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Abstract

It has long been felt that the sector, “ Forestry and Logging” in the National Income Accounts in India does not capture fully the contribution made by forests to incomes, livelihoods and human well-being. These contributions are reflected partly in the role played by collections of fuel wood and non-timber forest products in augmenting rural incomes and livelihoods. Further, consequent on recent developments in the literature on natural resource accounting, the forestry sector is viewed in a more holistic manner. Carbon sequestration by forests has become important through a recognition of its impact on containing the ill-effects of green house gas emissions on climate change.The emergence of  international carbon credit markets has resulted in the need for documenting the contribution of forests in this regard. 

This paper provides a methodology for taking into account some of  these hitherto largely unaccounted aspects of forests within the framework of  the current national income accounts. It also explores briefly what changes in that framework would be necessary to ensure that  recent developments and India’s commitments to the UN system of accounts can be adequately met.

I. Introduction

In a system of national accounts, sector specific production and income data help to provide aggregate estimates which fit into the double entry system of accounting and result in the following accounting identity:

            Aggregate demand = aggregate supply in an economy.  

It follows therefore that with respect to flows of production specific to a year from the production side,

           Gross Domestic Product = Gross Domestic Production - Intermediate Use

Also, from the expenditure side,

          Gross Domestic Product = Private Consumption Expenditure + Public Consumption 

          Expenditure + Gross Investment + Exports- Imports------(1) 

Further, for each sector contributing towards gross domestic production,

Current Production (of goods and services) = Intermediate Use + Final Consumption Use (domestically and in the rest of the world net of any imports)  + Use as Investment----(2) 

With respect to capital stocks, measured at the beginning and end of the year, usually only human made capital stocks,

         Closing Capital Stock = Stock at the beginning + Investments during the year - Capital Depreciation------------------------------------------ (3)

Since stocks, whatever the asset boundary that defines them are additive, the above equation shall hold for each sector, unless the stock in one sector accumulates at the cost of a reduction in stock in another sector, in the same time period.

The second assumption underlying the notion of income, as measure of welfare is that all activity contributing to economic welfare is measured by income as it is expressed in exchange. A number of economists have expounded at length on how this assumption is limiting and a large part of economic activity lies outside the purview of the market, nevertheless contributing to human well being. This has resulted in an extension of the production boundary to include production for self-consumption, in particular in the context of developing country agriculture.  Other extensions, following from conventions have now become standard fare in national income accounting practice.

It follows that what is or is not included within the production and asset boundaries is largely a matter of convention and keeps getting revised from time to time.  In estimating the contribution of a particular sector, such as the forestry sector to SNA then, we shall concentrate on equations (2) and (3) above, with a view to alternative production and asset boundaries 
 II Production and Asset Boundaries in the SNA (1993): 

The SNA (1993) forms the basis of national income accounts in India, as in a large number of other countries. The SNA defines production as  " an activity in which an enterprise uses inputs to produce outputs". However, the SNA covers all such activities carried out by an institutional unit. An institutional unit further is defined as " an economic entity that is capable in its own right, of owning assets, incurring liabilities and engaging in economic activities and in transactions with other entities".  Institutional units are either (i) persons or groups of persons in the form of households or (ii) legal and social entities whose existence is recognized by law or society independent of persons or other entities who may own or control them.

 In further defining production, SNA (1993) maintains that, "production encompasses all activities that produce outputs of a kind that can be delivered or provided to other institutional units, including itself.  Further, goods produced by any institutional unit, whether or not for self-consumption are invariably considered as production. On the other hand, services are included only if they are produced for other institutional units.

Both goods and services fall within the production boundary as defined by SNA, However, the production of services is by definition limited to activities that are capable of being carried out by one unit for another.

The production boundary is quite inclusive in the SNA system. It extends to include own-account production of goods and services of owner-occupied dwellings. However, domestic and personal services are included only when produced by paid domestic staff. With regard to own account production of goods, the definition of included goods is quite inclusive. So much so that storage of agricultural goods produced within the household is included as an extension of the production process. 

