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Abstract 

Due to shifting cultivation, the overall structure and composition of ecological condition is 

affected, hence landscape study becomes important for maintaining ecological diversity and 

appropriate scientific planning of any area. Garo hills region of northeast India is suffering 

from Geomorphological risk like sheet erosion, landslide etc. due to the age old tradition of 

shifting cultivation in the fragile hill slopes aided by other anthropogenic activities. The 

present study was conducted to examine the role of shifting cultivation for deforestation and 

degradation with variant of slope and elevation to relate vegetation cover with slope and 

elevation in the Garo Hills landscape of Meghalaya using temporal remote sensing data of 

1991, 2001 and 2010. It revealed that there is decrease in dense forest and open forest during 

the 1
st
 decade while areas under dense forest and non-forest increased in 2

nd
 decade. This 

increased forest area is confined in the high slopes, which are inaccessible. The study shows 

increase in shifting cultivation near-about double fold in high slope and more than a double 

fold in the high altitudinal area in last decade, which is negative sign in terms of 

Geomorphological protection.  
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Introduction  

Shifting cultivation is regarded as one of the traditional methods for cultivation in 

hilly areas of tropical regions in which forest vegetation is cut and burned on site. The site is 

cultivated for food crops and when the final crop is harvested; the site becomes fallow and is 

allowed to regain its natural forest cover (Yadav, 2013; Momin, 1995). Shifting cultivation is 

considered to be well adapted in tropical climates and soils, and accessible to small farmers 

because of its low cost. To achieve balanced nutrients in traditional shifting cultivation 

systems requires long fallow periods, which are difficult to maintain in current context of 

strong demographic pressure (Lawrence, et al., 2010; Vielhauer, et al., 2004; Sommer, et al., 

2004). In North-East India, increasing human population density has resulted in the practice 
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of an unsustainable form of shifting cultivation that includes shortening of the fallow period 

as well as permanent conversion of forest to permanent agricultural land expansions. First, 

among the general and main causes of deforestation are human population pressure and an 

increasing demand of land for agriculture and timber products from forests (Cayuela, et al., 

2006), resulting habitat degradation, biodiversity loss, and ecological instability (Yadav, 

2011).   

Garo hills districts of Meghalaya are endowed with rich biodiversity in both term 

flora and fauna, with the increasing of population there is pressure exerted on these natural 

resources for the livelihood, as there is hardly any alternative available (Yadav, et al., 2013a). 

This unsustainable form of practices leads to soil erosion, runoff and loss of forest vegetation 

and threatens the survival of flora and fauna (Yadav, et al., 2013b; Bochet, et al., 2004).  The 

physical environment including climate, geology, topography, plant succession, and species 

extinction and evolution is often regarded as one of the most important factors controlling the 

heterogeneity of the landscape in mountain areas. On the other hand, runoff can change soil 

properties and the micro-geographical environment, vegetation growth, succession and 

vegetation distribution, which cause vegetation change (Huaiyu, 2010). Disturbances like 

shifting cultivation, landslide, floods, urbanization, forest fires, and ecosystem modification 

are responsible for deforestation and degradation. However, several studies highlight the 

negative consequences of shifting cultivation, including: greenhouse gas emissions, 

pulmonary illness caused by smoke, accidental damage or destruction of crops and homes 

(Ketterings and Bigham, 2000;  Frizano, et al., 2003; Denich, et al., 2005 Lawrence, et al., 

2010 Sarma, et al., 2013), loss of biodiversity, accelerated deforestation (Fearnside, 1991) 

accelerated loss of nutrients, soil erosion and mercury leaching into aquatic ecosystems 

(Farella, et al., 2006; Roulet, 1999).  

