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SPATIO-TEMPORAL ANALYSIS OF FORESTS

UNDER DIFFERENT MANAGEMENT REGIMES

USING LANDSAT AND IRS IMAGES

Sunil Nautiyal*

Abstract

Following the empirical study, cloud-free satellite data were used to study the

forests in multi-temporal dimensions. Use of remote sensing data with visual

observation/ground truth data is an advanced tool to study and understand the

development patterns of the forests.  Based on the vegetation index and land

cover map a sound development has been observed in the community conserved

forest (CCF) in comparison to other forests of the region. Community-based

conservation would contribute to new conservation approaches that facilitate

achieving the goal of sustainable landscape development in the mountains of the

Indian Himalayan region.

Introduction

Every location on the earth at present is either directly or indirectly affected

by human activities as the world’s population has exceeded six billion.

Governments are now moving to take control over the forests and forest

resources for their conservation. A few decades ago, the concept of large

nature conservation areas such as national parks gained wide popularity

and this approach was functioning well, as it was implemented only in

minimum human influence areas. However, this approach has been

attracting more criticism when implemented in the areas with more human

influence, leading to conflicts between different interest groups ((Liu et
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al. 1999; Liu, 2001; Chen et al. 2005). Especially in developing countries,

the top-down approach for control of natural resources in the name of

conservation is being criticized and found as a main cause of conflict that

creates major hurdle for both conservation and development (Maikhuri

et al. 2001; Stefania 2001; Chen et al. 2005). Consequently, there are

increasing moves in many countries to gain a broader understanding of

the notion of protected areas and to include the areas of biodiversity

significance that are owned or controlled by communities with the areas

of governmental designed ones (IUCN, 2002; 2004). Studies in this

direction (Lewis et al. 1990; O’Connell-Rodwell et al. 2000) reported that,

in some countries, community-based management systems have been

established for restoring benefits. The customary laws set up within

communities, with which they are successfully involved in management

of forests and restoring the biodiversity, need to be incorporated with the

governmental schemes aimed at conservation and management of the

resources (Kothari et al. 1998; Pretty and Smith 2003). The empirical

study on different forest types (viz., traditionally conserved forest [TCF],

governmental conserved forest [GCF] and community conserved forest

[CCF]) was conducted to test the hypothesis “that how forest structures

differ from each other under above-mentioned conservation regimes and

as to which conservation programme yield more fruitful results”. With

the help of empirical study forest, conserved through community efforts

(CCF) was found to be diverse and rich followed by TCF and GCF. The

results of empirical study can only envisage the structure of the forests,

but not the development of the spatial dimension of the forests and

vegetation dynamics. In this endeavor analysis of remote sensing data

would significantly substantiate the findings as this is an effective tool for

mapping and characterizing the natural landscape and provides

opportunities to measure the biophysical parameters in multi-temporal

dimensions (Holz 1985; Lo 1986; Jensen 1996; Walkder et al. 1992;

Wang and Moskovits 2001). Study of this aspect would be helpful to
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emphasize better approaches for policy makers and decision makers in

the highly diverse but fragile landscape of the Himalaya. Therefore, the

objectives of this study are to complement, in-depth field study done in

the Himalaya of India and to try to determine significant conservation

approaches for forest ecosystem conservation under changing social,

cultural and political environment conditions in the Indian Himalayan

mountains.

Study area and climate

The present study sites are located in Pithoragarh (29o30’23”–29o32’17”N

and 80o9’51”–80o14’45” E), Chamoli (30o30’29”–30o33’25”N to 79o26’3”–

70o29’37”E) and Tehri (30o19’20”–30o22’15”N and 78o19’10”–78o21’30”E)

administrative districts of Uttarakhand. The study parameters are described

in Table 1. The forests types located in these three administrative districts

come under the category of Himalayan moist temperate forests as per

Champion and Seth’s (1967) classification. Three conservation regimes

for forest resource management are (1) traditional conserved forests,

(2) government conserved forests and (3) community conserved forests.