On balance, it seems that the production boundary is a matter of convention, and rightly so. To quote, " When the amount of a good produced within the household is believed to be quantitatively large when compared to the total supply of a good in a country, its production should be recorded.  If the amount produced is unimportant, it is not worthwhile to estimate it in practice". (SNA 1993)  The inclusion of illegal production within the production boundary of the system is a case in point.  Since in some economies, the parallel economy forms a considerable part of their production, it is included within the production boundary, even though it is difficult to obtain information with respect to it.

The earlier SNA 1968 defined the assets boundary to include produced tangible and non-produced tangible and intangible assets. As regards natural resources, the 1968 SNA included in principle natural assets within its assets boundary, though in a much less systematic manner. In practice, only livestock growth was recorded as an addition to a produced asset. Note that agricultural crops and fruits were only recorded when harvested and therefore not recorded as additions to produced assets. 

Extensions of the asset boundary were made in SNA 1993. It was maintained, however, that "only those natural assets over which ownership rights have been established and are effectively enforced can qualify as economic assets." They may be owned by individual units, collectively by groups or by governments.  Further, natural assets, to be included within the production boundary must be capable of "economic benefits" to their owners.   Following from the above two conditions, it is concluded that " the growth of trees, crops or other vegetation which take place under the direct control responsibility and management of institutional units are treated as produced assets in the SNA (1993)”.

From the above it follows that wherever and whenever governments, communities or individuals manage forest resources, and they bring economic benefit to their owners they are to be included in produced assets. There is however a qualification to the above which raises doubts. "... growth of uncultivated vegetation in forests is not an economic process of production; the resulting assets cannot be produced assets. Nevertheless, when the forests are growing in regions that are inaccessible and no institutional units are able to exercise effective ownership rights over them, they fall outside the asset boundary."

III  A Theoretical Structure for Forest-Economy Interactions

The principle ways in which forests interact with economies and which need to be provided for in a satellite account are:

1. Forests as a source of timber, renewable in the main but potentially depletable. It is usually harvested by government corporations or private loggers and used as an input in wood-based industries

2. Forests as a source of tangible non-timber forest products collected and consumed by households (e.g. fuel wood, resin, fruit, leaves, game, etc) but not always bought and sold in markets

3. Forests as a source of less tangible forest amenities consumed directly either in the present or future (bio-diversity related benefits)

4. Forests as a source of environmental services that benefit other productive sectors (e.g. watershed protection for downstream agriculture, forest based recreation and tourism)

5. Forests as a disposal site for air pollutants that may be damaging to forest health (acid disposition)

6. Forests as a sink and a source of carbon dioxide which potentially damages other sectors through global climate change (carbon sequestration)

7. Through deforestation, forests as a source of land for other sectors, in particular agriculture and urban construction

8. Forest management as an activity of the governmental and private sectors involving the use of variable inputs (labour and materials) and human capital 

Using the above comprehensive list of forest-economy interactions and defining forest related production in the context of output in the rest of the economy, Vincent (1999) defines the adjustments required to be made in NDP, conventional GDP and in the level of GDP.

While, the details of the theory are not reproduced here, we give below the kinds of adjustments, he suggests are to be included:

Adjusted NDP = Conventional GDP + Non-market Values to be added to GDP- Depreciation of human-made capital + Net accumulation of Natural Capital. 

Further, changes in the value added by industry and agriculture are to be made to allow for the contribution of the forestry sector to them. This is in the form of the contribution of forests to pollution disposal and carbon sequestration services, should they accrue to these sectors. Some carbon sequestration services would flow to the rest of the world as well.  

