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CHAPTER/I 

2.1 LAND-USE/LAND-COVER CHANGE 

The antiquity of land-cover changes is reflected m their 

prominence in the early classics of environmental science. George 

Perkins Marsh's Man and Nature (Marsh 1864) was a, monumental 

assessment of data and theories, many dating back much earlier, on the 

effects of land-cover changes, particularly deforestation. Thomas (1956) 

argued that human driving forces play a key role to altered terrestrial 

ecosystems since, at least, the use of fire to hunt and the advent of plant 

and animal domestication. Such changes increased dramatically 

throughout the agricultural phase of history (Wolman & Fournier 1987), 

most strikingly in deforestation (Williams 1990) and the transoceanic 

moveme1;1t of species (Crosby 1986; Turner et al. 1994). These changes 

were of no small consequences, and yet in spatial scale, magnitude, and 

pace they pale in comparison to those produced by modem industrial 

society. Today, land cover change of many kinds are global in spatial 

scale and magnitude and rapid, if variable, in pace, some of them large 

enough to contribute significantly to changes in global biogeochemical 

flow. 

At a global scale, land-use changes are cumulatively transforming 

land cover at an accelerating pace (Turner eta!. 1994; Houghton 1994). 

These changes in terrestrial ecosystems are closely linked with the issue 

of the sust~inability of socio-economic development since they affect 

essential parts of our natural capital such as climate, soils, vegetation, 

water resources and biodiversity. Today, there is an increased recognition 

that lanq-1,.1se change is a major driver of global change, through its 
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interaction with environment and natural resources and even more 

importantly human activities. 

Larid-use and land-cover change is significant to a range of themes 

and issues central to the study of global environmental change. Over the 

course of 20th century, humans have emerged as a pr~mary cause of land 

cpver ~han~e around the world (Allen & Barnes 1985; Turner eta/. 1990; 

Whitby 1992). The widespread transformation of land is mainly through 

efforts to provide food, shelter and products .for human use. Land-use 

change is now recognized as an issue that is environmentally significant. 

The effects of land-use change and management are so significant that 

collectively they form one of the major environmental changes that are 

occurring at a global scale (Dale et a/. 2000). To understand human

induced change in land cover, therefore, requires an understanding of its 

underlying social causes (Houghton eta/. 1991; Lugo eta/. 1987). This is 

especially true considering that most of the Earth's land is already 

damaged. 

Glob~l inventories of arable land have started date back at least a 

century (Ravenstein 1890) and those of forest resources almost as far 

(Zon & Spartpawk 1923). Surveys of global change such as the World 

Rysources Institute reports and the recent volume The Earth as 

Transformed by Human Action (Turner 1990) assemble much historical 

and ·statistic~! material and outline the broad global and regional trend. A 

SCOPE Volume on Land Transformation in Agriculture (Wolman & 

Fournier 1987) cov~rs the principal agricultural impacts on land cover. 

Recently, efforts have been made to quantify the nature and extent of 

land-use/cover changes at a global scale. Richards (1990) estimated that 

over the last 3 centuries, the total global area of forests and woodlands 

ditnihished py 12x 106 million km2 (19%), grasslands and pasture declined 
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by 5.6x1Q6 1.11illion km2 (8%), and cropland increased by 12x106 million 

lq:p2 (466%). Such large changes in land cover can have important 

consequences such as significant changes in regional and global climate 

(Bonan 1999; Dickinson & Henderson 1988), modification of the global 

cycles of carbon, nitrogen and water (Houghton et a!. 1983) and 

increased rates of extinction and biological invasion (Vitousek et a!. 

1997). Change accelerated globally, in terms of both the conversion of 
I 

lands to cultiv~tion and the intensification of agriculture on land already 

cultivated. Despite recent deforestation in parts of the tropics for 

livestock production, the area of rangeland and pasture has remained 

virtually the same over the last 300 years (Richards 1990). 

