the remoteness and marginality of most mountain areas have rendered 

them 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 
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of flatland eco-regions. The task, therefore, is to develop easily accessible database in 

digital form and derive mountain specific methodologies that can overcome the 

constraints of mountain diversity, marginality and specificities.  

This is possible through the use of modern information technologies like Geographic 

Information System (GIS) & remote sensing (RS). 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. With the 

incorporation of these new tools, AEZ can become a dynamic and more robust method. 
It was felt by the university authorities that the proposed work is appropriate and 

desirable to help in the agricultural planning process as well as for farmer’s decision 

making. This approach requires, however, that we develop mountain methodology for the 

classification of this diverse region into a comprehensive and logical set of similar 

production domains that is a step further from the well known four agro-ecological zones 

of the state.  

GIS also allows tabular climatic 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 allows users to see tabular information for any feature on 

any map by a simple press of a button on a computer. A GIS allows access to large 

amounts of information quickly and efficiently. Geographic Information Systems also 

allows to 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, which can produce maps based on themes 

such as elevation or climate or vegetation. Map features can be linked to corresponding 

information contained in database tables. Another advantage of GIS is that it is a 

dynamic rather than a static tool, allowing users to easily 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 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 

important for farm management and natural resource management. The GIS serves as 

an integrated platform for data gathering, analysis, storage, and product development. A 

GIS is a powerful tool for mapping, spatial data base management, spatial statistical 

analysis, and modeling. Many countries have begun to integrate GIS and remote sensing 

in their natural crop inventory statistics programs. It is also used as the basis for famine 



 6

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, the management of crop production, transportation to markets, crop insurance 

decisions, marketing commodity futures and delivery of data to agriculture consultants. 

The GIS is a kind of a decision support system framework. Data are input, stored and 

retrieved, manipulated and analyzed, and finally reported to the GIS user in spatial 

information products like maps, tables, or charts.  

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 agro-ecological zonation can be attempted too. 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). 

Human decision-makers were challenged to keep track of all relevant information for 

agricultural planning at once, to understand the interrelationships, and to correlate 

multiple data sources at single locations. This proved to be very difficult and time 

consuming. Today, advances have been made towards extraordinary digital systems for 

utilization in land-use planning, particularly defining Agro-ecological zones. GIS 

contributes to the speed and efficiency of the overall planning process.  

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 need 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. 

Modelling within a GIS offers a mechanism to integrate many scales of the data 

developed in and for agricultural research (Corbett, J.D., www.ncgia.ucsb.edu).
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An example of the clarity and creativity of the Geo-information technology can be seen 

from the previously developed four AEZs depicted in a GIS environment (Fig 2.1) 

 
 
Figure 2.1: AEZ prepared by National Agricultural Research Programme (NARP) 
depicted in a GIS environment 
 
 
With the incorporation of these new tools, new dynamic AEZ shall help in making need 

based, demand driven and location specific policies for better agricultural planning in the 

state.  
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2.3 Objectives 

To overcome the problems of agricultural planning in this mountainous state of Himachal 

Pradesh, it is the need of the time that biophysical information for smaller areas/ pockets/ 

niches is stored in a reproducible form for making need based, demand driven, location 

specific policies for better agricultural planning in the state. This is possible by 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.With this background, the 

present study aims at developing a computer based dynamic information system 

developed on a GIS platform, to delineate micro-detailed agro-ecological zones of 

Himachal Pradesh.  

The objectives of the study are: 

• To develop a database of information for planning productive agriculture 

development at micro scale (block/Tehsil level) in Himachal Pradesh 

• To analyse the scaled, geo-referenced data for spatially characterizing 

homologous areas (AEZ) of Himachal Pradesh under smaller administrative units. 

• To delineate the niche based farming system types based on scaled, geo-

referenced information and sustainable use of natural resources. 
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          CHAPTER 3 

Database Development and Methodology 
 

3.1 Database Development 
Districts in Himachal Pradesh broadly share similar biophysical, climatic and topographic 

characteristics which result in broadly similar farming systems. In order to address the 

complex problems of Himachal Pradesh, policies and programme 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, 

similar zones.  

It is important that the programmatic needs for information for sustainable agriculture in 

Himachal Pradesh must direct data collection. Unfortunately, issues associated with the 

use of GIS in mountain areas have received relatively limited attention in contrast to wide 

spread use in other plain 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 spatial 

and temporal scales requires great care, both in the choice of scales of data collection 

and storage and extrapolation from locations with high quality, long term data to data 

poor areas even on small distance intervals. 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. There are two 

methods of generating digital elevation model (DEM) – one through contour lines and the 

other through satellite data. One problem with using satellite data in mountain areas is 

the topographic effect resulting in variable illumination. Therefore, the process demands 

a DEM of high resolution capturing micro relief, which is difficult task in a data poor area 

of the mountain environment. In this study, DEM have been generated based on contour 

lines and spot heights digitized from the topographic maps of the area acquired from 

Survey of India. Typically, the objectives of GIS are to record base line information as 

given in Fig.3.1 and Table 3.1 
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Figure 3.1: GIS database development and spatial analysis 

 
   Table 3.1: Baseline GIS Database Layers 

Data Layer Description Map Scale 
/Resolution 

Source 

Topographic  
ELEVATION 
SPOT HEIGHTS 
 

 
Contour 40m interval 
Random, spatially 
spread over the 
whole state 

 
1:50,000 
25m 
 

 
Topographic map 
IRS1D-LISS3 

Biophysical 
LANDCOVER  
PRODUCTIVITY 
SOIL 
 

 
Land Cover Map   
Vegetation map 
Soil map 
 

 
(25m) 
 (1km) 
 

 
IRS1D-LISS3 
SPOT Vegetation 
(1998-2003) 
NBSS&LUP-Nagpur 
 

Administrative  
STATE BOUNDARY 
DISTRICT BOUNDARY 
TEHSIL BOUNDARY 
 

 
State boundary 
District boundary 
Tehsil boundary 
 

 
1:50,000 
 

 
Topographic Map, 
Survey of India 
 
 

Climate 
 

Weather Station 
Rainfall 
Temperature 

1:50,000 
 

Topographic Map,  
meteorological  
observatories 
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3.2 Methodology 

There are inherent limitations in compiling GIS datasets for a mountainous state like 

Himachal Pradesh. The difficulties are compounded by the limited data and information 

handling capability in the various organizations, and a lack of coordination and 

harmonization between different offices and activities. An attempt is made here to 

compile sufficient data and information from available sources in a satisfactory spatial 

framework to fulfill the basic information requirements for agro-ecological zonation 

(Figure 3.1). The methodology used to build GIS database, and to perform spatial 

analyses, is summarized in Figure 3.2. As far as possible, data were collected from 

secondary sources, bearing in mind the considerable resources required for the 

preparation of databases.  

 

 

  

Figure 3.2:   General Methodology for agro-ecological zonation 
 

 

 

Topography 
Contours 
Spot Heights 
DEM 
 

Climatic 
Weather stations 
Rainfall 
Temperature 

Administrative 
State Boundaries 
District Boundaries 
 

Bio-physical 
Landcover 
Productivity 
Soil 

Agro-ecological 
Zonation 
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CHAPTER 4  

Basic Spatial Profiles of Himachal Pradesh 
 

4.1 Introduction  
The application of GIS in the shape of spatial digital information system has proved to be 

a useful and effective tool in the frame of area-planning for agricultural development 

(Burrough, 1989; Baban and Luke, 2000).  In the mountain context, where the 

topography is complex and the areas highly inaccessible, the application of GIS is of 

great importance (Partap, 2003; Partap et al, 1990). In order to derive Agro-ecological 

zonation, basic spatial information files --administrative boundaries (District and Tehsil), 

contours, DEM, landcover, soils, and climate are required. The following dynamic maps 

provide a general overview of the spatial distribution of various features within the state 

of Himachal Pradesh, which are based on large database created on GIS platform. Each 

of the spatial profile is discussed briefly below along with a relevant map. 

 
4.2 Administrative Boundaries  
The administrative boundaries (Districts) of Himachal Pradesh are depicted in Fig.4.1. 

These are derived from SOI Toposheets of the scale 1:50,000. The attributes of the 

districts (Distt-ID, name, perimeter and area) are given in Annexure I 

 

The administrative boundaries (Tehsils/Sub-tehsils) of Himachal Pradesh are given in 

Fig.4.2.These are also derived from SOI Toposheets of the scale 1:50,000. The 

attributes of the Tehsils/Sub-tehsils (tehsil-ID, name, perimeter and area) are given in 

Annexure II  
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Figure 4.1:  District-wise administrative boundaries of Himachal Pradesh
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Figure 4.2:  Tehsil-wise administrative boundaries of Himachal Pradesh 
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4.3 Contours  
Fig.4.3 shows the pattern of contour lines (40 m interval) of Himachal Pradesh. These 

are derived from 1:50,000 scale Survey of India topographic maps  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.3:   Contours of Himachal Pradesh 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

HP Contours 
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4.4 Spot Heights  
Fig.4.4 depicts spot heights of various locations of Himachal Pradesh. These spot 

heights are required for generating digital elevation model of the area under study. The 

spot heights and their location in terms of latitude/longitude are extracted from SOI 

Toposheets of 1:50,000 scale.  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 4.4:   Spot Heights of Himachal Pradesh 
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4.5 Digital Elevation Model (DEM) 
Digital Elevation Model (DEM) is a digital representation of terrain relief, describing the 

geometry of the earth’s surface or a part of it. So, it concerns making available 

information about terrain relief, i.e. how the elevation of ground surface is changing with 

position. GIS, used in mountain areas usually incorporate digital elevation 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 crucial because the local and 

microclimatic variations strongly influence the bio-physical components of mountain 

environments which in turn shape the pattern of housing, social organization and 

agriculture system.This layer is of utmost importance for agriculture and is technically 

known as Digital Elevation Model (DEM). The sources of creating DEM are the 

measured surface points (spot heights), and the digitized contour lines. Hence, Digital 