The traditional system of conservation, by which people have been

successfully conserving the forest resources with the belief in nature

worship inherited from their ancestors (Khumbongmayum et al. 2006),

here it is termed as traditional conserved forests (TCF). The forest located

in Pithoragarh district is the example of TCF. (2) The conservation approach

developed in a more scientific way and forest policies are implemented to

achieve conservation goals and termed here as government conserved

forests (GCF). Besides the most traditional (sacred) to new approach

(implementation of forest policies) other efforts are being continued for

the conservation and management of forest resources and here the name

for such kind of forest is given - community conserved forests (CCF).
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Table 1:  Some characteristics of studied Forests of Central Himalaya

Parameters Forests types

 Traditional Government Community
Conserved Conserved Conserved
Forest (TCF)  Forest  (GCF) Forest  (CCF)

Approximate area (ha) 1300 800 850

Aspect North North-west North

Altitude (m) 1600-2450 1800-2300 1500-1935

Slope (degree) 30-40 35-45 25-35

Forest types Mixed Mixed Mixed

Category of the forest Moist Temperate Moist Temperate Moist Temperate

Biotic pressure Moderate to high Moderate to high Moderate

Ground vegetation Dense Comparatively sparse Moderate Dense

Management regimes Traditional, socio- Government control Community rules
cultural

Characteristics of studied forests of the Central

Himalayas

• Traditional conserved forests (TCF): Traditional conserved

forests or sacred forests are the patches of climax vegetation

protected in the belief of keeping them “unmolested as biodiversity

of these groves are offered to local deities” (Ramakrishnan 1996;

Ramanujam and Kadamban 2001; Bhagwat et al, 2005, Negi 2005).

The beliefs pertaining to conservation of such forest patches have

been passed on to generation after generation. The TCF has been

identified in many parts of the world, generally inhabited by different

cultural groups and forming an integral part of the rural landscape

(Ramakrishnan 1996; Ramanujam and Kadamban 2001; Bhagwat

et al, 2005; Khumbongmayum et al. 2006). The number of sacred

forest/groves in India is estimated somewhere between 100,000 and

150,000 (Malhotra 1998) with about 600,000 villages in the Indian

countryside (Census of India 2001)—further details can be found in

Bhagwat et al. 2005. The TCF located in the Pithoragarh district of

Uttarakhand state is one such example of traditional conservation
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where people have fervently guarded their forest and biodiversity

for generations (Negi 2005).

• Government conserved forests (GCF): Generally these

forests are controlled by the forest department and the involvement

of villagers in management and conservation has been excluded.

Villagers adjacent to such kind of forests are required to seek the

permission from the forest department for using the forest resources.

This form of taking over the rich and diverse landscapes for

preservation and conservation of biodiversity and resources is

common all over the world since the establishment of the world’s

first national park “Yellowstone” in 1872 (Pretty and Smith 2004).

The 1878 Forest Act laid the legal basis for the demarcation of forests

as state property. The most commercially valuable tracts were chosen,

and often taken over from community ownership (Khare et al. 2000;

Taneja, 2001). The evolution of forestry policy in India is fully

described in Bandyopadhyay et al. (2005).

• Community conserved forests (CCF): In recent years,

community conserved forests have been recognized in more scientific

ways and have attracted the attention of conservationists, forests

researchers and environmentalist seeking to understand the theory

behind community-based conservation (Kothari et al. 1998).

Community-based conservation is built on the theory that the

conservation and development goals could be achieved

simultaneously, rather than making them separate from each other.

This is because that it is not necessary to have the same goal for

both – the community development objectives and the conservation

objectives (Berkes 2004).
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Methodology

The remote sensing data were used to analyze the developmental

pattern of the forests of different conservation regimes during the

last three decades. This study was undertaken soon after the structure

of the forests was studied based on the empirical study and received

a remark that the empirical study needed further research. Visual

observation with remote sensing data is a very good tool for

comprehending ecosystem studies (Wang and Moskovits 2001) while

emphasizing the interaction between anthropogenic and natural

resource systems in the past few decades. This gives geographic and

temporal information regarding land use and land cover change analysis

and is helpful to understand the extent of human dimensions on

environmental change and the outcome of human actions across the

landscape. The earliest cloud-free data for the study region were

rectified “Landsat [acquisition date 26-10-1972; 26-10-1979 (path/

row-156/039; Multi-Spectral Scanner-MSS); IRS (22-10-1992 (path/

row-027/046; Linear Imaging and Self Scanning-LISS-1); 23-10-2002

(path/row-145/039 Enhanced Thematic Mapper-ETM+ (path/row-145/

039)) to cover TCF and GCF and “Landsat (14-11-1972, 14-11-1979

(path/row-157/039; MSS) and 08-10-2000, 13-04-2005 (path/row-

157/039 ETM+)]” to cover the CCF. The image rectification was

completed and images rectified and restored manually using the ENVI

image to map registration method. A satellite differential GPS was

used in the field (accuracy ˜ 2 m) to collect geo-referenced information

for geometric correction of the satellite imagery using the ground

control points (GCPs). Easily recognizable landscape features—such as

confluence of the rivers, water channels, agriculture, village, different
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forest types—were recorded and used to correct the images with the