Land use and land cover (LULC) studies are an important module to understand 

global land status. It shows present as well as past conditions of the earth surface and it is a 

central component and strategy for managing natural resources and monitoring environmental 

changes (Yadav, et al., 2012 b). Forest cover changes are particularly related to increase of 

population, urbanization and intensive agriculture (Verburg, et al., 1999). On the other hand, 

demographic and socio-economic considerations also play a vital role in LULC and 

landscape pattern (Kammerbauer and Ardon 1999; Yadav and Sarma 2013). Land is 

becoming a scarce natural resource due to very high demand of agricultural products and ever 

increasing human population. Hence, information on LULC and possibilities of their optimal 

use is essential for the selection, planning and implementation of this resource to meet the 

increasing human demands. Landscape ecology is the study of patterns and structures across 

dynamic temporal and spatial scales. Spatial patterns observed in landscapes result from 

complex interactions between biotic and abiotic processes and disturbances that occur within 

environment (Turner, et al., 2001). As change occurs in the landscape, the overall structure 

and composition of the ecological community is affected, hence the importance of the study 

related to landscape is increasing for maintaining the ecological diversity. Among different 

environmental factors that produce landscape patches, slope and elevation are important 

parameters that provide varieties of topographical features.  Garo hills region of northeast 

India is severely affected by sheet erosion mainly because of the age old tradition of shifting 

cultivation in the fragile hills slopes aided by other anthropogenic activities. Shifting 
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cultivation is regarded as one of the main drivers of deforestation (Sarma and Barik, 2010). 

The heavy rainfall (3000 mm per annum) during summer accelerates the erosion rate in the 

areas which are free from vegetation cover. Vegetation is one of the major factors controlling 

soil erosion, while most soil erosion occurrences are due to removal of vegetation and topsoil 

(Bochet and Garcıa-Fayos, 2004). The practice of shifting cultivation is reported to account 

for 60 percent forest losses worldwide each year (Lele, et al., 2008). Vegetation and land 

characteristics of Garo hills are heavily influenced by jhum activities, which have greatly 

increased in recent decades with increase in human population, resulting in severe 

fragmentation of previously undamaged forest tracts (Singh, et al., 2011).  

The study of the slope is an important parameter as it not only provides the variety of 

topographical features but also provides evidence for the interpretation of complex form of 

the existing landscape and reflects the evolutionary history of the existing landscape 

(Fairbridge, et al., 1968). Slope determines the factors for soil development, soil loss due to 

weathering, mining operations or agricultural practices (Sarma and Barik, 2010).  Elevation 

pattern of landscape have been responsible for many factors like climate, isolation, species-

area effects, historic events and biomass productivity of landscape patches (Acharya, et al., 

2011; ICIMOD, 2001). Geospatial techniques have been used to monitor the land use 

changes and have an important role in study of biodiversity as well as in determination of 

natural resources (Yadav, et al., 2013b). Satellite remote sensing technology with multi-

sensor capabilities offers multi-scale information on landscape composition and configuration 

(Joseph, 2009). Geospatial technology has further improved the efficiency of mapping the 

LULC with respect to slope and elevation pattern at landscape level. Thus, integration of 

these techniques can form a potential tool for proper LULC mapping and change detection. 

Digital Elevation Models (DEMs) digitally demonstrate the earth’s surface and potential tool 

for terrain analysis at the various spatial and temporal scales.  A DEM has been used to 

describe distribution of terrain components which contribute the spectral response, identify 

sites for field work (Walsh, 1987), geographically stratify training areas or homogenous 

regions (Franklin, 1990), and provide topographic normalization of Landsat imagery (Civo, 

1989). In the present study, DEM and Landsat imagery (TM and ETM) are integrated for 

Geospatial Modeling to assess Geomorphological risk for relentless shifting cultivation in 

Garo Hills of Meghalaya, north-east India. 

Study Area 

The study area belongs to biogeography zone 9B (north-eastern India) and occurs 

between latitude 25°9´ to 26°1´ N and longitude. 89°49´ to 91°2´E. Elevation ranges from 

100 to1500 m amsl. The Garo Hills of Meghalaya have three districts East Garo Hills, West 