Elevation Model (DEM), as shown in Fig.4.5 is derived from the interpolation of contour 

lines (Fig.4.3) and spot heights (Fig.4.4). The TOPOGRID method (Hutchinson 1988; 

Hutchinson 1989; ESRI 1991) is used to interpolate the DEM.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5:   Elevation of Himachal Pradesh 
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4.6 Hillshade 
Hillshade (Fig.4.6) is used to determine the hypothetical illumination of a surface as part 

of an analysis step or to derive a shaded relief from digital elevation raster and it depicts 

the spatial elevations in three dimensional ways and gives visualisation impact of ups 

and downs of the land surface (Pradhan,S.; Bajracharya, B.(2003)). For analysis, 

hillshade can be used to determine the length of time and intensity of the sun in a given 

location. The hillshade theme adds a three-dimensional effect to the themes to which 

transparency is set for graphical display. . 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.6:   Hillshade of Himachal Pradesh 
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4.7 Climate 
Himachal Pradesh has varied climate, seasons, rainfall and natural vegetation, but the 

Himalayas and the monsoonal regime lend uniqueness to this region known for its 

diversities. There is great diversification in the climatic conditions of Himachal Pradesh 

due to variation in elevation (240-7000mtrs) - from west to east and south to north. It 

varies from hot and sub-humid tropical (450-1000mtrs) in the southern low tracts, warm 

and temperate (1000-1500mtrs), cool and temperate (1501-2500 mtrs) and cold alpine 

and glacial (2501-7000mtrs) in the northern and eastern high mountain ranges. There 

are three major seasons round the year in Himachal Pradesh; Cold (October to 

February), hot (March to June) and rainy (July to September). By October, nights and 

mornings are very cold. Snowfall at elevations of about 3000 mtrs is about 3 mtrs and 

lasts from December to March. Above 4500 mtrs, is almost perpetual snow. The main 

season is the spring from mid- Feb to March-April. The rains start at the end of June. 

The heavy rains in July and August cause damage in the shape of erosion, floods and 

landslides. Palampur experiences an average annual rainfall of 2600 mm, and is 

considered as high rainfall in the country. Spiti is the driest area (below 50mm rainfall) 

being enclosed by high mountains on all sides.  

 
4.7.I Rainfall  
The altitudinal variability of Himachal Pradesh is diverse and so is the rainfall variability. 

Daily rainfall data were collected from 55 meteorological stations spread all over the 

state, and temporally for a period of 20-30 years. Average annual rainfall was calculated 

for all the met stations. This database for average annual rainfall along with station 

latitude/longitude given in Table 4.1 

 
Table 4.1: Database for average annual rainfall at different locations in Himachal 

Pradesh. 
 
S.No StationID Name Rainfall(mm) District Latitude Longitude 
1 7631102 Ghumarwin 1110 Bilaspur 31.44 76.75 
2 7631104 Bilaspur 1048 Bilaspur 31.33 76.78 
3 7632108 Chhatrari 597 Chamba 32.58 76.18 
4 7632102 Chamba 1259 Chamba 32.43 76.02 
5 7633100 Killar 821 Chamba 33.06 76.38 
6 7632110 Holi 640 Chamba 32.31 76.55 
7 7632102 Chowari 1844 Chamba 32.43 76.02 
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8 7631119 Bhoranj 1092 Hamirpur 31.61 76.60 
9 7631111 Barsar 1106 Hamirpur 31.56 76.41 
10 7631101 Hamirpur 1422 Hamirpur 31.69 76.50 
11 7631116 Sujanpur 1291 Hamirpur 31.80 76.55 
12 7631109 Nadaun 1234 Hamirpur 31.70 76.35 
13 7632103 Kangra 1898 Kangra 32.09 76.22 
14 7632104 Dharamsala 2433 Kangra 32.20 76.31 
15 7631110 Dehra 1390 Kangra 31.87 76.20 
16 7632105 Palampur 2606 Kangra 32.10 76.52 
17 7531100 Pong Dam 1201 Kangra 31.96 75.96 
18 7532100 Nurpur 1562 Kangra 32.29 75.90 
19 7831101 Kalpa 663 Kinnaur 31.61 78.32 
20 7831100 Kilba 627 Kinnaur 31.50 78.13 
21 7831103 Sangla 632 Kinnaur 31.38 78.21 
22 7731101 Bajaura 941 Kullu 31.84 77.14 
23 7731110 Banjar 907 Kullu 31.64 77.35 
24 7732103 IARI - Katrain 1096 Kullu 32.10 77.13 
25 7832100 Kaza 332 Lahaul-Spiti 32.13 78.41 
26 7732100 Moorang 386 Lahaul-Spiti 32.31 77.95 
27 7732101 Udaypur 498 Lahaul-Spiti 32.60 77.06 
28 7732102 Keylong 803 Lahaul-Spiti 32.56 77.03 
29 7631106 Sundarnagar 1291 Mandi 31.54 76.91 
30 7731107 Karsog 1017 Mandi 31.38 77.21 
31 7631103 Sarkaghat 1175 Mandi 31.70 76.78 
32 7631114 Sandhol 836 Mandi 31.86 76.68 
33 7631118 Mandi  1351 Mandi 31.70 76.85 
34 7731103 Theog 1244 Shimla 31.13 77.37 
35 7731108 Kumarsain 952 Shimla 31.30 77.45 
36 7731105 Rampur 847 Shimla 31.42 77.66 
37 7731114 IARI-Shimla 1272 Shimla 31.08 77.15 
38 7731100 Suni 971 Shimla 31.22 77.12 
39 7731111 Rohru 987 Shimla 31.20 77.73 
40 7731104 Kotkhai 1118 Shimla 31.11 77.55 
41 7730106 Chopal 1062 Shimla 30.96 77.59 
42 7731102 Mashobra 1330 Shimla 31.13 77.24 
43 7731106 Jubbal 1116 Shimla 31.09 77.66 
44 7730102 Pachhad 964 Sirmaur 30.79 77.22 
45 7730103 Nahan 1702 Sirmaur 30.56 77.27 
46 7730104 Renuka 1267 Sirmaur 30.61 77.46 
47 7730105 Dhaulakuan 1597 Sirmaur 30.49 77.48 
48 7730107 Paonta Sahib 1620 Sirmaur 30.48 77.58 
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49 7630100 Kasuali 1899 Solan 30.90 76.94 
50 7730109 Solan town 1232 Solan 30.91 77.13 
51 7631105 Nalagarh 1179 Solan 31.05 76.80 
52 7631108 Arki 1218 Solan 31.16 76.98 
53 7730100 Kandaghat 1191 Solan 30.97 77.07 
54 7631100 Una 1148 Una 31.46 76.25 
55 7631112 Bangana 1209 Una 31.63 76.35 
 
Based on this database, Fig.4.7 is generated, which shows the spatial distribution of 

weather stations over the entire state of Himachal Pradesh.  These are the weather 

stations for which the rainfall data has been collected for database development. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.7:   Rainfall Meteorological Stations of Himachal Pradesh 
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The average annual spatial rainfall distribution has been shown in Fig.4.8. The rainfall 

data given in Table 4.1 has been used to derive the annual rainfall pattern for the entire 

state through interpolation using a spline interpolator (Franke, 1982). There are places in 

Himachal Pradesh, 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 district. Hence, a meaningful distribution of the rainfall 

for whole of the state of Himachal Pradesh was considered and combined with the dry 

periods occurring in the whole of the state. Out of twelve districts of the state, nine 

received an average annual rainfall of around 1000 mm or more in a year. Lahaul and 

Spiti district is a dry temperate area with rainfall of less than 100 mm per year. 

Agriculture is practiced mostly under rain fed conditions in Himachal Pradesh as about 

83 percent of the cropped area is rainfed. 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. 

 
 
 
 

HP Spatial Rainfall Distribution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.8:   Spatial Rainfall Distribution of Himachal Pradesh 

Map 4.8 
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4.7.2 Temperature  

There is large variability in temperature range in Himachal Pradesh due to varied land 

heights and rainfall. Temperature data were also collected from 27 stations of Himachal 

Pradesh, spread over 20-30 years time. The precise locations in terms of latitude and 

longitude as well as average annual temperature data (min, max and mean) of these 

stations are given in the Table 4.2.  

Table 4.2: Database for average annual temperature data (min, max and mean) at 

different, locations in Himachal Pradesh  

S.
No 

StationID Name MinAvg 
Temp 

MaxAvg 
Temp 

MeanAvg 
Temp 

Latitude Longitude 

1 7631122 Taal 14.57 27.43 21.00  31.61 76.60 
2 7532101 Jachh 15.66 27.39 21.53  32.32 75.90 
3 7631100 Una 17.08 27.62 22.35  31.46 76.25 
4 7631101 Hamirpur 10.93 31.91 21.42  31.69 76.50 
5 7631104 Bilaspur 16.22 22.61 19.41  31.33 76.78 
6 7631106 Sundarnagar 11.51 28.58 20.04  31.54 76.91 
7 7631117 Bhota 16.36 29.10 22.73  31.61 76.55 
8 7631121 Berthin 13.52 28.08 20.80  31.41 76.63 
9 7632100 Chamba 11.00 27.41 19.21 32.54 76.14 
10 7632101 Salooni 10.20 20.94 15.57 32.72 76.05 
11 7632103 Kangra 16.08 27.79 21.93 32.09 76.22 
12 7632104 Dharamshala 13.27 26.58 19.92 32.20 76.31 
13 7632105 Palampur 13.39 23.05 18.22 32.10 76.52 
14 7632106 Malan 14.17 26.07 20.12 32.11 76.41 
15 7632113 Kukumseri 7.089 21.54 14.31 32.70 76.66 
16 7730103 Nahan 10.20 30.76 20.48 30.56 77.27 
17 7730105 Dhaulakuan 14.36 28.62 21.49 30.49 77.48 
18 7730109 Solan 10.16 30.5 20.33 30.91 77.13 
19 7730110 Solan Uni 12.65 24.82 18.73 30.85 77.17 
20 7731101 Bajaura 10.07 25.43 17.75 31.84 77.14 
21 7731104 Kotkhai 14.02 22.65 18.33 31.11 77.55 
22 7731113 Bhunter 6.438 28.72 17.58 31.88 77.16 
23 7731114 IARI - Shimla 11.31 19.50 15.40 31.08 77.15 
24 7731115 CPRI - Shimla 11.19 19.65 15.42 31.09 77.17 
25 7732103 IARI - Kartain 9.45 20.61 15.03 32.10 77.13 
26 7732104 Manali 3.96 24.27 14.11 32.24 77.20 
27 7831101 Kalpa 0.46 20.35 10.40 31.61 78.32 
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Fig.4.9 shows the location of weather stations –from where the temperature data has 

been recorded.  