Cropi~nd expansion will undoubtedly continue in the near future, 

but hind cpver modification, through increasing intensification of 

agriculture, is likely to be of greater importance than further land-cover . 

conversiOn (Ruttan · 1993). Southgate (1990) provides a simple 

illustration: rising interest rates or agricultural prices will increase 

deforestation ·because they provide an incentive for further clearing. Most 

of the prinie agricultural lands of the world, with the exception of some 

areas in the tropics, are already cultivated, and major increase in food 

production are likely to come from yield improvements on these lands 

through the application of fertilizers, pesticides and herbicides and 

irrigation. Irrigation of cropland has expanded some 24-fold over the past 

300 years, with most of that increase taking place in this century. This 

pra~tice ha~ increased methane emissions, while the increasing frequency 

qf land tillage world-wide has affected soil carbon (Cole et a!. 1989; 

Rozanou et a!. 1990). · / 

Despite the recognition of the magnitude and impact of global scale 

changes in land-use and land cover, there have been relatively few 
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comprehensive studies of these changes. Several continental-to-regional 

scale land-use data sets have been compiled. For example Houghton 

(1990) presents land-use data for nine continental-scale regions of the 

world. Richards & Flint (1994) have compiled a very comprehensive 

lap.d-use data base for south and south-east Asia. But no such data sets are 

available for the Hindu-Kush Himalayan region except for some patch 

stt+dies. 

A rapid transformation of land-use has led to environmental 

degradation and economic deterioration in the Himalaya, where majority 

of people are living just at or below the subsistence level (Thapa & 

Weber 1990). The ecological consequences and the level of degradation 

of the fragile ecosystems of the Himalaya are well perceived and 

addressed by many national and international organizations for promoting 

more effective conservation of natural resources. But it is disheartening 

that most of the projects/study have proceeded without adequate 

krtowledge of local land practices and environments. and, perhaps even 

more importantly, without an adequate understanding of the capabilities 

and limitations of the people within them (Stone 1990). 

The Himalaya, a region that holds the largest contiguous tropical to 

temperate forest in the world is going severe deforestation due to 

Gonsequences of land-use change (Shah 1982; Asish 1983; Bajracharya 

1983; Tiw~ri & Singh 1983; Fox 1984; Singh et a!. 1984; Schroeder 

1985; Moench & Bandyopadhyay 1986; Tiwari & Singh 1987; Byers 

1987a, b, c; KhanaT 1992; Rai et a!. 1994; Byers 1996). Large-scale 

deforestation in the region started since 1823 when the British decided to 

expand the amount of arable land, and by the late 1860s in central 

Himalaya cultivated land had more than doubled. During 1840s and 

1850s constituted the first era of large-scale uncontrolled deforestation to 
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meet the timber demands of the people (Trucker 1983). The commercial 

exploitation of forests has since continued along with the expansion of 

agriculture. Shah (1982) argue that continued population growth has led 

to more farinfng, and as a result the area under cultivation has increased 

at a rate of 1.5% yr"1 and the cattle population at a rate of 0.18% yr-1
• 

Singh et al. (1984) estimated that only 28.7% of the Indian central 

Himalaya is now forested, and that only 4.4% of the area has a forest with 

greater than 60% crown density. Conditions in neighboring countries are 

no better. Studies indicate that this will affect the increase of carbon 

dioxide in the atmosphere, regional hydrology and climate (Singh et al. 

1985). Therefore, a better understanding of land-use/cover change is 
I 

required for the carbon dynamics in the Himalayan watershed. 

2.2 HYDROLOGICAL STUDIES ON LAND-USE BASIS 

Human disturbanc~ of the water cycle is global phenomenons 

affecting both water fluxes and the transport and processing of sediments, 

carbon, and m.1trients in aquatic ecosystems. Net fluxes of nutrients to the 

ocean are likely to have increased by a factor of about two (Meyback 

1982). Although the riverine fluxes of total organic carbon (TOC), and 

sediments are known to be heavily affected by human activities at the 

regional scale, their changes at the global scale remain to be documented. 

High mountains that are tectonically active yield most sediment (Pinet & 

Souriav 1988; Milliman & Syvitski 1992; Ludwig et al. 1996), and about 

70% of the global fluxes is produced in Southern Asia and large Pacific 

Islands, ap. area dominated by mountainous source areas, rapidly 

in.creasing population, and land cover change (Milliman & Meade, 1983). 
, . ~ I 

Hydrological impacts of land-cover and land-use changes include 

changes irl water quality and water flows. Water pollution due to land

cover change ·stems from cultivation (by applications of fertilizers and 
16 
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pesticides) and settlement (sewage) (Meyer & Turner 1992). Changes in 

water quaHty .and flow associated with land transformation result both 

from deliberate withdrawals and from land-cover changes such as 

deforestatiqn. It is reported that deforestation, especially in highlands, 

increases the frequency and severity of flooding downstream and some of 

the most notable example is the Amazon basin (Sternberg 1987; Richey 

et al. 1989) and the Himalaya Mountains-Ganges Basin (Iv~s & Messerli 

1989). But there is no data available on global scale to indicate its 

magnitude and depletion rates on a land-use/cover basis (L'vovich & 

White 1990). Crosson (1990) for instance mentioned that' there is very 

little reliable information about the amount of soil erosion in the 

developing· countries and even less about its impact on productivity and 

water quality. 