help of ArcGIS 9.0. An example of ground truth data for overlaying

vector on image is shown in Table 2. The ETM+ imagery of the region

was selected as a base map of the area. Once the coefficients for the

equations were determined, the distorted image coordinates for map

position could be precisely estimated, expressing this in mathematical

notation (Lillesand et al. 2004).

x = f1(X,Y)    y = f2 (X,Y)

where (x,y) = distorted-image coordinates (column, row);  (X,Y) = correct

(map) coordinates;

f1, f2 = transformation functions

After the geometric correction, the Normalized Difference Vegetation Index

(NDVI) was calculated while using the following formula (Rouse et al.

1974).

NDVI =
NIR – Re d

NIR + Re d
where “NIR” is value of Near-Infrared Radiation from a pixel. NDVI data

were used to develop the land cover maps.
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All the information generated here were interpreted with GCPs, field data,

field observation, in-depth knowledge of the area and plant communities.

With the help of ArcGIS 9.0, the ground truth data was converted into a

shape file and was overlaid on the image as a vector file precisely in

order to minimize errors in the categorization of land cover in the forest

areas. The decision tree classification was followed for forest cover

classification. The decision tree classifier performs multistage classifications

by using a series of binary decisions to place pixels into classes (Friedl

and Brodley 1997). The example is presented in Figure 1.

NDVI>0.45
node 1

Class 1 

Class 5Class 3

Class 6

{ndvi}
ge 0.25Class 2

{ndvi}
ge 0 

No Yes

No Yes No Yes

No Yes
No Yes

Class 4

Root

split

Leaf

{ndvi} 
ge 0.10

{ndvi} 
ge 0.20

Figure 1: Example showing decision tree classification procedure

(Nautiyal and Kaechele, 2007a)
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Results and Discussion

The empirical study showed that community conserved forest “CCF” is

comparatively richer at present. However, to emphasize any such

recommendation for the conservation approaches it is necessary to

generate the long history as to how such forest has achieved its current

state and structure. Remotely sensed data has considerable significance

for estimation of forest stand parameters with large areas—not only

through spatial transformation of results but also as an instrument to

analyze temporal development to provide research-based

recommendations (Sandstrom et al. 2003; Nautiyal and Kaechele 2007a).

In this endeavor remote sensing with multi-temporal data collection allows

one to perform integration more quickly and effectively (Wang and

Moskovits 2001; Singh et al. 2002). The advantage of this approach is

more noteworthy in missing historical ground data. The field-based study

done here in different forests under different conservation regimes

concluded that diversity and density are two important indicators for

assessment of the quality of natural forests. However, by using only field-

based data, it is hard to conclude the pattern of development of forests

conserved under different management regimes during previous years.

The output of remote sensing data analysis is able to show the changes

in vegetation index clearly at different points of time. The field-based

study supported this analysis by use of satellite data. Among all the studied

forests, the pixels of CCF are showing positive results with the passage of

time. However, the pixels of TCF and GCF showed negative results in the

vegetation index with increasing time period (Figures 2–4).
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Figure 2:  Vegetation index of TCF at temporal dimensions

Figures 2–4 are showing normalized diversity vegetation index values

of each studied forest at four points of time. From these results it is

clearly seen that NDVI values are decreasing with increase of time for

the traditional sacred forest “TCF” and the government forest “GCF”

(Figure 3 and Figure 4). During 1972 the forest cover of TCF was very

good as vegetation index was found to be very sound and the number
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of points for vegetation index value (>0.6) for this forest was noted

as being the highest. From 1972 to 1979 the vegetation index was

almost similar but it was noted that the number of points increased

with decreasing vegetation index. But for the period 1979 to 1992 it

was noted that the vegetation cover and dynamics had decreased to

a great extent and the value for vegetation index has been observed

to be 0.61, down from the value of 0.92. The vegetation index found

to have changed between 1992 and 2002, but not as negatively as

was noticed for the period of 1979 and 1992 (Figure 3).
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GCF 1992