We find that the consensus at the international level is that: 

"Complete accounting of forest related economic benefits may turn out to be impossible in any single country. Making the adjustments every year might turn out to be impossible too.--- 

------- A pragmatic recommendation is to orient the accounting effort towards those values of forests that are of obvious economic significance now and are likely to remain so in the future and to prepare adjusted national accounts as a special product every few years"

(Vincent, 1999)

Integrating natural resources into such a system presents some difficulties. The production and asset boundaries as set up in SNA (1993) are somewhat limiting. Further, natural resources, both exhaustible and renewable, comprise the natural capital of the country and lead to an increase in its productive capacity, something that the asset boundary definition takes into account only partially.  In the present study, therefore, we shall attempt at setting up a satellite account for the forestry sector.  Satellite accounts are defined as being complementary to but outside the integrated SNA. While they may not fulfill all requirements of double entry based systems of accounting, they throw light on economy-environment relationships and provide guidelines for policy. A schematic description of satellite accounts attempted by other studies (See Kadekodi 2001 and Murty 2001) is reproduced below:

Figure 1:  Core and Satellite Systems and their Inter -Linkages

              CORE SYSTEM                  SATELLITE: FORESTS SECTOR 

	System of

National Accounts

(SNA)

Description of Economic Sectors
	Selection of Forestry Related Sectors from SNA

And their contribution to GDP: alternative methodology

Extension of Production Boundary

Contribution of Forestry based production of goods and services to GDP

	Capital Account: National Capital and Additions or Depletions from it

Depreciation Estimates to give NDP
	Extending the Asset boundary

Forest Stock as Natural Capital


The satellite account for the Forestry sector shall attempt to:

· Use a theoretical structure to determine adjustments to be made to GDP and NDP

· Set up methodologies for determining contribution of forest derived goods and services to GDP

· Account for asset creation in the forestry sector consequent on an extension of the asset boundary as suggested.

This paper examines the impact of extending some of the above-mentioned hitherto largely unaccounted aspects of forests within the framework of the current national income accounts. These are:

· The role played by collections of  non-timber forest products in  rural incomes and livelihoods, 

· The impact of viewing carbon sequestration as a contribution to human well being through its impact on containing the ill-effects of  atmospheric concentration of green house gases.

· The paper also deals with cost aspects of forest based economic activity. Following on the theoretical treatment of forest-based production as being of a joint nature, all costs are viewed in a composite manner in this chapter.

· We suggest extensions in methodology with estimates for non-timber forest products and carbon sequestration.

· We also follow up on the second postulate that the detailed forestry sector accounts be set up once in five years and account for costs and benefits of these flows on the basis of average expected costs to provide guidelines for policy

3.1 On Timber and Fuelwood 

Timber and fuel-wood are the two major forest products, which the CSO includes in its estimates of contribution of the forestry sector to GDP.  Adequate coverage of extraction is expected but does not always exist.  With reference to fuel-wood, this has been extensively commented on and illegal extraction of fuel-wood is now provided for by the data.

Data on extraction is reported in Forestry Statistics and is implicit in the CSO's estimates as well.  It consists of data on extraction of timber, rounded wood and poles. Forestry statistics data is however incomplete as extraction is not reported from some states. The coverage is also not uniform across states. These aspects need improvement. However, timber extraction, after 1990 shows a downward trend for the country as a whole. The reported extraction from different states has gone down from 4.039 million cubic metres to 2.101 million cubic metres. Note however, that for 1997-98, important timber extraction states such as the north-eastern ones are not reporting any production. Even after the ban on green felling above a certain altitude, these states must have had some timber extraction. 

The above is a very significant lacuna. To get over this, we shall recommend using a trend instead of the actual for value of timber extraction. Another important issue in this context is the question of whether current levels of extraction are sustainable. The FSI (1995) gives a figure of 0.5 cubic metres per hectare as sustainable extraction from forests managed for timber. However, area managed for timber is a part of Forest Working Plans and constitutes a part of planted as well as mature forests, depending on the plan. This area varies as between different parts of the country and also from year to year for the same Working Plan. At the All-India level, our estimates of plantations of different species more than ten years of age cover about 9 million hectares and should be able to yield about 4.5 million cubic metres of timber of different species.  This is in the neighbour-hood of extraction reported for years in which most Indian states provide data.

3.2 Services provided by  Different Kinds of Forests 

Adjustments to be made  in  national accounts flows and stocks must account for differences between levels of services provided by  different kinds of forests.  The following table gives percentage of different kinds of products and services provided by forest land use of different kinds.