 
 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4.9:   Temperature Meteorological Stations of Himachal Pradesh 
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The temperature (minimum, maximum and mean) data were used to interpolate using a 

spline interpolator (Franke, 1982), to derive the pattern of annual maximum, annual 

minimum and annual mean temperature in the entire state given by Fig.4.10, Fig.4.11, 

Fig.4.12 respectively.  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.10:   Average Annual Maximum Temperature of Himachal Pradesh 
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Figure 4.11:   Average Annual Minimum Temperature of Himachal Pradesh 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4.12:   Average Annual Mean Temperature of Himachal Pradesh 
 

Average Annual Mean Temperature 
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4.8 Soil Types 
Soil is one of the important parameters used to decide the suitability of an area for crop 

cultivation. Fig.4.13 shows a generalized map of soil types based on the suitability 

classes. The details of the soil types (S1, S2, S3, S4, WB) is provided in Annexure III.  

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.13:   Soils of Himachal Pradesh 
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4.9 Land cover of Himachal Pradesh:  
The mapping and monitoring of land cover and assessment of forest cover is carried out 

by using remote sensing and GIS technologies. The geographical plain area of Himachal 

Pradesh is 55, 673 sq. km based on the scale of the spatial data. The generalized land 

cover map of HP is given in Fig. 4.14 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.14:   Generalised Land cover of Himachal Pradesh 
 

The spatial distribution of different land cover types is given in Table 2 below. According 

to the result, the forest area occupies 32 percent of the total area, in the state. 

 

Table 4.3: 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 
Total 55530.23 100.00 
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4.10 Satellite Mosaic Imagery of Himachal Pradesh 
Fig.4.15 shows the IRS1D-LISS3 satellite image of Himachal Pradesh.  The mosaic 

image shows the state as a spatial conglomerate of high mountains to inland river 

valleys to plain areas. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.15:   Satellite Imagery of Himachal Pradesh 
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          CHAPTER 5  

Agro-Ecological Zones – Criteria and Results 
 
GIS tools are used to delineate dynamic Agro-ecological zones in a data scarce 

mountain environment. Two approaches have been used to develop Agro-ecological 

zones. The approach l uses altitude and rainfall (climate), while the approach II uses 

altitude, biomass through Normalised Difference Vegetation Index (NDVI) and climate 

TPindex (rainfall and maximum & minimum temperature) as variables. 

 
5.1 Approach I for AEZ 
5.1.1 Criteria 
Approach I uses physiographic variables altitude and rainfall (climate)  for determining 

zones then each zone has been interacted with the spatial profiles of Elevation, Rainfall, 

Temperature (mean), and Soils and these spatial profiles are obtained zone-wise. The 

rainfall was divided into four classes which included: i) wet annual (A), ii) moist annual, 

iii) dry annual and iv) very dry annual rainfall. The detailed description is provided in 

Table 5.1. This distribution of rainfall is linked to dry season period and moisture 

availability. 

The altitudinal zones of Singh and Dhillon (1995), as proposed for the western 

Himalayas, are adopted for developing a set of decision rule (Fig 5.1). This divides the 

state of Himachal Pradesh in six altitudinal ranges as well as climate types combined 

with agricultural adaptations.  

 
Table 5.1: Zones of rainfall distribution 

 
Symbol Classification Description 

1 Wet annual rainfall > 
2500 mm. 

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

2 Moist annual rainfall 
between 2500 and 
1500 mm. 

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

3 Dry annual rainfall 
1500 mm  to 700 mm 

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

4 Very dry annual 
rainfall < 700 mm. 

Dry season of 7 to 9 months.  Moisture availability period of 90 
and 150 days  
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Figure 5.1: Altitudinal agro-climatic zones proposed for the Western Himalayas 

 
The six altitudinal zones were combined with four rainfall zones. Thus, theoretically by 

ordinary combinations one can expect twenty four zones. These twenty four zones have 

to be seen in the realistic sense and only those agro-ecological situations should be 

included which are realistic and are occurring in Himachal Pradesh. Based on this, nine 

agro-ecological situations (zone 1.1 to zone 4.3) were identified and a set of criteria was 

developed, as given in Table 5.2, to identify realistic, and meaningful agro-ecological 

zones within Himachal Pradesh. Table 5.3 presents Comparison between the criteria of 

the four and the New Zones. 
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Table 5.2: Criteria for New Agro-ecological Zonation 
 

 
 
Table 5.3: Comparison between the criteria of the four zones and the new zones  

Four 
Zones 

Four 
Zones 

Elevation 
(m) 

Four 
Zones 
rainfall 
(mm) 

New Zones 
Elevation 
splits (m) 

New 
Zones 

Rainfall  
Splits 

New 
Zones   

Rainfall 
(mm) or 
Snow 

Elevation      
and Rainfall 

Suitable 
Combinations

New 
Zones 

240-1000 1 < or 
=1500 11 1.1 

1. Below 
650  

About 
1000  

240-1000 2 >1500 12 1.2 

1001-1500 1 < or 
=1500 21 2.1 

2. 651-1800  1500-3000 
1001-1500 2 >1500 22 2.2 

1501-2500 1 < or = 
1500 31 3.1 

3. 1801-
2200  

About 
1000 

1501-3250 2 > 1500 32 3.2 

2501-3250 < 700 
(1) - 41 4.1 

3251-4250 Dry/Sno
w (2) - 42 4.2 4. Above 

2200  <250  

> 4250 Snow 
(3) - 43 4.3 

 
 

Four Agro-ecological Zones 
(AEZs) 

New AEZs Altitude range(m) Rainfall (mm) 

Zone 1.1 240-1000 < or =1500 Zone 1 
Sub montane & low hills sub-

tropical Zone 1.2 240-1000 >1500 

Zone 2.1 1001-1500 < or =1500 Zone 2 
Mid hills sub humid 

Zone 2.2 1001-1500 >1500 

Zone 3.1 1501-2500 < or = 1500 
Zone 3 

High hills temperate wet 
Zone 3.2 1501-3250 > 1500 

Zone 4.1 2501-3250 < 700 (Dry) 

Zone 4.2 3251-4250 Dry/snow 
Zone 4 

High hills temperate dry 

Zone 4.3 >4250 Dry/snow 
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5.1.2 Methodology 
 

The methodology used to delineate Agro-ecological zones through Approach I is to first 

take the contours and spot heights based on 1:50,000 scale toposheets. Then DEM 

(Digital Elevation Model) for physiographic variable altitude is generated through spatial 

interpolation (IDW) in GIS software. Time series data for climatic variable – rainfall is 

generated through secondary sources and then climatic grid is also developed through 

spatial interpolation (IDW). Inverse Distance Weighted (IDW) interpolator assumes that 

each input point has a local influence that diminishes with distance. It weighs the points 

closer to the processing cell greater than those farther away.  After this, criteria/decision 

rules are prepared based on field/scientific knowledge. Then with the help of GIS based 

spatial analysis, Agro-ecological zones are delineated. The flowchart for the 

methodology is given in Fig. 5.2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.2 Methodology Flowchart for Agro-ecological zonation 
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5.1.3 Outputs and Description 
 

Once the above mentioned basic spatial profiles are ready, these can be accessed for 

location specific and need based analysis, e.g. delineation of agro-ecological zonation. 

Detailed and informative Agro-ecological zones (Nine instead of four) for effective 

agricultural planning based on two criteria – Elevation and Rainfall have been delineated 

in this study. These zones represent the realistic areas that can be designated as 

production domains for different crops. Each zone has its own agricultural adaptation 

which can be harnessed by agriculture policy planners and decision makers. The 

statistics of all the zones are presented in Table 5.4, which indicate the spatial 

distribution (area) of each zone in sq. km. and percentage.  

 

Table 5.4: Spatial Distribution of Agro-Ecological Zones 

 
 

The detailed maps of zones in terms of coverage of area, various parameters as 
elevation, rainfall, temperature, and soils are given the following pages.  

Four Agro-ecological 
Zones (AEZs) 

New AEZs Area (In Sq.Km.) Percent 

Zone 1.1 8201 14.73 Zone 1 
Sub montane & low hills 

sub-tropical Zone 1.2 2059 3.70 

Zone 2.1 3770 6.77 Zone 2 
Mid hills sub humid 

Zone 2.2 894 1.60 

Zone 3.1 8207 14.74 Zone 3 
High hills temperate wet 

Zone 3.2 1010 1.81 

Zone 4.1 4616 8.29 

Zone 4.2 7003 12.58 

Zone 4 
High hills temperate dry 

Zone 4.3 19890 35.74 

Total 55,650 100 
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Zone 1 (Sub montane & low hills sub-tropical) 
 
Zone 1 given by Fig. 5.3 is delineated for the elevation range 240-1000 m amsl. Its plain 

geographical area is 10,260 sq.km which is the 18.43 per cent of total area of the state.  