GCF 2002

Figure 3: Vegetation index of GCF at temporal dimensions

For the GCF the change in vegetation dynamics was noticed as seen

for TCF with a very sharp decline in vegetation index for the period of

1979 to 1992. The vegetation index between 1992 and 2002 was

found changed for GCF but not as high as was found for this forest

between 1979 and 1992 (Figure 4). In contrast to TCF and GCF we

have found positive change in vegetation index for the CCF. The

vegetation index of CCF for the period of 1972 showed very poor

14
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vegetation cover in that forest with the value for the whole forest

being <0.2, an indication of poor vegetation cover. From the period of

1972 to 1979 it was noted that the index had increased. But

surprisingly, the vegetation cover of CCF from 1979 to 2000 and also

for the period 2005 was found increasing (Figure 4). Based on the

results presented in Figures 2–4 the vegetation cover map was

developed for the period of 1979 and 2002 for TCF and GCF and for

the period of 1972 and 2000 for CCF.

CCF 1972

CCF 1979
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CCF 2000

CCF 2005

Figure 4: Vegetation index of CCF at temporal dimensions

In the Himalayan region, besides providing economically valued resources

the forests are the basis for sustainability of agriculture as traditional

agriculture in the mountains is entirely dependent on the productivity

and quality of the forests. Hence, there is an urgent need to analyze the

demand on resources to meet the requirements of agricultural production.

Lack of awareness among the people; ecosystem degradation arising

from traditional practices of litter collection, for maintaining agricultural
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soil fertility and unsustainable harvesting; and overexploitation of the

resources such as fuel, fodder and timber are all threats to forest

biodiversity (Singh et. 1984; Pilbeam et. al. 2000). The conservation,

management and development of the forests and resource utilization

from these reservoirs are currently crucial issues in different parts of the

world. This needs additional attention as the forests of the mountains

equally affect the lowland landscape (Saxena et al. 2001; 2005). The

pressure on forests can be assessed by analyzing the use of their major

resource types such as collection of forest resources for fodder, fuel,

timber and use of leaf litter for preparation of manure; collection of plants,

mainly branches of trees, for fencing the agricultural crops and for

agricultural tools. At present it is difficult to quantify the resources from

the studied forests but the land cover classification can  help to visualize

and  understand the pressure on the abovementioned resources in the

forests of different conservation regimes. The vegetation index has

decreased for TCF and GCF due to a variety of reasons. Regarding TCF,

the empirical studies of this aspect indicates that changes in socio-cultural

and religious beliefs, and migrants with different cultural value systems

and beliefs, can adversely affect such kinds of traditional reservoirs—

consequently they are no longer noticeable as unscathed ecosystems

(Saikia 2006). Lack of awareness, restrictions on traditional usufruct rights

of the local people over the forest resources and overexploitation have

been identified as some of the main factors responsible for degradation

of the Himalayan forests (Sen et al. 2002; Wakeel et al. 2005).

Unfortunately, minimal efforts are being made to improve conservation

of the forests, such as TCF, especially if exploitation of the resources has

commenced from such previously untouched ecosystems.

From the land cover map of the studied forests the changes are

clearly seen. For example, the TCF forest was highly dominated by

Quercus–Rhododendron and Quercus patches till 1979 due to the
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strict protection given to preservation of the resources from this