Hydrological studies on land-use/cover basis in Himalayan region 

are very limited. Recently only a few attempts have been made to analyse 

the impact of land-use change on the hydrological regime of the region 

(Upadhyaya & Roy 1982; Tiwari & Ali 1987; Bhandare & Pandey 1991; 

Bhatt & Pfithak 1991; Rai & Sharma 1998a, b; Jain et al. 2000). There 

has been little attempt to link the observed data with land-use or land-use 

change in the Himalayan region. 

The hydrological regime of the Himalayan river catchments 1s 

seriously affected by the deforestation of hill slopes. This has caused 

accelerated erosion particularly in areas where human activities have 

ih~uped drastip changes in land-use pattern (Pandey et al. 1983; Singh et 

al. 1983; Carson 1985; Byers 1987a, b; Bartarya & Valdiya ~989; 

Valdiya & B~rtarya 1991, Rawat & Rawat 1994; Rai & Sharma 1995; 

Collins & Jenkins 1996; Rai & Sharma 1998a, b; Jain eta!. 2000; Sharma 

et al. 2001). Soil loss and degradation and sediment transport have 
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uqdoubtedly been increased greatly as a consequence of land-cover 

change. The recent survey shows that 44% of total land of the Himalayan· 

region is already identified under wastelands (Anonymous 2000). 

According to one estimate, nearly 85% of all agricultural land already 

suffers from severe erosion problems (Shah 1982). This problem is 

aggravated by population growth and land transformation especially road

building activities. The present rate of erosion in the catchment's areas of 

the Himalayan Rivers (100 cm/1000' years) is five times higher than the 

rate prevailing in the past 40 million years (21 cm/1 000 years) (Singh et . 

a!. 1984). It' can be seen that values of sediment load for the Hindu-Kush 

Himal~yan region exceed the world average by almost two folds (Alford 

1992). Therefore, the relationship between lanq-use/cover change and soil 

erosion and hydro-ecological process is an imperative for the Himalayan 

regiOn. 

2.3 ECOLOGICAL STUDIES IN FORESTS/ 

AGRICULTURE/AGROFORESTRY 

All over Himalaya, forests have been used traditiona.lly for meeting 

basic demands· (fuel, fodder, timber and NTFPs) of surrounding 

~'> . . communities. Disturbance has become a widespread feature in most of 

.A 
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the forests ail over the Himalaya (Singh & Singh 1987, 1992). During 

recent times, various forests have been investigated for their structure and 

function. Estimation of forest biomass is needed especially for the 

dytermination of·site productivity, nutrient cycling and energy potential 
• -=~ 

(Schmitt & Grigal 1981). The biomass and productive potential of the 

Himalayan and other forests' reports are available (Rodin & Bazilevich 

1967; Singh & Ramakrishnan 1982; Chaturvedi & Singh 1982, 1984; 

Negi eta!. 1983; Singh & Singh 1984, 1985; Singh eta!. 1984; Tiwari & 

Singh 1984; Rana et a!. 1989; Sharma & Ambasht 1991; Brown et al. 
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1991; Sin~h & Singh 1992; Sundriyal et.al. 1994a; Sundriyal & Sharma 