Region/Area: This zone comprises of 28 complete tehsils viz., Nurpur, Indora, Fatehpur, 

Jawali, Jaswan, Dehra, Rakkar, Harchakian, Khundian, Baroh, Thural, Dheera, Kangra 

(Kangra District), Bharwain, Amb, Una, Bangana, Haroli (Una District), Sujanpur, 

Nadaun, Hamirpur, Barsar, Dhatwal (Hamirpur District) Ghumarwin, Jhanduta, Naina 

Devi (Bilaspur District), Nalagarh, Krishanagarh (Solan District). 

This zone also includes parts of 34 tehsils i.e. Bhattiyat, Dalhousie, Sihunta, Bhalai, 

Saluni, Chamba (Chamba district), Shahpur Dharamshala, Palampur, Jaisingpur,  

(Kangra District), Bhoranj (Hamirpur District), Jogindernagar, Padhar, Ladbharol, 

Sandhol, Dharmpur, Kotli, Sarkaghat, Mandi, Baldwara, Sundernagar (Mandi District), 

Bilaspur (Bilaspur District), Ramsahr, Arki, Kandaghat, Solan, Kasauli (Solan District). 

Nahan, Paonta Sahib, Kamrau, Shalai, Renuka, Dadahu and Nohra (Sirmaur district). 

Climate: The climate of this zone is sub-tropical type wherein mean annual temperature 

lies between 15ºC to 23ºC. Average rainfall is about 1100 mm of which 80% is received 

during the rainy season, i.e. July to September. 

Soils and Crops: The soils of this zone are shallow, light textured and low in fertility. 

These are neutral in reaction with pH ranging 6.5 to 7.5. The soils are quite productive. 

Rainfed farming is mostly practiced in this zone. The important crops grown are wheat, 

maize, paddy, pulses, oilseeds. Barley, sugarcane and potatoes are also grown to some 

extent. Sub-tropical fruits as citrus, mango and litchi constitute important fruit crops in 

this zone. The zone is characterized by three types of vegetation viz. (i) northern dry 

mixed deciduous forests, (ii) dry deciduous scrub and (iii) Shivalik chir pine forests.  

Zones: This zone is further sub divided into two zones, namely, zone 1.1 and zone 1.2 

taking into consideration two rainfall splits 700-1600 mm and greater than 1600 mm 

respectively. Further these zones are interacted with basic profiles of elevation, rainfall, 

temperature, and soils which give detailed visualization of these parameters zone-wise. 
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Figure 5.3:  Zone 1 - Sub montane & low hills sub-tropical 
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Zone 1.1 

 
Zone I.I (Fig. 5.4) is delineated for elevation range from 240 -- 1000 m amsl and average 

annual rainfall less than 1600 mm. The total geographical area under this zone comes 

out to be 8201 sq. km. which is 14.73% of total area of Himachal Pradesh. This zone 

comprises of 18 complete tehsils viz., Indora, Fatehpur, Jaswan, Rakkar (Kangra 

District), Bharwain, Amb, Una, Bangana, Haroli (Una District), Sujanpur, Nadaun, 

Hamirpur, Barsar, Dhatwal (Hamirpur District) Ghumarwin, Jhanduta, Naina Devi 

(Bilashpur District), Nalagarh (Solan District) and includes parts of some tehsils i.e. 

Dalhousie, Bhalai, Saluni, Chamba (Chamba district), Nurpur, Jawali, Dehra-Gopipur, 

Baroh, Thural (Kangra District), Bilaspur Sadar (Bilaspur district), Jogindernagar, 

Ladbharol, Sandhol, Dharampur, Kotli, Sarkaghat, Mandi, Baldwara, Sundernagar, Nihri, 

Karsog, Aut,  (Mandi District), Ramshahr, Arki, Kandaghat, Solan, Kasauli, Krishangarh 

(Solan District), Nahan, Paonta Sahib, Kamrau, Shalai, Renuka, Dadahu, Nohra 

(Sirmaur district).Rain fed farming is mostly practiced in this zone.  
 

 
 
 
 

Figure 5.4:  Zone 1.1 
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Elevation Distribution of Zone 1.1 
 
The elevation of this zone varies between 240 – 1000 m above mean sea level (amsl) 

(Fig 5.5). The areas of parts of tehsils Indora, Fatehpur, Jawali, Amb, Una, Haroli, 

Nalagarh, Poanta sahib lie between 240 – 500 m amsl and remaining area of zone I lie 

between 501 – 1000 m amsl.  

 
 

 
 
 

Figure 5.5:   Elevation Distribution in Zone 1.1 
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Rainfall Distribution in Zone 1.1 
 
The average annual rainfall in zone 1.1 varies between 700-1600 mm (Fig 5.6). The 

majority areas of tehsils Indora, Nurpur, Fatehpur, Dera Gopipur, Khundian of district 

Kangra, parts of tehsil Datwal, Barsar, Rakkar, Tira-Sujanpur and Nadaun of district 

Hamirpur, parts of tehsil Amb and Bangana of district Una, parts of tehsil Chachiyot of 

Mandi receive annual rainfall between 1300 to 1600 mm. The remaining areas of the 

zone receive less than 1300 mm average annual rainfall. The majority of areas in this 

zone are having low hills and characterized by subtropical climate. South-West 

monsoons bring major rainfall events during mid June to mid September which 

contributes about 75% of total annual rainfall. Winter rains are meager.  

 
 
 

 
 

Figure 5.6:   Rainfall Distribution in Zone 1.1 
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Mean Temperature Distribution in Zone 1.1 
 
The mean annual temperature in this zone remains between 15 and 23 °C (Fig 5.7). 

Entire area of district Una, Hamirpur and parts of district Kangra comprising of tehsils 

Jaswan, Dehra Gopipur, Khundian and Nurpur experience 20-23 °C mean annual 

temperature which is the highest temperature range observed in this zone. The mean 

annual temperature of the remaining areas of the zone remains between 15 and 19 °C. It 

has humid sub-tropical climate. 

 

 
 

 
 
 
 

Figure 5.7:   Mean Temperature distribution in Zone 1.1 
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Soils and Crops in Zone 1.1  
 
The soils of this zone (Fig 5.8) are quite productive. They are invariably light textured 

with shallow and low in fertility. Majority of the soils in this zone are deep medium in 

depth, well drained, loamy/skeletal soils with moderate erosion. The shallow, excessively 

drained soils with severe erosion are also found in this zone on sloppy lands. The 

available water content of soil varies between 180-200 mm. The soils are invariably 

deficient in nitrogen and medium in phosphorus and potassium. The major crops grown 

in this zone are wheat, maize, paddy, pulses and oil seeds, barley, sugarcane, potato, 

water melon and vegetables are also grown in this zone to some extent. Citrus, Mango 

and Litchi are the major fruit crops of this zone. 
 
 

 
 
 

Figure 5.8:   Soil distribution in Zone 1.1 
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Zone 1.2 
 
Zone 1.2 (Fig. 5.9) is characterized for elevation 240-1000 m amsl and rainfall range 

greater than 1600 mm. The total area of this zone is 2059 sq. km which is 3.70 per cent 

of the total geographic area of the state. This zone comprises of three complete tehsils 

viz., Harchakian, Dheera, Baroh (Kangra District) and  includes parts of some tehsils i.e. 

Bhattiyat, Sihunta (Chamba district), Nurpur, Jawali, Shahpur, Dharamshala, Dehra 

Gopipur, Kangra, Palampur, Jaisinghpur, Thural, Khundian (Kangra District), 

Krishangarh (Solan District), Nahan, Paonta Sahib (Sirmaur district),  

 
  
 

 
 
 

Figure 5.9:   Zone 1.2 
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Elevation Distribution of Zone 1.2  
 
 
The elevation of this zone (Fig. 5.10) varies between 240-1000 m amsl. Larger part of 

the zone viz. parts of the tehsils of Nurpur, Jawali, Harchikian, Baroh, Shahpur, Dhira 

and Jaisinghpur of district Kangra, Bhattiyat and Sihunta of district Chamba has an 

altitude ranging between 600 – 800 m amsl. However there are certain parts of Sihunta, 

Bhattiyat, Shahpur, Baroh and Dhira tehsils falling in this zone having elevation 800 m-

1000m. 
 
 
 
 

 
 
 

Figure 5.10:  Elevation Distribution in Zone 1.2 
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Rainfall Distribution of Zone 1.2  
 
 
The average annual rainfall of this zone varies between 1500 – 2500 mm (Fig. 5.11). 

More than 2500 mm rainfall in the map are only the extrapolated values. Majority of the 

areas receive more than 1800 mm annual average rainfall. The climate of this zone is 

characterized as sub-humid type. This zone does not experience any snowfall. South-

Western monsoons cause major rainfall events during mid of June to mid of September. 

Western disturbances contribute 10-15% of total annual rainfall during winters. 

 
 
 
 

 
 

 
 

Figure 5.11:  Rainfall Distribution in Zone 1.2 
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Temperature Distribution of Zone 1.2  
 
 
The mean annual temperature of this zone ranges between 18.6ºC and 21.9ºC (Fig. 

5.12). Majority areas including parts of tehsil Shahpur, Jawali, Nurpur, Baroh, Dhira and 

Jaisinghpur, parts of tehsils Nahan, and Poanta sahib experience 19ºC to 21ºC 

temperature. The areas including parts of tehsil Harchakian, Nurpur, Dera Gopipur and 

tehsil Kangra of district Kangra, Poanta Sahib of Sirmaur experience the highest mean 

annual temperature of 21ºC. This zone also comes under wet sub-tropical climate 

category. 
 