Garo Hills and South Garo Hills. The highest point of Garo Hills is the Nokrek peak with an 

altitude of above 1412 meter. The southern face of the plateau is marked by deep gorges and 

abrupt slopes, at the foot of which a narrow strip of plain land runs along the international 

border with Bangladesh. The Garo Hills have many caves and lakes. All the principle rivers 

flow towards Bangladesh plains in the south and the Brahmaputra valley in the north and the 

west. The important rivers of the north group are the Kalu, Ringgi and the Didak. The 

important rivers of the southern group are the Bhogai, Dareng etc. The landscape of the 

region is mostly rolling plateau with extremely steep south-facing slopes (Fig. 1).   
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Figure 1: Study area map with various slope features  

Garo Hill’s societies are predominantly dependent on the forest resources for their 

livelihood. The mining activities have brought in the desired effect of economic growth but 

on the other hand, affected the environment in a variety of ways, which contributed to its 

degradation (Sarma and Yadav, 2013). People are depending on natural resources and also on 

meat (Hilaluddin, et al., 2005). Being relatively under-developed compared to other regions 

of the country, opportunities for alternative livelihoods are limited. Main land use classes of 

Garo Hills are protected area, managed forest and privately-owned Garo community land. 

The Government manages only 15% of total land in protected area and reserved forest. The 

remaining land belongs to local Garo communities, widely use for Jhumming and as source 

of non-timber forest resource. 

Materials and Methods 

To asses role of shifting cultivation for deforestation and degradation study temporal 

remote sensing imagery of 1991, 2001 and 2010 were utilized while for generating digital 

elevation model 2001 base year was considered (Table 1). The imageries were registered on 

1:50000 scale using relevant topographical maps of Survey of India (SOI) The GIS and 

image processing software used were ArcGIS 10, Erdas Imagine 2011 and Quantum GIS 1.6. 

Field verification was done during 1
st
 February to 11

th
 April 2012. Accuracy assessment of 

the classification scheme is given in Table 2.  
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Table 1:  Details of Landsat satellite imagery used for the study 

Path & Row 1991 

 

2001 

 

2010 

 

138  42 17 January 15 December 6 February 

137 42 17 January 11 February 30 January 

137 43 5 February 26 December 30 January 

 

 

Table 2:  Accuracy of assessment of supervised classification   

Year Overall classification 

accuracy 

Overall kappa statistics 

1991 87.36% 0.78 

2001 85.94% 0.77 

2010 92.19% 0.85 

 

Four LULC classes’ viz., dense forest (more than 40% canopy cover), open forest (10% to 

40% canopy cover), non-forest (less than 10%) and current jhum had been delineated for the 

study area (FSI 2005). For slope three categories of high (above 14 degree), moderate (6 to 

14 degree) and low (below 6 degree) were considered. For elevation high (above 900 m), 

moderate (300 to 900 m) and low (below 300 m) categories are fixed.  

Results and Discussion  

Area statistic trends of LULC in different slope and elevation categories in different 

years in Garo Hills are in Fig. 2 and 3.  It is found that in all the years the area under open 

forest (6,649 sq. km, 6,365 sq. km and 4,307 sq. km) has the highest coverage which is 

followed by non-forest area (2,155 sq. km and 2,846 sq. km) for 2001 and 2010. There was a 

decrease of 284 sq. km open forest during 1
st
 decade (1991 to 2001) and 2,058 sq. km open 

forest during 2
nd

 decade (2001 to 2010) while areas under non-forest increased by 641 sq. km 

and 1,591 sq. km respectively. The area of dense forest decreased in the 1
st
 decade (461 sq. 

km) and increased in the 2
nd

 decade (218 sq. km) Fig 2D and 3D (see in the graph of dense 

forest category). This may be due to the efforts put by government and other organizations 

who are working for the regeneration of the natural forests of Garo Hills. This increase is 

found mostly in the moderate and high slope areas. Loss of open forest areas was found in all 

the slope categories where highest loss found was in low slope category of both decades. 

Similar trend is followed by non-forest areas.  