1996). It is argued that the amount of biomass at different locations in the 

forest varied due to differences in species composition. In Pinus 

roxburghii, the weight of each component of the tree (i.e., bole, branch, 

foliage, and root) increases with age, and the total above-ground biomass 

iri a 128-year old tree was 1939 kg (Chaturvedi & Singh 1982). In oak 

forest the wood biomass is 197.2 to 322.8 t ha-l (Negi eta/. 1983) in the 

Central Himalaya. The annual primary production equaled 8% of tree 

biomass in pine forest and 4% in oak forest (Singh eta/. 1984). Tiwari & 

Singh (1984) tried to map the forest biomass using aerial photographs and 

satellite images. Over a large area, the above-ground tree biomass ranged 

from less than 80 t to more than 400 t ha-1 depending upon the forest type 

and basal cover. Singh & Singh (1984a, b, c) have reported that in the 

Central Himalaya the biomass of a majority of forests (163-787 t ha-1
) 

falls well within the range (200-600 t ha-1
) given for many mature forests 

of the world (Whittaker 1966, 1970). Similar results were also reported 

by Sharma (1993) and Sharma & Ambasht (1986, 1987, 1991) for eastern 

Himalayan, forest. Lieth (1975) and Sharma & Ambasht (1987, 1991) 

concluded that the biomass is much affected by the age of the dominant 

plants and since the age differs among the forest, the relationship between 

productivity and the biomass is rather loose. 

Litterfall and its decomposition in the forest ecosystems has been 

extensively studied in the region (Subba Rao et a/. 1972; Singh & 
,.. 

Ramakrishnan 1982; Chaturvedi 1983; Rawat 1983; Mehra &- Singh 

1985; Upadhyay & Singh 1985; Upadhyay et a/. 1985; Sharma & 

Ambasht 1987). They reported that the annual litter fall ranges between 

2.1 and ~.8 t C ha-1 yr-1
• 
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In Himalaya, more than 80% of the populations have farming as 

primary livelihood. There are three basic farming systems, all of which · 

are livestock-based. Settled agriculture predominates at mid-hills between 

1000 and 2500 m elevation, and dependent on cattle. The majority of 

cultivation is rainfed, producing three crops every two years. Since the 

middle mountains support large number of people, the lands have 

undergone severe ecological degradation (Pandey & Singh 1984a, c; 

Singh et al. 1984; Rai, 1993). It is reported that the each unit of the 

agronomic energy produced entails about seven units of energy from the 

adjacent forests in terms of fodder, firewood and litter. Singh et al. (1984) 

reported that against the requirements of 5.18 ha of forest land per hectare 

of cultivated land, at the present level of agro-activity, the ratio of 

agricultural land to forest is only 1:1.66 and the ratio of agricultural land 

to well- stocked forest is only 1:0.84. Thus, the carrying capacity of the 

forests has already been far exceeded. 

The agroforestry systems in the Sikkim Himalaya can be 

categorized into two major types viz., large cardamom (Amomum 

subulatum Roxb.) based and multi-tier mandarin.:.based (Sundriyal et al. 

1994b). Sharma et al. (1994, 1997a, b) have described the large 

cardamom-based temperate agroforestry specifically with respect to 

biomass, productivity and nutrient dynamics as an effect of Nz-fixing 

Ainus. At iniddle hills of eastern Nepal, Alnus-cardamom intercrop was 

studied as a model highland agroforestry system (Zomer & Menke 1993). 

Large cardamom based agroforestry system is an age old practice and 

yield reduces substantially on aging of stands (Singh et al. 1989; Zomer 

& Menke 1993). Cardamom is adapted to local soil conditions with very 

low soil aqd nutrient loss from the system compared to other cropped area 

(Rai & Sharma 1998a). Sharma et al. (1994) reported that the use ofNz-
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fixing Alnus as an associate shade tree in cardamom agroforestry has 

been highly beneficial in terms of stand production, cardamom yield and 

m.ftrient cycling. · 

The oth¢r important agroforestry system in the Sikkim Himalaya is 

m~ndarin-basyd agroforestry system in the subtropical belt that comprised 

trees, mandarin and annual crops. Albizia trees are also grown in this 

agroforestry system. Sharma et al. (1995) reported that the stand total 

biomass, ttee biomass and basal area were higher under the influence of 

Albizia. Similar results were also reported by De Bell et al. (1989). The 

contribution of crop biomass was almost the same in both the Albizia

mandarin and pure mandarin stands. However, mandarin fruit production 

was higher (by 1.2 times) in the Albizia-mandarin stand (Sharma et al. 

199~). 

Studies on litter production and decomposition dynamics of 

managed agroforestry systems are limited. Tarrant et al. (1969), Binkley 

et al. (1992) and Sharma et al. (1997a) have reported much greater 

litterfall in mixed stands with N2-fixing associate than in stands 

containing only.non-N2-fixing trees. 