Table   Land use and percentages of full value relevant: 
	Type Of Forest
	Timber
	Fuelwood
	NTFP
	WSS
	Carbon sequestration
	Fodder and leaf manure
	Eco-tourism

	Dense Natural Forest
	20%
	100%
	80%
	80%
	80%
	100%
	100%

	Looped  Natural Forest
	40%
	100%
	80%
	80%
	80%
	100%
	60%

	Open Tree Savannah
	20%
	80%
	60%
	60%
	60%
	80%
	80%

	Timber Plantation
	100%
	20%
	20%
	20%
	100%
	20%
	20%


Source: Adapted from Lele (2005 table)
To elucidate, dense natural forests are on average likely to provide 100% of possible NTFP production but only 80% of addition to the stock of carbon. Contribution of natural forests to net annual flows of carbon sequestered are likely to be much lower.  Timber  plantations on the other hand contribute 100% of possible carbon sequestration in both stock and flow terms but only 20% of possible flow of NTFPs. 

3.3 Value of the Annual flow of Non-timber Forest Products
Non-timber forest products, (referred to in the system of national income accounts as minor forest products) are sources of livelihood and food security for a large number of rural communities living in and around forests. Additionally, some of them are also important industrial raw materials (resin, tans and dyes). In recent years, there is a proliferation of studies aimed at estimating their contribution to income, consumption and employment.  

Typically, the kind of NTFPs obtained from forests of a particular kind depends on the biomass and the species found. The forest “stratums” defined by FSI to be distinguished in accordance with the dominant species approximates variations in these. Studies conducted in different parts of India are identified as located in different stratums and the value of NTFP per hectare.   Table 1 presents values of NTFP per hectare in different strata.

Table 1 Value of NTFP extraction per hectare for different forest Strata. 

                                                                                                         (Rs per hectare)

	Forest Stratum
	Value of NTFP per hectares

	Fir
	7509

	Spruce
	7509

	Fir-spruce
	7509

	Blue-pine
	7509

	Deodar
	7509

	Chir-pine
	7509

	Mixed conifers
	7509

	Hardwood mixed 
	7509

	Upland hardwoods
	1500

	Teak
	2000

	Sal
	2000

	Bamboo
	3050

	Dipterocarpus
	3050

	Khasi pine
	3050

	Khair
	1166

	Salai
	1166

	Alpine Pastures
	1372

	Miscellaneous
	822

	Western Ghat ever
	1400

	Western Ghat semi
	1400

	Western Ghat
	1400


Sources:

Notes: the Value of NTFP per hectares of forestland in certain forested areas in India were obtained from some micro studies. The area to which these Values referred to was then identified with the available forest stratum in that area. The above table gives us those values.

Further,  VNTFPi is defined as the  weighted average of the NTFPj, which is the average value of NTFP in Rs per hectare of different forest stratum (j) available in any state In this manner, the  variable VNTFP is generated at the state level  from studies referring to certain regions with forest strata specific to them. Table 2 gives these values for major states.

Table 2 State wise Value of NTFP per hectare of forestland.


  (Rs per hectare)

	                States
	Value of NTFP per hectare of Forest Land

	Andhra Pradesh
	906.2

	Arunachal Pradesh
	1110.5

	Assam
	944.7

	Bihar
	1699.8

	Goa
	1121.3

	Gujrat
	1488.6

	Haryana 
	1397

	Himachal Pradesh
	6753.6

	Jammu & Kashmir
	7364.8

	Karnataka
	914.1

	Kerala
	833.9

	Madhya Pradesh
	1268.6

	Maharastra
	1361.5

	Manipur
	953.8

	Meghalaya
	1290.5

	Mizoram
	904.7

	Nagaland
	857.1

	Orissa
	1547.9

	Punjab
	2704.6

	Rajastan
	916.1

	Sikkim
	1711.4

	Tamil Nadu
	827.3

	Tripura
	1065.8

	Uttar Pradesh
	3724.4

	West Bengal
	2486.9

	A&N Island
	1327.5

	Dadra & Nagar Havelli
	2276.2


Source: same as table 1.