The high slope and elevation areas were not utilized for shifting cultivation in 1991 

but it reported in 2001 which is vulnerable in terms of sheet erosion. In fact the areas under 

shifting cultivation in the high slope areas increased during the 2
nd

 decade in considerable 

proportion (27 km
2
) (Fig. 2C and 3C) (see in the graph of 2C and 3C of shifting cultivation 

category). Maximum areas of dense forest are concentrated in the high (130 km
2
) and 

moderate (365 km
2
) elevation area which is mostly inaccessible. Open forests are dominating 

in the moderate and low elevation areas. Non-forest area was maximum in the low elevation 

areas. It is observed that in the high altitude area the current jhum increased by more than 

double fold during 2001 and 2010 (Fig 3C).  
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Figure 2: Area statistics of LULC in different slope (in Degree) category of Garo Hills, 1991 

and 2001 and 2010. 

 

 
Figure 3: Area statistics of LULC in different elevation (in meter) category of Garo Hills, 

1991 2001 and 2010. 

 

Change matrix result indicated high intensity of shifting cultivation which is moving 

toward high slope and elevation zone of landscape. Here, land use/cover change matrix was 
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categorized in eight class’s viz., dense forest to open forest, open forest to dense forest, open 

forest to current jhum, open forest to non-forest, current jhum to open forest, non forest to 

open forest, no changes and others (i.e. dense forest to current jhum, dense forest to non 

forest, current jhum to dense forest and non forest to dense forest) with respect to different 

slope and elevation categories. Conversion of dense forest to open forest occurred in all the 

slope categories. The alteration from open to dense forest predominated in the moderate and 

high slope categories. Maximum change from open to non-forest is in the slope categories of 

low and moderate. There was considerable change from current jhum to open forest mostly in 

the moderate slope category. The maximum change between dense to open and open to dense 

occurred in the moderate slope and elevation area. Changes in other categories from open 

forest are found mostly in moderate and low elevation areas. In these two zones changes only 

occurred from jhum to open forest (Fig. 4 A and B).   

 

 
(A) 

 
(B) 

Figure 4: Area statistics of change matrix in respect to slope (A) and elevation (B) of Garo 

Hills landscape year 1991-2001 and 2001-2010. 
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(A) 

 
(B) 

Figure 5: LULC in different slope (A) and elevation (B) categories for 1991 

 

 
(A) 

 
(B) 

Figure 6: LULC in different slope (A) and elevation (B) categories for 2001 
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(A) 

 
(B) 

Figure 7: LULC in different slope (A) and elevation (B) categories for 2010 

 

 
(A) 

 
(B) 

Figure 8: Change matrices during 1991 and 2001 in terms of slope (A) and elevation (B) 

categories 
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(A) 

 
(B) 

Figure 9: Change matrices during 2001 and 2010 in terms of slope (A) and elevation (B) 

categories. 

The forest cover map with different slope and elevation category for 1991, 2001 and 

2010 are presented in the Fig 5, 6 and 7 and the change matrix of each LULC classes during 

the two decades in Fig. 8 and 9. Result of the study showed that dense forest is confined 

mostly to the inaccessible areas whereas the other three types fall mainly in the moderate and 

low slope and elevation range. The primary forest of the landscape have been devastated to a 

great extent by age old tradition of shifting agriculture which is extensively practiced in the 

hilly regions of northeast India (Ramakrishnan, 1992). In the present study, the proportion of 

open forest and non forests increased with decrease in slope. These areas represent a mosaic 

of degraded landscape owing to the low slope of the area. This finding is similar to an earlier 

study (Susana and Mario, 2004), who reported that deforestation may be widespread in areas 

where slopes are relatively gentle. There is general trend in mountain ecology that with 

increasing altitude there exists good ecological conditions (Hamilton, et al., 1999). This 

criterion is fulfilling in the present study. The findings of the present research reflect the 

similar results of (Ramesh, et al., 1997) who concluded that deforestation process 

characterized by removal of the smallest and most accessible forest patches, followed by 

other developmental and livelihood activities. People even go for shifting cultivation for their 

livelihood in the areas where consequences could be vulnerable in environmental protection 

point of view (Sarma and Barik, 2010). Deforestation may be widespread in an area where 

slope is relatively mild in nature (Semwal, et al., 2004). Their finding is very much 

supportive to the present research. Whereas, studying relationships between geomorphology 

and tree density revealed all type of trees in all slope categories but density was high in the 

stable landforms despite slope variations (Smith, et al., 2005). 
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Conclusions 