2.4· CARBON DYNAMICS 

Carbon dynamics depend on the land-use and land-cover change. 

The evaluation of carbon dynamics thus requires a detailed description of 

land-~se pattern and change both in time and space. Soil is the largest 

pool of terrestrial carbon in the biosphere, storing some 1500 Pg of 

carbop in f~~ ~pper meter of mineral soil~ which is about 2.5 times more 

than is cont~ined in terrestrial vegetation (Houghton et al. 1985; 

Schlesinget 1986, 1997; Eswaran et al. 1993; Batjes 1996; Batjes & 

Sombroek 1997; Jobbagy & Jackson 2000; Singh 2002). World soils 
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constitute one of the five principal global carbon pools. Th~ soil C pool 

~qmpri1;1es two components, the soil organic carbon (SOC) pool with 

1550 Pg of C in the top 1 m depth, and the soil inorganic carbon (SIC) 

pool containi11g 950 ·pg C. The organic C pool in the soil affects plant 

production and thus plays a key role in soil fertility and agricultural 

production management more than a century (Hilgard 1906; Jenny 1941; 

Tiessen et a!. 1994). 

The conversion of forests to agriculture and other human uses leads 

to a net release of carbon dioxide to the atmosphere (Likens et a!. 1970; 

Clarke 1982; Palm eta!. 1986; Houghton eta!. 1985, 1987, 1990, 2000; 

Houghton & Skole 1990; Singh et a!. 1991; Sitaula et a!. 1992, 1995; 

Wagai ~t a!. 1998; Malhi et a!. 1999). The land-use change that 

influences soil C storage and release within the tropics ~ail have larger 

implications for global C cycling (Olson et a!. 1983; Overpeck et a!. 

1991; Gramer & Solomon 1993; Hannah et a!.- 1994; Houghton 1994; 

Imhoff 1994) .. Changes in soil C following deforestation have become an 

international policy concern in terms of both sustained production at a 

local or regibnal scale (Tiessen eta!. 1994) and the global consequences 

relating to increased emissions of C02 from terrestrial systems (Houghton 

1991 ). Many important global and regional soil C budgets are available 

for some biomes (Schlesinger 1977; Post eta!. 1982; Singh eta!. 1985, 

1991; Eswaran et al. 1993; Kern 1994; Gupta & Rao 1994; Raich & 

Potter 1995; Batjes 1996; Woodwell et a!. 1998; Rastogi et a!. 2002; 

Bhadwal & Singh 2002), and a few have directly examined the effect of 

more subtly land-use changes on soil surface C02 flux (Wagai et a!. 

1998). These studies have shown that the carbon content on soils declines 

under agricultural use. The observed carbon losses in agriculture are 

c~used by low productivity levels, intensive tillage, inadequate 
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fertilization, removal of residuals and erosiOn and management is 

important for soil carbon dynamics. Improved land-use management is an 

essential prerequisite for carbon sequestration. It is estimated that the 

application of improved management practices could sequester 

worldwide between 400 and 800 Mt C yr-1 (Leemans 1999). 

Soil respiration is a major flux in the carbon cycle, second in 

magnitude to gross primary productivity, which ranges from 100-120 Pg 

C yr-1 and equal to· or greater than the estimated global terrestrial net 

primary productivity of 50-60 Pg C yr-1 (Box 1978; Ajtay et a!. 1979; 

Bolin 1983; Olson eta!. 1983; Houghton & Woodwell 1989). Despite its 

import~nce in the global carbon cycle, the magnitude of soil respiration as 

affected by different land-uses is poorly quantified. The global 

mobilization of carbon from soils and vegetation, estimated at 2-2.8x1015 

g C in 1989 (Houghton 1990), mainly results from changes in land-use in 

the tropics and represents 25-35% of carbon mobilization from fossil fuel. 