reservoir and which have now started getting disturbed. When

comparing the classification results of 1979 with the classification results

of 2002 it is clearly be seen that most of such patches are being

removed and being converted into other class forms (Figure 5). The

land cover map developed here shows the conversion of dense canopy

to sparse canopy and invasion of pine population in the forest that is a

threat to the vegetation dynamics which were once part of the

unmolested ecosystem of the Central Himalayas. The picture shows

the same observation for GCF as patches of Quercus and Rhododendron

have been heavily exploited recently and there is increasing expansion

and invasion of conifer dominated patches and land mark shrubs with

few trees (Figure 6). However, this seems to be comparatively higher

in GCF than the TCF. The exploitation of these forests is an indication

of unsustainable forest management of the Central Himalayas. At

temporal dimensions the land cover map for CCF shows a very positive

result (Figure 7). The forest was once categorized as open land,

degraded sites, shrubs with few trees and only few small patches that

were covered by vegetation dominated by conifer trees (classification

results 1972 image). However, when comparing the results of 1972

with those of 2000, it can now be visualized that the CCF forest is

now fully covered by diverse vegetation. The development of forest

showed a very positive change at the temporal development and the

forest that was once totally degraded, has converted into very diverse

and rich forest of the Central Himalayas following community efforts

(Figure 7).
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Figure 5:  Land cover map of TCF at two paints of time.
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good vegetation cover with positive spatial expansion of vegetation

cover over an increasing time period. The degraded sites/open land in

TCF and GCF has increased over time. The value for these classes for

TCF was noted to have increased from 0.97 to 2.38 and for GCF from

0.45 to 2.75 for the period of 1979 and 2002 respectively. However,

these values have reduced greatly for CCF and presently remain at

only 9.09% of the land cover being open and degraded however, at

one stage during 1972 it was recorded at about 87%. These are very

surprising results and emphasize the positive aspect of the community-

based conservation for better management of the Himalayan forests.

The values for other vegetation classes are also increasing for CCF.

The spatial dimension of mixed tree vegetation classes has been

recorded to increase from up to 44.54% for CCF (Table 3). For GCF

the Quercus and Quercus–Rhododendron dominated patches, and

for TCF Quercus patches, have reduced to a great extent. The spatial

dimension for Quercus patches had shrunk from 38.52% to 11.21%

for TCF and 30.44% to 0.31% for GCF. The cover of Quercus–

Rhododendron dominated patches has reduced to 2.08% however,

once such patches provided about 16% of vegetation cover in CCF,

but for TCF this vegetation cover class has expanded by 3% in area

from 1979 to 2002. Consequently, the vegetation is dominated by

conifers (mainly pine) in this area. Studies have reported the degradation

of oak (Quercus) in forests that were managed by government forest

departments, but not in the forest managed by the communities

(Wakeel et al. 2005). Research results showed that a variety of factors

in TCF and GCF have been responsible for increasing the forest cover,

which is predominately dominated by pine. For the period of 2002 it is

noticed that 9.92% and 4.57% cover of GCF and TCF, respectively,

covering of vegetation dominated by pine. However, in 1979, 1.29%

and 3.41% of the forest was covered by vegetation dominated by

pine in TCF and GCF respectively. The forests of Quercus, which is a

late successional and climax species, when disturbed by various

anthropogenic means (i.e., lopping, cutting burning etc.) are invaded
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by the early successional species (light demanding species) such as

chir-pine (P. roxburghii) due to changed microclimatic conditions.

Opening of the canopy in oak forests provides an opportunity for early

successional light demanding pines (low nutrient demander and shade

intolerant species) to invade and this may be responsible for the

ecological imbalance of this region (Singh et al. 1984; Singh et al.

1997). Research results illustrate that the quality of TCF is still maintained

and managed and not in jeopardy. In a short span of time, however,

the decline in Quercus patches from these kinds of untouched

ecosystems warns of the need to think critically about the conservation

and management of resources of such forest patches in the Himalayas

of India. The overall results presented here reveal that the rate of

degradation in GCF is comparatively higher than that reported for TCF.

CCF is able to prove, in general, the positive aspect of the community

conservation regimes that need to be encouraged for Himalayan

landscapes (Table 3).

Table 3:  The spatial extent of different vegetation classes of the studied

forests of the Himalayas in temporal dimensions (all values in

percentage).

Forests

Vegetation Classes TCF GCF CCF

1979 2002 1979 2002 1972 2000

 Degraded sites 0.09 1.29 0.19 1.47 20.95 5.75

 Open land 0.97 1.09 0.26 1.28 66.40 3.34

 Shrubs with few trees 1.41 1.88 0.64 2.27 11.78 5.34

 Tree vegetation dominated by conifers 1.29 4.57 3.41 9.92 0.55 18.26

 Mixed tree vegetation sparse canopy 13.00 16.13 10.32 36.14 0.13 44.54

 Mixed tree vegetation dense canopy 31.91 48.11 38.94 46.53 0.16 22.21

 Quercus-Rhododendron dominated patches 12.81 15.72 15.8 2.08 0.00 0.039

 Old stock of Quercus patches 38.52 11.21 30.44 0.31 0.038 0.52
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The role of humans in conservation is an important factor in the debate

on rethinking conservation issues (Kothari et al. 1998; Berkes 2004;