Geomorphological risk for relentless shifting cultivation in Garo hills concept 

emphasizes landscape fragmentation, risk of sheet erosion mainly because of age old shifting 

cultivation and connectivity issue that motivates modern notation of biodiversity 

conservation. The study presented here introduced landscape dynamics design metrics within 

spatial optimization framework. The design framework is motivated by analysis of 

deforestation landscape driven by incremental forest patch removal- underlying dynamic 

attribute to tropical deforestation in aspect of slope and elevation. Vegetation is one of the 

major factors controlling soil erosion, while most soil erosion and runoff occurs due to the 

removal of vegetation and topsoil. The threats of soil runoff and soil erosion due to jhumming 

can affect the vitality of native vegetation due to loss of necessary nutrients and soil features 

needed for their natural survival. Change matrix result indicates dynamic character of 

landscape. To achieve balanced nutrients in traditional shifting cultivation system require 

long fellow period, which are difficult to maintain in current context of strong demographic 

pressure.  The districts have witnessed the conversion of forests to other non-forest areas 

during the last decade. This alteration needs to be checked immediately.  

References 

Acharya, K. B., Sanders, J. N., Vijayan L. & Chettri B., 2011. Distribution pattern of trees  

along an elevation gradient of Eastern Himalaya, India,” ActaOecologica, vol. 

37, pp. 329-336. 

Bochet, E. & Garcı´a-Fayos, P., 2004. Factors controlling vegetation establishment and water  

erosion on motorway slopes in Valencia, Spain. Restoration Ecology 12, 166–

174.  

Cayuela, L., Rey Benayas, J. M., & Echeverria, C., 2006. Clearance and fragmentation of 

tropical montane forests in the Highlands of Chiapas, Mexico (1975–2000). 

Forest Ecology and Management 226, 208–218. 

Civo, D. L., 1989. Topographic Normalization of Landsat Thematic Mapper Digital Imagery,   

  Photogmmmetric Engineering. Remote Sensing 55 (9): 1303-1309. 

Denich, M., Vlek, P.L.G., Sa, T.D.D., Vielhauer, K. & Lucke, W.G., 2005. A concept for the  

development of fire-free fallow management in the Eastern Amazon, Brazil. 

Agriculture, Ecosystem and Environment 110, 43–58. 

Fairbridge, R. W., 1968. The encyclopedia of geomorphology. Encyclopedia of earth science  

  series. Reinhold Book Corporation, New York 3, 1295. 

Fearnside, P. M., 1991. Deforestation and agricultural development in Brazilian Amazonia,  

 Deforestation and agricultural Amazonie Bresilienne 27, 235–253. 

Forest survey of India, 2005. State of forest report. Forest survey of India, Ministry of  

 environment and forest,” Dehradun. 

Franklin, S. E., 1990. Topographic Context of Satellite Spectral Response. Computers and  

 Geosciences16 (7): 1003-1010. 

Frizano, J., Vann, D.R., Johnson, A.H. & Johnson, C.M., 2003. Labile phosphorus in soils of 

in tropical forest resilience: constraints on the sustainability of shifting 

cultivation across the globe. Biotropica 42, 21–30. 

Hamilton, L. S., Gilmour D. A., & Cassels D. S., 1999. Forêtsetsilviculture en montagne.  



International Journal of Environment  ISSN 2091-2854                 102 | P a g e  

 

In: Uneprioritépour undéveloppement durable,” (Eds. Messerli, B.; Ives, J.D. 

and Les, M.D.L.M) Grenoble, France, pp. 249–278. 

Hilaluddin, Kaul, R. & Ghose D., 2005. Conservation implications of wild animal biomass  

extractions in Northeast India.  Animal Biodiversity and Conservation 28 (2): 

169–179. 

Huaiyu, W., Fuli, Z. & Hong, H., 2010. Research progress of the impact of forest vegetable 

change on river runoff in china,” Forestry Science and Technology 

Information 42(1): 8-11. 

ICIMOD, 2000. Land policies, land management and land degradation in the Hindu Kush  

 Himalayas Nepal Study Report, Kathmandu Nepal. 