Global carbon dioxide concentrations have substantially increased from 

tije 111id-eiphteenth century to the present day, and C02 is expected to 

reach 600 ppm before the middle of the century (W oodwell 1983; 

Kimball's 1983). The reduction of original forest cover is one of the most 

important sources of C02 emissions into the atmosphere (Clarke 1982; 

Houghton 1990). Deforestation accounts for substantial release of carbon, 

one third of which could be due to oxidation of soil carbon in tropics 

occasioned by changes in land-use pattern (Sanchez et a!. 1983; Mann 

1986; Dalal & Meyer 1986; Bouwman 1990; Singh eta!. 1991; Batjes 

1992). Deforestation not only transfers carbon stocks directly to the 

atmosphere by combustion, but it also destroys a valuable mechanism for 

controlling atmospheric C02 (Jeffery 2001). 
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The CO:t emission through respiration, both by the vegetation itself 

and decomposition of organic matter increase with global warming 

(Grace & Rayment 2000). Deforestation may weaken the carbon sink 

provided by forests, and in long run the world's forests may eventually 

become a source of carbon to the atmosphere. Another study, Giardina & 

Ryan's (20p0) results corroborate and extend findings from Finnish soils 

suggesting that, over long periods of time (decades), decomposition of 

qrganic mlltter is not very sensitive to temperature. But the results of 

Valentini et al. (2000) which come from a network of C02 flux 

mea~urement stations set across the Europe's forests are even more 

surprising. Valentini and colleagues showed that respiration is a more 

important component of the carbon balance in northerly latitudes despite 

the low temperatures there, and that it is really respiration, not 

photosynthesis, that varies over the latitudinal band from Iceland to Italy. 

Grace & Rayment (2000) suspect about the Valentini and colleagues 

findings. They argued that carbon fluxes in the_ tropics are larger than 

those in temperate and northern forests. But there is not enough 

informatio:q. yet to comment on the long term effects of temperature on 

t4e carbon balance, and further data are needed to complete the global 

picture. 

Soils are sources and sinks of carbon both by changes in the carbon 

content per unit soil, (via assimilation and decomposition) and by the 

movement of soil itselfthrough erosion and deposition (van-Noordwijk et 

al. 1994). The rate of export of dissolved organic carbon is closely related 

to biomass productivity. Kabat et al. (2001) analyzed that it is not 

significantly affected by human activity at global scale, and is thus highly 

dependent on the state of vegetation, in tum directly controlled by 

humans through land-cover change and global climate. The global system 
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of rivers is increasingly being recognized as a major component of the 

biogeochemistry of our planet, as demonstrated nearly 30 years ago by 

the pioneering work of Garrels & Mackenzie (1972). Although riverine C 

fluxes form a minor component of the global carbon circulation, they are 

very sensi~ive to regional and global change as studied for many major 

world rivers within the SCOPE-Carbon programme (Degens et al. 1991; 

Meybeck & Vorosmart 1991). It is argued that future carbon transfers 

through river basins will be accelerated with respect to both sources and 

sinks. However, the final global trend is not yet known and the evolution 

of regional ·problems will probably show counteracting tendencies, 

making for an interesting and challenging global change question. A set 

of working scenarios for future river response to all global changes has 

already been proposed by Stallard (1998), taking into account various 

land-use practices. New global data bases are planned within the IGBP 

through PAGES, BAHC, and LOICZ programmes to estimate riverine 

c~rbon and allied biogeochemical constituent fluxes. (Voro~marty et al. 

1997). 

Possible adverse consequences of climatic changes resulting from 

increasing levels of atmospheric C02 have drawn attention to the 

inventory and dynamics of carbon in the biosphere (Chan 1982; Kellogg 

1982). Carbon exchange between the terrestrial ecosystems and the 

atmosphere is one of the key processes that need to be assessed in the 

context of the Kyoto Protocol (IGBP Terrestrial Carbon Working Group 

1998). 
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2.5 IGBP INITIATIVES ON LAND-USE/ COVER 

CHANGEANDCARBONCHALLENGE 

In rec~nt times the land-use and land-cover change is emerging as a 
' 

central issue within the international communities concerned with global 

environmental change as it not only has local and regional impacts, but 

also has important effects at a much larger scale (Richards 1990). For 
. ' 

exarpple, man-made changes in land-use over the last 150 years have 

contributed about as much carbon dioxide to the atmosphere as has come 

from fossil fuel combustion (Houghton 1999). Therefore, importance of 

this issue is attested by the emerging International Geosphere-Biosphere 

Programhie and the Human Dimensions Programme's Science agenda on 

land-use/cover change (IGBP-HDP LUCC) (Turner et al. 1993). There 

are many other international panels, workshops, and symposia devoted to 

the topic, i.e. 1991 Global Change Institute on Global Land-use/cover 

Change of the office of Interdisciplinary Earth Studies (Meyer & Turner 

1994); the 1993 Symposium on 'Land Use and Land·cover in Australia: 

Living with Global Change', and the 'South East Asian Global Change 

System for Analysis, Research and Training' (START) programme. This 

concern is driven by the facts that land transformations bring about a 

wide variety of global changes- including greenhouse gases and potential 

global warming, loss of biodiversity, and loss of soil resources and the 

regional impacts (IGBP 1998). 