 
 

 
 
 

 
Figure 5.12:  Mean Temperature Distribution in Zone 1.2 
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Soils and Crops in Zone 1.2  
 
Majority areas viz. parts of tehsils Jawali, Shahpur, Harchakian, Kangra, Dhira, 

Jaisinghpur and Palampur of district Kangra; Sihunta, Bhattiyat, Krishangarh of solan, 

Nahan and some parts of Poanta are having medium deep and well drained soils (Fig 

5.13). The texture of these soils is loamy with moderate erosion. Some parts of tehsil 

Baroh, Nurpur Sihunta and Nahan have shallow soils which are prone to excessive 

erosion. The soils of this zone are generally deficient in Nitrogen and Phosphorus with 

poor water and nutrient holding capacity. Wheat, Paddy, Maize, Seed Potato, Pulses and 

Oilseeds are the main crops. Stone and Citrus fruits also occupy major area of the zone 

among fruit crops.  

 

 
 
 

Figure 5.13:  Soils Distribution in Zone 1.2 
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ZONE 2 (Mid hills sub humid) 
 
Zone 2 (Fig 5.14) lies between an elevation of 1001-1500 m amsl. The total area of this 

zone is 4664 sq. km. which is about 8.37 per cent of the total geographical area of the 

state.  

Region/Area: It comprises parts of tehsils of Chaurah, Salooni, Bhalai, Chamba, 

Sihunta, Bhattiyat and Dalhousie (Chamba district), Baijnath, Palampur, Jaisinghpur,  

Dharamshala, Shahpur (Kangra district), Lad-Bharol, Jogindernagar, Padhar Kotli, 

Dharampur, Sarkaghat, Sandhol, Baldwara, Sundernagar, Nihiri, Karsog, Aut, Mandi 

(Mandi district), Kumarsain, Rampur, Seoni, Junga, Nerwa, Theog, Nankhari, Chaupal, 

Cheta, Jubbal, Shimla (R) (Shimla district), Arki, Ramshahr, Krishangarh, Solan, Kasoli, 

Kandaghat, Nalagarh (Solan district), Pachhad, Rajgarh, Nohra, Dadahu, Renuka, 

Rohnat, Shalai, Kamru, Nahan, Paonta Sahib (Sirmaur district), Kullu, Sainj, Ani, Banjar, 

Nirmand (Kullu district) and Nichar (Kinnaur district), Bhoranj, Hamirpur (Hamirpur 

district), Naina Devi, Jandhuta, Ghumarwin, Bilaspur sadar (Bilaspur district).  

Climate: The climate of this zone is sub humid type wherein mean annual temperature 

lies between 14ºC to 22ºC. The rainfall around Dharmshala and Palampur is as high as 

about 3000 mm while in the remaining areas, it is about 1500 mm. 

Soils and Crops: The soil texture of this zone varies from loam to clay loam and soils 

are deficient in nitrogen and phosphorus with poor water and nutrient holding capacity. 

Soils are acidic in reaction and response to liming. Soils conservation, water and fertility 

management are the important problems. The main crops of this zone are wheat, paddy, 

barley, pulses, oilseeds. Mostly rainfed farming is practiced in this zone. Some parts of 

this zone are also suitable for off season vegetables. Citrus fruits are also grown in the 

some areas of this zone. The zone is characterized by generally two types of vegetation, 

(i) lower west Himalayan temperate forests and (ii) Himalayan chir pine forets. Cow, 

goats, sheep and buffaloes are important domestic of economic importance in this zone. 

Zones: This zone is further sub divided into two zones, namely, zone 2.1 and zone 2.2 

taking into consideration two rainfall splits 700-1500 mm and greater than 1500 mm. 

respectively. Further these zones are interacted with basic spatial profiles of elevation, 

rainfall, temperature, and soils which give detailed visualization of these parameters 

zone-wise.
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Fig 5.14: Zone 2 (Mid hills sub humid) 
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Zone 2.1  

 
Zone 2.1 given by Fig 5.15 lies between an elevation of 1001-1500 m amsl and rainfall 

range of 700-1500 mm. The total plain geographical area of the zone is 3770 sq.km 

which is 6.77 per cent of the total area of the state. It comprises parts of the tehsils of 

Chaurah, Salooni, Chamba,  Bhattiyat and Dalhousie (Chamba district), Bhoranj, 

Hamirpur (Hamirpur district), Naina-Devi, Jandhuta, Ghumarwin, Bilaspur sadar (Bilaspur 

district). Lad-Bharol, Jogindernagar, Padhar, Kotli, Dharampur, Sarkaghat, Sandhol, 

Baldwara, Sundernagar, Nihiri, Karsog, Aut, Mandi (Mandi district), Shimla (R), 

Kumarsain, Rampur, Seoni, Junga, Nerwa, Theog, Nankhari, Chaupal, Cheta, Jubbal 

(Shimla district), Arki, Ramshahr, Krishangarh, Solan, Kasoli, Kandaghat, Nalagarh 

(Solan district), Pachhad, Rajgarh, Nohra, Dadahu, Renuka, Rohnat, Shalai, Kamru, 

Nahan, Paonta Sahib (Sirmaur district), Kullu, Sainj, Ani, Banjar, Nirmand (Kullu district),  

Nichar (Kinnaur district),  

 

 

 
 
 

Figure 5.15:  Zone 2.1 
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Elevation Distribution of Zone 2.1 
 
The altitude of this zone lies between 1000 – 1500 m amsl (Fig 5.16). Larger part of this 

zone is having elevation between 1150 to 1400 m amsl  

 

 

 
 
 

Figure 5.16: Elevation Distribution of Zone 2.1 
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Rainfall Distribution of Zone 2.1 
 
 
Average annual rainfall varies between 700 – 1500 mm in the entire zone (Fig 5.17). 

More than 80% area of the zone receives 900 – 1300 mm rainfall annually. There are 

areas like parts of tehsil Jaisinghpur, Jogindernagar, Padhar, Mandi, Chachyot, 

Krishangarh, Kasauli, Pachhad, Shalai, Ronhat, Bhalai which receive 1300 – 1500 mm 

average annual rainfall.  

 
 
 

 
 
 
 

Figure 5.17: Rainfall Distribution of Zone 2.1 
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Mean Temperature Distribution of Zone 2.1 
 

The mean annual temperature of the zone lies between 14.2ºC to 22.1 ºC (Fig 5.18). 

However, major part of this zone experiences 17ºC to 20 ºC mean annual temperature. It 

has a climate of the type humid sub-temperate. 

 

 
 
 
 

 
 
 
 

Figure 5.18: Mean Temperature Distribution of Zone 2.1 
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Soils Distribution of Zone 2.1 
 
 
Soils Distribution of Zone 2.1 is given in Fig 5.19 which has been classified on the 

suitability class (refer to Annexture III). Soils of the region are shallow to medium deep in 

depth, well to excessively drained with moderate to severe erosion. The soils are shallow 

in depth. Silt loam to loam in texture and deficient in nitrogen, phosphorus and 

potassium. The main crops are Wheat, Paddy, Barley, Pulses and Oilseeds. Mostly 

rainfed farming is practiced in this zone. Some parts of this zone are also suitable for off 

season vegetables. 

 
 
 

 
 
 
 

Figure 5.19: Soils Distribution of Zone 2.1 
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Zone 2.2 

 

Zone 2.2 lies between an elevation of 1001-1500 m amsl and rainfall greater than 1500 

mm (Fig 5.20). The area under this zone is 894 sq. km which is 1.60 per cent of the total 

geographic area of the State. It comprises parts of tehsils i.e. Nahan, Paonta Sahib, 

Kamru (Sirmaur district), Krishangarh, (Solan district), Baijnath, Palampur, Jaisinghpur, 

Thural, Dheera, Dharamsala, Kangra, Shahpur (Kangra district) Sihunta, Bhattiyat and 

Dalhousie (Chamba district). The unique character of this zone is that some of the areas 

of this zone (Dharamsala, Palampur) receive one of the world’s highest rainfall. 

However, more than 80 per cent of the rainfall is received in the rainy season (Mid June 

to Mid September). 

 
 

 
 
 

Figure 5.20: Zone 2.2 
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Elevation Distribution of Zone 2.2 
 
 
The elevation of this zone (Fig 5.21) ranges between 1000 – 1500 m amsl. Majority 

areas under this zone have 1100 – 1400 m amsl elevation. Some parts of this zone 

(around 20%) have elevation  1400 m to 1500 m.  

 
 
 
 
 

 
 
 
 

Figure 5.21: Elevation Distribution of Zone 2.2 
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Rainfall Distribution of Zone 2.2 
 
Average annual rainfall of zone 2.2 (Fig 5.22) varies between 1500 – 2600 mm. Majority 

areas of the zone receive rainfall between 1500 and 1900 mm. However, parts of the 

tehsils of Dharamshala, Palampur and Baijnath falling in this zone receive average 

annual rainfall between 1900 – 2600 mm.  

 
 
 
 

 
 
 
 
 

Figure 5.22: Rainfall Distribution of Zone 2.2 
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Mean Temperature Distribution of Zone 2.2 
 
The mean annual temperature of the zone remains between 16.53 ºC and 21ºC (Fig 

5.23). Majority areas (more than 60%) experience 19-20 ºC mean annual temperature. 

This zone has wet sub-temperate type climate. 

 
 
 
 

 
 
 
 
 

Figure 5.23: Mean Temperature Distribution of Zone 2.2 
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Soils and Crops of Zone 2.2 
 
Fig 5.24 depicts the soils of zone 2.2 which are shallow to medium deep with moderate 

to severe erosion. The soils are well to excessively drained. The soils of this region are 

acidic in reaction and silt loam to clay loam in texture. The major crops are Wheat, 

Maize, Rice, Pulses and Oilseeds. Citrus fruits are also grown in the some areas of this 

zone. 