Manuel-Navarrete 2006). In the conservation debate two poles are

recognized—preservation and sustainable continuum. At one extreme,

bans and natural science-based, top-down management for preservation

are used. At the other extreme is community-based, multidisciplinary

management for sustainable resource use and livelihood (Manuel-

Navarrete et al. 2006). More research is needed to develop the goal of

conservation and sustainable development. However, a top-down approach

for conservation has not got approval, particularly in developing countries

where human–ecosystem interaction is more complex (Nautiyal and

Kaechele 2007b). Understanding the impact of human behavior and

interactions between natural resources and the environment is a crucial

component in constructing effective management strategies (Roberts et

al. 2002) and helpful to provide a better approach to illustrate the complex

behavior of human–landscape interactions within a spatial framework of

the conservation objectives (Drogoul and Ferber 1995; Findler and

Malyankar 1995 Bawa et al. 2002; Zhang et al 2005). The main issue of

controversy in conservation and development is the dissimilarity in the

objectives of community development and objectives of the conservation

goal (Berkes 2004). Therefore, this is the point that requires rethinking

about how both goals could be achieved simultaneously. Remote sensing

data provide exceptional comparisons of vegetation cover and are able

to provide a quantitative tracking of the ecosystem health (Wang and

Moskovits 2001).

Developing a land cover map or vegetation mapping is a primary

requirement for creating a management plan and designing the activities

for resource use patterns. Methods are needed to quantify aspects of

spatial patterns that can be correlated with the scenario development

and changes in time (O’Neill et al. 1988; Turner 1990). This has greater

importance in view of the shrinkage and degradation in forest cover
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(Singh et al. 2002). However, the study on temporal dimensions of

this aspect is of great significance to understand the process and

pattern of development, as well as the human influence on forest

management. This study is an initiative to seek a way for better

conservation and management of the Himalayan forests for sustainable

development of the region in the context of the global agenda. The

results presented here may be helpful for policy makers and decision

takers to redesign and reframe the policies for the forest ecosystem

conservation and management in the Himalayas as these forests and

biodiversity are in jeopardy and facing rapid devastation. Current

research would encourage to rethink the approaches and mind-set

behind community-based conservation (Berkes 2004). The importance

of knowledge and values of local communities are being revealed as

valuable for conservation of biological resources. A variety of factors—

such as common rules, norms, reciprocity and exchange, trust and

involvement—in societies are what strengthen the social capital and

consequently the outcome of action of an individual achieve positive

goals towards the biodiversity conservation and management (Pretty

and Smith 2004).  Therefore, a form of ‘Fusion Knowledge’, neither

strictly local or traditional, nor external or scientific, may be most useful

in developing locally appropriate (in terms of culture and resources)

and adaptive systems of managing diverse biological resources (Brown,

2003).
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Conclusion

Various scientific studies done in the Himalayas have reported and

proved that there are many factors leading to substantial decline of

Himalayan forests. This is a threat at local, regional and national levels

and from the viewpoint of biodiversity, it has implications at the national

and global perspective. Estimation of spatial distribution of above-ground

biomass in forests using the remotely sensed data has considerable

significance for sustainable management and utilization of natural

resources. Hence, it would be helpful for better understanding the

theory behind each conservation regime to redesign and improve the

policies to be implemented in the Himalayas. Unfortunately, the problem

of forest resource degradation is emerging as a big problem in the

Himalayas where about 10% of land cover is protected towards the

goal of conservation and sustainable development. Therefore, there

is an urgent need to identify the proper means for conservation and

management of the Himalayan forests and to recognize which

conservation regimes is best suited for conservation. In this direction

the study done here would be helpful to promote significant approaches

to conservation of Himalayan forests and biodiversity. The empirical

study and remote sensing analysis at spatial and temporal dimensions

showed that community conservation (CCF) has led to an increase of

diversity and vegetation cover. Every conservation regime has its own

significance in view of particular objectives hence further research in

this endeavor is needed that would help in achieving the conservation

and development goal.
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