Notes: The Value of NTFP for each State was evaluated by taking a weighted average of the Value of NTFP per hectare for each stratum available in that state, the weights being the ratio of a particular stratum over the total growing stock in that state.

However, in order to arrive at a value of NTFP extraction per hectare which could appropriately claim to represent an underlying trend in extraction, we postulate that it depends on the availability /supply of forest biomass in a certain state and the opportunity cost of labour which represents the alternative opportunities for gainful employment.  This is approximated by the agricultural wage rate in the state. Demand pressures are allowed for in the model by including population per hectare of forest area as an explanatory variable. The model is run for all 196 districts with forest cover. Finally, complete data was available for 172 districts with some data being approximated by state level estimates.

However, in order to arrive at a value of NTFP extraction per hectare which could appropriately claim to represent an underlying trend in extraction, we postulate that it depends on the availability /supply of forest biomass in a certain state and the opportunity cost of labour which represents the alternative opportunities for gainful employment.  This is approximated by the agricultural wage rate in the state. Demand pressures are allowed for in the model by including population per hectare of forest area as an explanatory variable. The model, explained in Table 3.8, is run for all 196 districts with forest cover. Finally, complete data was available for 172 districts with some data being approximated by state level estimates.

	Average value of NTFP per hectare for India is estimated to be Rs. 1671.54




Table 3 Model for evaluating Value per hectare of NTFP. 

	Variables
	Source of Data

	Dependent Variable
	Collection of micro studies : see references

	Value of NTFP per hectares (Value)
	

	Independent variables
	“Extent Composition, density of growing stock and annual increment of India forests.” Forest Survey of India report (1995),

Rabindra Nath, B S Somashekar and Madhav Gadgil (October 1992)

	Biomass per hectares (Biomassperhec)
	

	Agricultural wages (Agrwag)
	Agricultural wages in India 1994-95, Ministry of agriculture.

	Population per hectares of forest land (popperhec)
	State of Forest Report (1999) Forest Survey of India.


Table 4  OLS regression results: -

	Dependent Variable: VALUE

Method: Least Squares

Sample: 1 196

Included observations: 172

Excluded observations: 24

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	CONSTANT
	-356.0894
	305.8670
	-1.164197
	0.2460

	AGRWAG
	3.484855
	7.899923
	0.441125
	0.6597

	BIOPERHEC
	16.33936
	1.386055
	11.78839
	0.0000

	POPPERHEC
	31.75380
	29.56538
	1.074020
	0.2844

	

	R-squared
	0.474873
	    Mean dependent variable
	1653.263

	Adjusted R-squared
	0.465495
	    S.D. dependent variable
	1433.896

	S.E. of regression
	1048.319
	    Akaike info criterion
	16.77074

	Sum squared resid
	1.85E+08
	    Schwarz criterion
	16.84394

	Log likelihood
	-1438.284
	    F-statistic
	50.64082

	Durbin-Watson stat
	0.211064
	    Prob (F-statistic)
	0.000000


Results are given in Table 4. We find that the Coefficient for Bioperhec is significant at even at 1 % level of error and its value is positive with a magnitude of 16.33936, which can be interpreted as the partial derivative of a unit change in the biomass per hectare to the Value of NTFP collected. 

The Coefficient for popperhec is positive with a magnitude of 31.75380. The positive sign is an indicator of a demand factor, which says that the population pressure on a hectare of available forestland forces for a higher per hectare NTFP extraction. However the coefficient is not statistically significant as evident from the high probability value of the T statistics of the coefficient.

Agricultural wages are not significant in determining the level of NTFP extraction per hectare. This may be due to the fact that agricultural wages for the districts where the forest cover is large enough are simply not available and we had to rely on the agrwag of neighbouring districts.

From this model we can estimate the all India average value of NTFP in Rs to be Rs 1671.54 per hectare. This is the estimate that shall be used to approximate value of NTFP per hectare.