 
 

 
 
 
 
 

Figure 5.24: Soils Distribution of Zone 2.2 
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Zone 3 (High hills temperate wet) 
 
Zone 3 (Fig 5.25) lies between an elevation of 1500 m to 3250 m amsl. The total plain 

geographical area of this zone is 9217 sq km which is 16.54 per cent of the total area of 

the state.  

Region/Area: It comprises of  complete tehsil i.e. Shimla (U), Theog, Kotkhai, Tikker, 

Rohru, Chaupal, Nankhari (Shimla district) Thunag, (Mandi district) and parts of other  

tehsils viz., Pangi, Dalhousie, Bhattiyat, Sihunta, Chaurah, Salooni, Bhalai, Chamba, 

Bharmaur and Holi (Chamba district), Shahpur, Dharamshala, Palampur, Baijnath and 

Multhan (Kangra district), Padhar, Jogindernagar, Mandi (Sadar), Aut, Chachyot, Nihri, 

Karsog, Balichowki, Kotli, Dharmpur, Larbhrol, Sundernagar, Sarkaghat, Baldwara, 

(Mandi district), Kullu Sainj, Banjar,  Nirmand, Manali, Anni (Kullu district), Rampur, 

Chirgaon, Dodrakwar, Nerwa, Seoni, Junga, Shimla (R), Kumarsain, Theog, Nankhari, 

Tikkar, Kothkhai, Chaupal, Cheta, Rohru, (Shimla district), Arki, Kandaghat, Solan, 

Kasauli, Krishangarh, (Solan district) Rajgarh, Pachhad, Nohra, Renuka, Rohnat, Shalai, 

Kamru, Dadahu, Nahan (Sirmaur district), Hanrang, Poo, Morang, Sangla, Nichar, Kalpa 

(Kinnaur district). Udaipur, Lahul (Lahul-Spiti).  

Climate: The climate of this zone is temperate wet and covers hilly area of elevation 

1500 m to 3250 m and therefore known as High hills temperate wet zone. The average 

rainfall is about 1000 mm which is mainly received during the monsoon season. 

Soils and Crops: The soils are shallow in depth, acidic in reaction, silt loam to loam in 

texture and deficient in nitrogen and phosphorus. Due to acidic nature, the soils respond 

to liming. Terrace and rainfed farming is widely practiced. Soil erosion, low fertility and 

inadequate water management are main problems of this zone. The major crops are 

wheat, barley, maize, millets, pulses and oilseeds. Apple, other temperate fruits and nuts 

are important horticulture crops grown in this zone. This zone is suitable for raising off-

season vegetables and seed production of temperate vegetables. Sheep and buffalo 

rearing also supplement the income of the farmers. This zone has upper west Himalayan 

temperate forests. 

Zones: This zone is further sub divided into two zones, namely, zone 3.1 and zone 3.2. 

Zone 3.1 is delineated for elevation 1501 m to 2500 m and rainfall less than 1500 mm 

whereas zone 3.2 is delineated for elevation 1501m to 3250m and rainfall greater than 

1500 mm. respectively. Further these zones are interacted with basic spatial profiles of 

elevation, rainfall, temperature, and soils which give detailed visualization of these 

parameters zone-wise. 
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Fig 5.25: Zone 3 High hills temperate wet 
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Zone 3.1 
 
Zone 3.1(Fig 5.26) lies between an elevation of 1501-2500 m amsl and rainfall less than 

1500 mm. The total area of this zone is 8207 sq km which is 14.74 per cent of the total 

geographical area of the state. It comprises of complete tehsil i.e. Shimla (U) (Shimla 

district) and parts of other  tehsils viz. Pangi, Chaurah, Salooni, Bhalai, Chamba, 

Bharmaur and Holi (Chamba district), Padhar, Jogindernagar, Sarkaghat, Baldwara, 

Dharampur, Sundernagar, Kotli, Thunag, Balichowki, Lad Bharol, Aut, Chachyot, Nihri, 

Karsog, Mandi (Mandi district), Kullu, Sainj, Banjar,  Nermand, Manali, Ani (Kullu district), 

Rampur, Chirgaon, Dodrakwar, Nerwa, Cheta, Jubbal, Seoni, Shimla (R), Kumharsain, 

Theog, Nankhari, Tikkar, Kotkhai, Chaupal, Rohru, (Shimla district), Arki, Kandaghat, 

Solan, Kasauli (Solan district) and Rajgarh, Pachhad, Nohra, Renuka, Rohnat, Shalai, 

Dadahu (Sirmaur district), Poo, Moorang, Sangla, Nichar, Kalpa (Kinnaur district).  

 

 

 
 

 
 

Figure 5.26:  Zone 3.1 
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Elevation Distribution of Zone 3.1 
 

The Elevation distribution of this zone 3.1 (Fig 5.27) varies between 1501-2500 m amsl. 

This zone comprises areas falling under high hills. 

 
 
 
 

 
 
 
 

Figure 5.27:   Elevation Distribution of Zone 3.1 
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Rainfall Distribution of Zone 3.1 
 
 
The average annual rainfall distribution of the zone 3.1(Fig 5.28) remains below 1500 

mm. Majority areas of the zone receive 1000-1250 mm average annual rainfall. The 

parts of tehsils Kalpa and Moorang receive less than 700 mm annual rainfall. Most of the 

cultivated area of this zone being located on higher reaches lacks irrigation. South-West 

monsoons cause major rainfall events in lower hills of elevation 1500 m to 2000 m. 

Some parts of this zone receive ample winter snowfall. 

 
 
 
 

 
 
 
 
 

Figure 5.28:   Rainfall Distribution of Zone 3.1 
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Mean Temperature Distribution of Zone 3.1 
 
 
The mean annual temperature in this zone (Fig 5.29) lies between 9.1 OC to 20.6 OC. 

However, majority areas of this zone experience 16OC - 18.3OC mean annual 

temperature. The lowest range of temperature in this zone is 9.18 OC - 13.7 OC, which is 

found in Kalpa and Moorang tehsils of Kinnaur District.  

 
 

 
 
 
 
 

Figure 5.29:  Mean Temperature Distribution of Zone 3.1 
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Soils and Crops of Zone 3.1 
 
Soils of this zone (Fig 5.30) are shallow, excessively drained and experience severe 

erosion. The texture is mainly loamy. The soils are invariably deficient in major nutrients. 

The major crops are wheat, barley, maize, millets, pulses and oilseeds. Stone fruits 

besides apple and pear are also grown in this zone.  

 
 
 

 
 
 
 
 

Figure 5.30:  Soils Distribution of Zone 3.1 
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ZONE 3.2 
 
Zone 3.2 (Fig 5.31) lies between an elevation of 1501-3250 m amsl and rainfall greater 

than 1500 mm. The total area of this zone is 1010 sq. km. which is 1.8% of total 

geographical area. It mainly comprises of Dhauladhar region of Himachal Pradesh. Parts 

of tehsils viz. Dhalhousie, Bhattiyat, Sihunta,  Chamba, Bharmaur and Holi (Chamba 

district), Shahpur, Dharamshala, Palampur, Baijnath, Multhan (Kangra district), 

Jogindernagar (Mandi district), Krishangarh, Kasauli (Solan district) Shimla (R) (Shimla 

district) and Kamrau and Nahan (Sirmaur district) lie in this zone.  

 

 
 
 

 
 
 
 

Figure 5.31:  Zone 3.2 
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Elevation Distribution of Zone 3.2 
 
 
The elevation of this zone (Fig 5.32) varies from 1500 to 3250 m amsl. The majority area 

of the zone lies between 2400 – 2800 m amsl. 

 
 
 
 

 
 
 
 
 

Figure 5.32:  Elevation Distribution of Zone 3.1 
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Rainfall Distribution of Zone 3.2 
 
 
Though zone 3.2 (Fig 5.33) has average annual rainfall range from 1501 mm to 3000 

mm but the majority areas of this zone receive 1500-2000 mm of rain. The value 3000 

mm is an extrapolated value though the upper value of rainfall in this zone may be 2600 

mm.  

 

 
 
 
 

 
 
 
 
 
 

Figure 5.33:  Rainfall Distribution of Zone 3.1 
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Mean Temperature Distribution of Zone 3.2 
 
 
The mean annual temperature in zone 3.2 (Fig 5.34) varies between 15.4 OC to 20.5OC 

but the majority area under this zone lies between 17 OC -20OC. The climate of this zone 

is wet temperate. 

 
 
 
 

 
 
 
 
 

Figure 5.34:  Mean Temperature Distribution of Zone 3.2 
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Soils and Crops in Zone 3.2 
 
Soils of this zone (Fig 5.35) are shallow to medium deep with moderate to severe 

erosion. However, the soils on slopes are shallow, excessively drained with severe 

erosion problem which constitute about 50% of the area of the zone. The soils of this 

zone are largely light textured and sandy loam in texture. The landforms are mid hills to 

high hills. The major crops are maize, wheat, pulses and oilseeds. Mostly rainfed farming 

is practiced in this zone. Soils are generally deficient in major nutrients.  