Joseph, G., 2009. Fundamentals of Remote Sensing. University Press (India) Private  

 Limited, 387-390. 

Kammerbauer, J., & Ardon, C., 1999. Land use dynamics and landscape change pattern in a 

typical watershed in the hillside region of central Honduras. Agriculture, 

Ecosystems & Environment 75, 93–100. 

Ketterings, Q.M., Bigham, J.M., 2000. Soil color as an indicator of slash-and-burn fire 

severity and soil fertility in Sumatra,Indonesia. Soil Sci. Soc. Am. J. 64, 1826–

1833. 

Lawrence, D., Radel, C., Tully, K., Schmook, B. & Schneider, L., 2010. Untangling a decline  

population pressure: The case of Java. Global Environmental Change 9, 303–

312. 

Lawrence, D., Radel,  C. K., Tully, Schmook, B. & Schneider L., 2010. Untangling a decline  

on tropical forest resilience: constraints on the sustainability of shifting 

cultivation across the globe, Biotropica 42, 21-30. 

Lele, N., Joshi, P. K. & Agrawal S. P., 2008. Assessing forest fragmentation in northeastern  

region (NER) of India using landscape matrices. Ecological Indicators 8, 657-

663. 

Lucotte, N. M., Davidson, R. & Daigle, S., 2006. Mercury release from deforested soils  

triggered by base cation enrichment. Science of The Total Environment 368, 

19–29. 

Momin, K. C., 1995. Traditional jhum-based economy of the Garos and its changing patterns, 

  In:Hill Societies, Their Modernisation: A Study of North East With Special  

Reference to Garo Hills. Sangma MS (ed.)-Omsons Publications, New Delhi, 

India, pp. 103-109. 

Ramakrishnan, P. S., 1992. “Shifting agriculture and sustainable development: an  

interdisciplinary study from northeastern India,” UNESCO-MAB Series, 

Paris, Parthenon Publication, Carnforth, Lancs, UK, pp. 424. 

Ramesh, B. R., Menon, S. &  Bawa K. S., 1997. A vegetation based approach to biodiversity  

gap analysis in the Agastyamalai region, Western Ghats, India,” Ambio, Vol. 

26, no. 8, pp. 529–536. 

Roulet,  M., Lucotte, M., Farella, N.,  Serique, G.,  Coelho, H., Passos, C. J. S.,  da Silva, E.  

D., de Andrade, P. S., Mergler, D., Guimaraes, J. R. D. & Amorim M., 1999. 

Effects of recent human colonization on the presence of mercury in 

Amazonian ecosystems,” Water Air Soil Pollution vol. 112, pp. 297–313. 

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CEkQFjAC&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00489697%2F420&ei=cyb5UZ6JGcjIrQerlIDICA&usg=AFQjCNHPGjuHfRJ2NnQ-xfq_KZKY5wIn2Q&sig2=Y4kkQjGeXk0Itd972Z1idQ


International Journal of Environment  ISSN 2091-2854                 103 | P a g e  

 

Sarma, K. & Barik S. K. 2010. Geomorphological risk and conservation imperatives in  

Nokrek Biosphere Reserve, Meghalaya Using Geoinformatics.  NeBIO 1(2): 

14-24. 

Sarma, K. & Yadav P.K. 2013. Relentless Mining in Meghalaya, India. Conservation Science  

  1(1): 5-12. 

Sarma, K., Yadav, P.K. & Sarmah, R.K. 2013. Landscape Dynamics in Relation to Slope and  

  Elevation in Garo Hills of Meghalaya, North East India using Geospatial  

  Technology. Global Journal of Human Social Science (BD) 13(2): 17-25. 

Semwal, R. L.,  Nautiyal, S., Sen, K. K., Rana, U., Maikhuri R. K., Rao K. S., & Saxena, K. 

G., 2006. Patterns and ecological implications of agricultural land-use 

changes: a case study from Central Himalaya, India.  Agriculture and 

Ecosystem Environment 102, 81–92. 