The IGBP and IHDP jointly commissioned a core Project Planning 
·'"; 

Committee/Research Programme Planning Committee for land-use and 

land-cover Change (CPPC/RPPC LUCC) to create a science/research 

plan for a jointly sponsored LUCC core project/research programme. 

Simultaneously with the development of this, the demand for global land

use data base also einerged in the IGBP community. The evaluation of · 
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carbon dynamics under such land-use change . thus requires a detailed 

description of activitities both in time and space. Historic and current land 

cover and its land use have to be portrayed and changes have to be 

adequately monitored (IGBP 1998). The current availability of 

comprehensive data sets covering and integrating all these aspects is 

poor. This is one of the reasons that LUCC, GAIM, GCTE, and PAGES 

are prioritizing the development of a historic land-cover, and land-use 

database and simulating GCOS/GTOS to develop the necessary 

observatioqs for monitoring land-use/cover change for future. 

IGBP/IHDP-LUCC and IGBP-PAGES came together to take-up 

the challenge of providing the global change community with historical 

land-use data sets. PAGES, having participated in the BlOME 6000 

projects, have experience with historical reconstructions for 6000 years 

before present. A new joint PAGES-LUCC initiative, labeled BlOME 

300, was created to reconstruct historical land-use/land cover data sets for 

the last 300 years (1700 to 2000) with coarse time slices in the past (50-

100 years) and finer time slices in the later periods (10-25 years) 

(Ramankutty et al. 2001). LUCC is currently recognized as one of critical 

gaps in our knowledge of the terrestrial carbon cycle which in tum has 

itp.plicatio4s · · for the rate of greenhouse gas accumulation in the 

atmosphere a~d the potential climate change. 

The Global change and Mountain Regions Research Initiatives is 

based on geographical feature- mountain regions that may experience the 

impacts of the rapidly changing global environment more strongly than 

others (P}lrbhit 1991). Because of their unique characteristics and 

opportunities, various aspects of global change interactions with 

mountainous regions have already triggered significant activity amongst 

the research community. Within the IGBP the programme elements like 
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BAHC and GCTE have developed a number of activities related to 

mountainous regions (Becker et al. 1994; Chalise & Khanal 1996). AU 

these developments are related to and confirm the importance of chapter 

13 of Agenda 21 (the so-called "Mountain Agenda"), endorsed by the 

UNCED entitled "Managing Fragile Ecosystems- Sustainable Mountain 

Development", which also supports the need for further researches (Ives 

et al. 1997). BAHC and GCTE intend to provide the basic ,understanding 

of global change impacts on hydrology and terrestrial ecosystems that 

will underpin the impact studies undertaken by other groups, many of 

which will be working within the partner IGBP programme elements such 

as PAGES, LUCC (IGBP/IHDP) and through the START regional 

networks around the world. 

"Greenhouse gases", especially carbon dioxide, are intimately 

connected to climate change. The international scientific community has 

responded to this unprecedented carbon challenge by developing a ten

year Global Carbon Cycle Joint Project. This project is co-sponsored by 

the International Geosphere-Biosphere Programme (IGBP), the 

International Human Dimensions Pr~gramme on Global Environmental 

Change (IHDP) and the World Climate Research Programme (WCRP). 

The three programmes already worked together on some areas of carbon

cycle research. WCRP and IGBP work closely together on climate 

variability and have established a programme of ocean-carbon 

measurements. Recently, the IHDP and IGBP jointly sponsored a project 

on land..:use and land cover change, including its implications for the 

carbon cycle. The challenge of obtaining and disseminating global 

carbbn-cycle observations has been taken up by the Integrated Global 

Observing Strategy Partnership (IGOS-P). The ultimate goal is to 

understand the system well enough to make reliable projections of 
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carbon-cycle dynamics into the future. In the present study, an effort has 

been made to assess the impact of land-use and land-cover change on 

c~rbtm dynamics in a watershed basis, as it is considered as a functional 

unit in the mountain region with high implications for landscape 

management ljl 
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