 
 
 

 
 
 
 

Figure 5.35:  Soils Distribution of Zone 3.1 
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ZONE 4 
Zone 4 (Fig 5.36) covers whole area of Himachal Pradesh having elevation more than 
2501 m amsl. The total plain geographical area of this zone is 31509 sq km which is 
about 56.61 per cent of the total area of the state.  
Region/Area: This zone is the largest zone area wise comprising of complete tehsils 
viz., Multhan (Kangra District), Udaipur, Lahul, Spiti (Lahul-Spiti), Hangrang, Sangla, 
Moorang, Poo, Kalpa (Kinnaur District) and parts of tehsils viz., Salooni, Churah, Pangi, 
Chamba, Bharmaur, Holi, Sihunta, Bhattiyat (Chamba District), Baijnath, Palampur, 
Dharamshala, Shahpur (top of Dhauladhar of Kangra District), Jogindernagar,Padhar, 
Bali chauki, Thunag, Chichiyot and Nihri (Mandi district) Manali, Kullu, Sainj, Banjar, Ani, 
Nirmand (Kullu District), Nichar (Kinnaur District), Rajgarh, Nohra (Sirmaur Distrcit), 
Rampur, Chirgaon, Dodrakwar, Nankhari, Kumarsain, Seoni, Theog, Chaupal, Cheta, 
Jubal, Rohru, Tikkar, Kotkhai and Nerwa (Shimla Distrcit). 
Climate: The climate of this zone is temperate dry and covers hilly area of elevation 
more than 2500 m and therefore known as High hills temperate dry zone. High altitude 
areas (elevation greater than 3250 m) have perennial glacial reserves and have high 
mountains passes.  
Soils and Crops: The soils of this zone are sandy loam in texture and neutral to alkaline 
in reaction and low in fertility. There is good response to nitrogen and phosphorus 
application. There is considerable loss of top soil due to erosion and glaciers. Therefore, 
soil erosion and water management are important problems of the zone. Because most 
of the area remains snow covered for almost half of the year i.e. from November to 
March, so there is only one season for crop cultivation i.e. April to October. Major crops 
grown in this zone are wheat, potato, barley, buckwheat, peas, minor millets, kuth and 
temperate vegetables. Apples, grapes, almonds, walnuts and apricot etc. are the main 
fruits of this cold dry and highland area. Some of the areas of this zone are highly 
suitable for quality potato seed and temperate  type of vegetables. Other major crops are 
barley and buckwheat. High value crops like kala zeera, hops, cumin and saffron are 
also grown in this zone. The zone is characterized mainly by dry alpine range. 
 
Zones: This zone is further sub divided into three zones, namely, zone 4.1, zone 4.2 and 

zone 4.3. Zone 4.1 is delineated for elevation 2501 m to 3250 m which remains mostly 

dry, zone 4.2 for elevation 3251m to 4250 m whereas zone 4.3 for elevation more than 

4250 m which remains snow covered respectively. Further these zones are interacted 

with basic spatial profiles of elevation, temperature, and soils which give detailed 

visualization of these parameters zone-wise.
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Fig 5.36:  Zone 4 – High Hills Temperate Dry 
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Zone 4.1  
Zone 4.1 (Fig 5.37) lies between an elevation of 2501-3250 m amsl and rainfall greater 

than 1500 mm. The total area of this zone is 4616 sq. km. which is 8.3% of total 

geographical area of Himachal Pradesh. This zone comprises of parts of tehsils viz., 

Salooni, Churah, Pangi, Chamba, Bharmaur, Holi, Sihunta, Bhattiyat (Chamba District), 

Baijnath, Palampur, Dharamshala, Shahpur, Multhan (Kangra District), Jogindernagar, 

Padhar, Balichowki, Thunag, Chachiyot, Nihiri (Mandi District), Manali, Kullu, Sainj, 

Banjar, Ani, Nirmand (Kullu District), Nichar, Sangla, Moorang, Poo, Kalpa, Hangrang 

(Kinnaur District), Rajgarh, Nohra (Sirmaur Distrcit), Rampur, Chirgaon, Dodrakwar, 

Jubbal, Rohru, Tikkar, Kothkhai, Nankhari, Kumarsain, Seoni, Theog, Chaupal, Cheta, 

Nerwa (Shimla District), Udaipur, Lahual (Lahul-spiti). 

 
 

 
 
 
 

Figure 5.37: Zone 4.1 
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Elevation Distribution of Zone 4.1 
 
 
The elevation of zone 4.1 varies from 2501-3250 m amsl (Fig 5.38). Majority of the areas 

of this zone are sloppy lands. The land forms are mid hills to high hills. 

 
 
 
 

 
 
 
 
 
 

Figure 5.38:  Elevation Distribution of Zone 4.1 
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Temperature Distribution of Zone 4.1 
 
 
The mean annual temperature of zone 4.1(Fig 5.39) is approximately 90C -200C. The 

majority area experiences temperature between 15.50C -200C. The climate of this zone is 

dry temperate type. 

 
 

 
 
 

Figure 5.39:  Mean Temperature Distribution of Zone 4.1 
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Soils and Crops 
 
Fig 5.40 gives the soil distribution within the zone 4.1. The soils are shallow in depth and 

the majority of the soils are light textured with sandy loam texture. Major crops are 

wheat, potato, barley, buckwheat, peas, minor millets, Kuth and temperate vegetables. 

Hops, Cumin and saffron also grow in this zone. Apple and temperate fruits are also 

grown in highland areas of this zone. 
 
 
 

 
 

Figure 5.40:  Soils Distribution in Zone 4.1  
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ZONE 4.2 
 
Zone 4.2 (Fig 5.41) lies between an elevation of 3251-4250 m amsl. The total area is 

7003 sq. km. which is 12.6% of total geographical area of state. This zone comprises of 

parts of tehsils viz., Salooni, Churah, Pangi, Chamba, Bharmaur, Holi, (Chamba District), 

Baijnath, Palampur, Dharamshala, Shahpur, Multhan (Kangra District), Padhar, (Mandi 

District), Manali, Kullu, Sainj, Banjar, Nirmand (Kullu District), Nichar, Sangla, Moorang, 

Poo, Kalpa, Hangrang (Kinnaur District), Nohra (Sirmaur District), Rampur, Chirgaon, 

Dodrakwar, Jubbal,  Chaupal, (Shimla District), Udaipur, Lahual and Spiti (Lahul-spiti). 

 

 
 
 

 
 

Figure 5.41:  Zone 4.2 
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Elevation Distribution in Zone 4.2 
 
 
The elevation of zone 4.2 (Fig. 5.42) varies from 3250 to 4250 m amsl. Majority of the 

areas are sloppy lands sometimes punctuated by rock out crops. 

 
 
 
  

 
 
 
 

Figure 5.42: Elevation Distribution in Zone 4.2  
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Temperature Distribution in Zone 4.2 
 
The mean temperature of zone 4.2 (Fig 5.43) lies between the range of 8.80C -19.90C. 

The majority area lies in the range 13.20C -17.6 0C. The area under this zone is 

characterized as of dry temperate type climate.  

  
 

 
 

 

Figure 5.43: Mean Temperature Distribution in Zone 4.2 
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Soils and Crops 
 
Fig 5.44 gives soils classification. The soils of this zone are shallow in depth and sandy 

loam in texture. This zone has sloping lands and the soils have poor water holding 

capacity. Cultivated area under this zone is about 1 per cent of the total geographical 

area of this zone. Only one crop season from April to October is possible, because the 

majority of the area under this zone remains snowbound for the rest of the year. Apples, 

grapes, almonds, walnuts and apricot etc. are the main fruits of this cold dry region. The 

area is highly suitable for quality potato seed and temperate & European type of 

vegetables. Other major crops are barley and buckwheat. High value crops like Kala 

zeera and saffron are also grown in this zone.  

 
 
 

 
 
 

Figure 5.44: Soils Distribution in Zone 4.2  
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Zone 4.3 
 

Zone 4.3 (Fig 5.45) lies above an elevation of 4251 m amsl. The total geographical area 

is 19890 sq. km., which is about 35.74% of the total geographical area of Himachal 

Pradesh. This zone comprises of parts of tehsils viz., Churah, Pangi, Chamba, 

Bharmaur, Holi, (Chamba District), Multhan (Kangra District), Manali, Kullu, Banjar (Kullu 

District), Nichar, Sangla, Moorang, Poo, Kalpa, Hangrang (Kinnaur District), Rampur, 

Chirgaon, Dodrakwar (Shimla District), Udaipur, Lahual, Spiti (Lahul-spiti District). 

 

 
 
 

 
 
 
 

Figure 5.45: Zone 4.3 
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Elevation Distribution in Zone 4.3 
 
 
The elevation of zone 4.3 (Fig 5.46) varies from 4251-8368 m amsl. The majority area of 

this zone lies in an elevation range of 5000-7000 m. The value of 8368 m is an 

extrapolated value though the actual upper elevation value is about 7000 m.  

 
 
 
 
 

 
 
 
 
 
 

Figure 5.46: Elevation Distribution in Zone 4.3  
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Mean Temperature Distribution in Zone 4.3  
 
The mean temperature of zone 4.3 (Fig 5.47) lies between 8.70C -19.7 0C. The majority 

area of the zone lies in the temperature range of 13.10C -17.50C. The area under this 

zone is characterized as of dry temperate type climate. Only one crop season from April 

to October is possible, because the majority of the area under this zone remains 

snowbound for the rest of the year.  

 
 

 
 

 
Figure 5.47: Mean Temperature Distribution in Zone 4.3  
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Soils and Crops 
 
The majority of the soils of this zone (Fig 5.48) are light textured and unconsolidated 

sands and pebbles are frequently encountered in this zone. All lands are very sloppy and 

practically no cultivation is possible in this area. This zone has perennial glacial reserves 

and has high mountains passes. The area is characterized by dry temperate type 

climate. Buck Wheat, barley, minor millets and Kala zeera are grown in some areas of 

this zone, although the yields are very poor.  

 
 

 
 

 
Figure 5.48: Soils Distribution in Zone 4.3  
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5.1.4 Combined Agro-ecological Zones of Himachal Pradesh 
 
Fig.5.49 gives the combined map of four zones which have also been slightly redefined 

in terms of elevation keeping in view the effects of climate change taken place over the 

years and associated agricultural adaptations (Fig 5.49). Fig 5.50 is the combined map 

of all the nine zones of the existing four zones of Himachal Pradesh. It gives the criteria 

in terms of elevation and rainfall for each zone as well as area under each zone as 

legend. 