Singh, B.,  Phukan, S. J., Sinha, B. K., Singh V. N. & Borthakur, S. K.  2011. Conservation 

Strategies for Nepenthes Khasiana in the Nokrek Biosphere Reserve of Garo 

Hills, Northeast, India. International Journal of Conservational Science 2(1): 

55–64. 

Smith, S. Silva, J. F. & Fariñas M. R.  2005. Geomorphology, soil texture and tree density 

 in a seasonal Savanna in eastern Venezuela, Ecotropics 18 (1): 21-29. 

Sommer,  R., Vlek, P. L. G., Sa, T. D. D., Vielhauer, K.,  Coelho, R. D. R. & Folster H. 2004.  

  Nutrient balance of shifting cultivation by burning or mulching in the Eastern  

Amazon evidence for subsoil nutrient accumulation, Nutrient Cycling in 

Agroecosystems,  68 (3): 257–271. 

Susana, O. & Mario G., 2004. Land use and deforestation in the highlands of Chiapas,  

  Maxico. Applied Geography 20, 17-42. 

Turner, M.,  Gardner R.  & O'neill R., 2001. Landscape ecology in theory and practice,  

 pattern and process.  New York: Springer-Valeg . 

Verburg, P. H., Veldkamp, A., & Bouma, J., 1999. Land-use change under conditions of high 

forest fallows and primary forest in the Bragantina Region, Brazil. Biotropica 

35, 2–11. 

 Vielhauer, K., Denich, M., Kato, O. R.,  Socorro, K. M., DeAbreuSá, T. D.& Vlek, P. L. G.,  

2004. Viability of Mechanized Chop-and-Mulch as Soil Improving Alternative 

to Manual Slash-and-Burn Land Preparation, Rural Poverty Reduction through 

Research for Development. Deutscher tropentag, Berlin. 

Walsh, S., 1987. Variability of Landsat MSS Spectral Responses of Slope Aspect Effects in  

Synthetic Aperture Radar Imagery,” Cana- Forests in Relation to Stand and 

Site Characteristics, International Journal of Remote Sensing 11(1): 39-49. 

Yadav, P.K. & Sarma K., 2013. A Framework for Indigenous Community-Based Climate  

  Vulnerability and Capacity Assessment in the Garo Hills, North-East India. J  

  Biodivers Manage Forestry 2:3 

Yadav,  P. K.,  Kapoor, M. & Sarma K., 2012a. Impact of Slash-And-Burn Agriculture on  

Forest Ecosystem in Garo Hills Landscape of Meghalaya, North-East India, 

Journal of Biodiversity Management and Forestry 1(1): 1-6. 

Yadav,  P. K., Kapoor, M. & Sarma K., 2012b. Land use land cover mapping, change  



International Journal of Environment  ISSN 2091-2854                 104 | P a g e  

 

detection and conflict analysis of Nagzira-Navegaon corridor, Central India 

using geospatial technology,” International Journal of Remote Sensing and 

GIS 1 (2): 90-98. 

Yadav, P. K., 2013. Slash-and-burn agriculture in north-east India. Expert opinion on  

  Environmental Biology 2,1. 

Yadav, P. K., Sarma,  K. & Dookia S.  2013b. The Review of Biodiversity and Conservation  

Study in India Using Geospatial Technology, International Journal of Remote 

Sensing and GIS, 2 (1): 1-10. 

Yadav, P. K., Sarma, K., & Kumar R.,  2013a. A frame work for assessing the impact of  

urbanization and population pressure on Garo Hills landscape of North-east 

India. International Journal of Conservation Science 4 (2): 212-222. 

Yadav, P. K., 2012. Landscape Dynamics in Garo Hills of Meghalaya, North East India using  

Geospatial Technology. M.Sc. Dissertation Thesis.-Guru Gobind Singh 

Indraprastha University, New Delhi India. 

Yadav, P. K. 2011. Change detection and conflict analysis of Kanha-Pench and Nagzira- 

Navegon corridor of centaral India, Using Geospatil Technology. M.Sc. 

Summer Internship Thesis.-Guru Gobind Singh Indraprastha University, New 

Delhi India 

  