 
Remark 
 
Since the basic idea of redefining the agro-ecological zones is to separate areas with 

similar sets of potentials and constraints (homologous areas) for development. Zone 2.1 

and zone 2.2 reveal that though Palampur and Bajaura areas lie on same elevation but 

are entirely different from climatic point of view. Fig 5.51 clearly distinguishes these two 

areas and thus they fall in different zones now which were previously clubbed together in 

zone 2 in the National Agricultural Research Project (NARP) defined during early 

eighties. 

 

Agricultural Adaptations of New Zones  
 
The relatively flat area in the south western part comprising of zones 1.1 & 1.2 of the 

state lying between 240-1000 m is known for wheat, barley, rice and vegetable 

cultivation. In the next elevation, zones 2.1 and 2.2 lying between 1000 and 1500 meter 

and zone 3.1 between 1500 and 2500 meter; wheat, barley, rice, vegetable and 

horticultural crops such as tea, peach, pear, plum and apricots are dominant, while 

potato, cherry and walnut also perform best in these areas. Higher elevations between 

2500 and 3250 meter (zone 3.2 and 4.1) are suitable for minor millets, barley, apple, 

peas, potato, beans and high value cash crops (kala zeera, saffron, hops and kuth) and 

above 3250 meter (zone 4.2 and 4.3) pseudo cereals and only low intensity livestock 

breeding is possible. 
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Fig 5.49:  Combined Redefined Four Agro-ecological Zones of Himachal Pradesh
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Fig 5.50:  Combined Agro-ecological Zones of Himachal Pradesh
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Fig 5.50:  Combined Agro-ecological Zones of Himachal PradeshFig 5.51:  Depicting Palampur (zone 2.2) and Bajaura (zone 2.1) areas falling in different zones 
 

Zone 1.1 - 8201 Sq Km 
Elevation – 240 – 1000 mtr 
Rainfall – 700 – 1500 mm 

Zone 1.2 - 2059 Sq Km 
Elevation – 240 – 1000 mtr 
Rainfall – 1500 –2000 mm 

Zone 2.1 - 3770 Sq Km 
Elevation – 1000 – 1500 mtr 
Rainfall – 700 – 1500 mm 

Zone 2.2 - 894 Sq Km 
Elevation – 1000 – 1500 mtr 
Rainfall – 1500 – 3000 mm 

Zone 3.1 - 8207 Sq Km 
Elevation – 1501 – 2500 mtr 
Rainfall –  <= 1500 mm 

Zone 3.2 - 1010 Sq Km 
Elevation – 1501 – 3250 mtr 
Rainfall –  > 1500 mm 

Zone 4.1 - 4616 Sq Km 
Elevation – 2501 – 3250 mtr 
Rainfall –  < 1500 mm 

Zone 4.2 - 7003 Sq Km 
Elevation – 3251 – 4250 mtr 

Zone 4.3 - 19890 Sq Km 
Elevation –  > 4251 mtr 
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5.1.5  Production Domain by Approach I – an example    
 

Based on the criteria for wheat (Nov - May) - as elevation from 240 m to 2500 m (amsl), 

rainfall from 750 mm to 900 mm, temperature as optimum mean (15-25), Tmax (35), Tmin 

(4), soil as clay loam and landuse as cultivated land, suitable area for wheat has been 

calculated from the digital, scaled and geo-referenced data (Fig.5.52) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.52: Production Domain by Approach I – an example 
 
 
The suitable areas for other crops/vegetables can also be delineated from this database 

and methodology after framing suitable decision rules. This approach leads to a logical 

set of similar production domains that is a step further from the well known simple agro-

ecological zonation. 
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5.2 Approach II for AEZ 
5.2.1 Criteria 
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-DEM) and category II 

variable (climate-TPindex, biomass-NDVI) is used. Innovation in the approach used here is 

that the final result is a dynamic map containing all the information of those determinants 

which can be queried as required by specific planning problems.  

Fig.4.5 is used for DEM (amsl) and maps for NDVI (Fig. 5.53) and TPindex (Fig.5.54)  are 

derived below: 

NDVI  
This is a map with the Maximum Normalized Difference Vegetation Index (NDVI), which 

is a Remote Sensing derived index proportional to photosynthetic activity, biomass 

production and Leaf Area Index (Tucker 1979). The map is based on the maximum 

annual NDVI, which occurs just after the monsoon in September when aboveground 

biomass is peaking after the monsoon rains. Negative values are found in the snow clad 

mountain areas in the north-eastern part of the state. It clearly shows that NDVI zones 

follow the south-west to north-east elevation gradient. 

 
Figure 5 53: Maximum Normalized Difference Vegetation Index (NDVI) 
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TPindex  
The TPindex (Fig. 4.53) is derived through a combination of temperature range and 

precipitation. First of all, a temperature–rainfall index is calculated based on the 

maximum temperature (Fig. 4.10), minimum temperature (Fig. 4.11) and total annual 

precipitation (Fig. 4.8). The index is given 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 (Fig. 4.10), Tmin is the annual minimum temperature 

(Fig.4.11). 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 favorable climatic conditions for intensive agriculture. The mountainous part in 

the north-east has both low rainfall and a large temperature range resulting in low value 

for the TPindex (~ 0-8), which is unsuitable for pasture or crop cultivation (Quiroz et al., 

2000).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.54: Temperature Precipitation Index (TP index) 
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Further the TPindex is reclassified into 6 logical classes. The DEM value ranges were 

divided into six altitudinal zones. The third input layer is a map with the maximum 

Normalized Difference Vegetation Index (NDVI), its values are reclassified into 5 logical 

classes. These are given in Table 5.6. 

 

Table 5.6: Logical Classes of Climate Index, DEM and Productivity (NDVI) 

Class number TPindex DEM (m.a.s.l.) NDVI 
1 0 - 7 > 4500  
2 7 – 7.5 3250 -4500 -0.1 – 0.1 
3 7.5 – 8 2750 -3250 0.1 – 0.2 
4 8 – 8.5 1750 – 2750 0.2 – 0.4 
5 8.5 – 9 1250 – 1750 0.4 – 0.6 
6 9 - 14 0 - 1250 0.6 – 1.0 

 
These three reclassified themes are combined in Arc View GIS into a 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 following the methodology given in Fig 5.55. 

 

5.2.2 Methodology 
 

 
 
Figure 5.55:  Methodology Flowchart for Agro-ecological zonation through Approach II 
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5.2.3 Output - Dynamic agro-ecological zones 
 
Dynamic agro-ecological zones based on the overlay of the elevation classes, the NDVI 

classes and the TPindex classes have been generated (Fig. 5.56). In total 107 out of 

theoretically 180 combinations prevail in Himachal Pradesh. 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.  

 

 

 

 
 
 

 
 

Figure 5.56:  Dynamic agro-ecological zones by Approach II 
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5.2.4     Production Domain by Approach II – an example  
 
Let us assume a decision maker wants to make a rough spatial delineation of the spatial 

production domain of apples. Apple production is optimized between 2750-3250 meters, 

between a maximum NDVI of 0.1 and 0.4 within a TPindex range between 7.5 and 8.5. By 

using the GIS software the spatial domain where apples can be grown is delineated in 

Fig. 5.57 

 
1 0 0 0 1 0 0 2 0 0 K i l o m e t e r s

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.57: Apple Production Domain by Approach II 

 In the data impoverished mountain regions like Himachal Pradesh, the NDVI, which is a 

measure of productivity, although indirectly, is useful. The future climate change effects 

like shift of horticulture crops to higher altitudes (Partap and Partap, 2002) can also be 

taken care of. The special shift in production domains is discernable and would result in 

a new TPindex map, which could be used as input layer for new AEZ delineation and a 

shift in production domain can be visualized. In mountain regions this approach is also 

very effective for planning and effective decision making for productive agriculture. 
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CHAPTER 6   

Conclusions 
 

The study entitled “Agro-ecological zonation of Himachal Pradesh - Agriculture Systems 
Information Development at Micro-level” is planned to develop an interactive mountain 
specific methodology/ technique, for systematic analysis of scaled (spatial/temporal) 
geo-referenced data/ information which will allow for the delineation of logical 
homologous areas (known as agro-ecological zones) based upon elevation, climate and 
productivity (vegetation index). 
Both the administrative units – Districts and Tehsils are taken and data are collected for   
altitudinal variations, climatic parameters—rainfall and temperature using available 
literature, consulting various Government Departments, research institutions in the state 
and the Survey of India toposheets (1:50, 000 scale) as well as remote sensing data for 
deriving Normalized difference vegetation index (NDVI). A scaled, geo-referenced 
database is prepared and the spatial analysis is performed utilizing all the digital 
information.  
In the First approach, altitudinal zones are firstly delineated based on the criteria of 
altitudinal zones already available for western Himalayas and a digital elevation model 
was utilized for the State. Rainfall zones are prepared based on dry season periods and 
moisture availability periods for the entire state. The data from 55 meteorological stations 
spread over the entire state is used to prepare rainfall zones. Altitudinal and rainfall 
zones are then integrated and realistic agro-ecological situations are delineated covering 
the entire state. 
The entire state of Himachal Pradesh is divided into nine sub agro-ecological situations 
based on altitude and rainfall and the AEZ maps are prepared for these situations. These 
maps are more detailed, realistic and have minimum variability within the same zone. 
Further, elevation, temperature, rainfall and soils are delineated on each AEZ map. 
In the second approach, climatic (temperature-rainfall index), topological (DEM) and 
remote sensing datasets leading to productivity (NDVI) were used to create logical and 
dynamic agro-climatic zones (AEZ). The dynamic map can be queried to delineate 
production domains based on productivity, climate and altitudinal ranges and have an 
added value over traditionally static AEZ maps. 
These approaches 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. With the incorporation of these new tools, this dynamic AEZ 
shall help in making need based, demand driven and location specific policies for better 
agricultural planning in the state.  
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