Studies on NTFP collections from different parts of the country emphasise the large variation in collection per hectare in different forest tracts. This implies that for a country level estimate of NTFP collection, we need to know the area to which property rights exist. No estimates exist at the national level for the area from which NTFPs are collected. It can safely be assumed that the lower limit estimate for such lands lying within forest areas is given by the forest based common property estimates, one recent estimate of which is of 25.16 million hectares out of a total forest area of 62 million hectares. This yields a figure of Rs. 4188.85 crores as the estimate of gross value of NTFPs harvested on average in India

In the case of industrial wood and fuelwood, a trend value obtained from CSO estimates. This figure comes to Rs. 16714.71 crores for the country as a whole. Trend estimates for industrial wood and fuel wood values for a few years in the nineties are given below.

Table 4 Trend Estimates for Value of annual flows of Industrial wood and Fuelwood 

                                                                            (in Rs. Crores)                    

	 Year
	Industrial Wood
	Fuel-wood
	Total

	1993
	1912.464
	  8847.393
	18627.174

	1994
	2044.786
	 10203.79 
	12248.576

	1995
	2177.107
	 11560.18
	13737.287

	1996
	2309.429
	 12916.57
	15225.999

	1997
	2441.750
	 14272.96
	16714.71

	1998
	2574.071
	 15629.36
	18203.431

	1999
	2706.393
	 16985.75
	19692.143


Notes: Industrial Wood refers to Joint output of Timber, Poles, Railway Sleepers and Pulp and Match wood.

The above implies that the value of NTFP collected annually from India’s forests is about 25.06% of the value of industrial wood and fuel wood put together. It exceeds by far the value of industrial wood alone. The value added by this collection(a truer measure of its contribution to GDP) is likely to be relatively higher since cost of collection is only labour cost  as against the higher cost for industrial wood. 

3.4  Estimation of Carbon Sequestration Flow and Its Methodology
In accounting and valuation of the carbon sink services of forest ecosystem, one should be aware of the differences in technical nomenclature of carbon storage, carbon parking and carbon sequestration. Carbon storage means the capacity of a forest to maintain a certain amount of biomass per hectare. Retention of biomass also means that the carbon in a forest is not being released into the atmosphere. Thus the value of carbon storage services lie in avoiding potential future CO2 emissions forever. Carbon parking refers to the situation when under some agreement and at certain price, land use changes are postponed for some stipulated time in such a way that emission of carbon is avoided. Based on some incentive, deforestation and land use change are forestalled, avoiding the carbon emission into the atmosphere. Carbon sequestration refers to removal of carbon (CO2) currently in the atmosphere. It is also mitigation of past CO2. The annualized value of carbon sequestration services is a contribution to GDP/ NDP. It can be set against the annual costs of pollution abatement due to emission of  greenhouse gases from industrial production of some kinds. 

At present , we maintain that a complete integration of SNA to enable this may not be possible. However, if satellite accounts create a comparative picture, the exercise can be attempted in the future. It is also important from the viewpoint of emerging markets in carbon credits and international trading in them.

Annual additions to carbon sequestration are made possible by plantations. In this context it is important to see that post-1980, plantations as a proportion of natural forests have increased.

Stock and flow estimates of carbon sequestration are both relevant in national income accounting for different reasons. We obtain annualized flows from estimates of stock which take into account additions to biomass and removals through extractions of different kinds and for different periods.
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For our computation of carbon sequestration we are adopting the expression: - **
Where:

Cst = Stock of Carbon in year t.

Bt = Biomass 

Pt = Poles or rounded wood.

Lt = Timber 

Gt = Grass removal

Wt= Fire wood 

Π = initial year of reference.

0.45 = conversion factor for Biomass and other components into their carbon contents.

This expression directly yields the stock of carbon in the forest. By deriving the differences over two consecutive years, the flow of sequestrated carbon is obtained. For the calculation of annualised carbon flows three years of rotation were chosen viz 15, 20 and 25 and for each rotation age data for 20 years were collected. That is how we reached from 1953 to 1997. Two decay rates for Carbon from the extracted timber were 10 and 5 % annually and the entire exercise was repeated for the two rates. For firewood the decay factor was taken to be 100% and that is why we had used the firewood data for only a single year assuming that the firewood extracted the previous was totally burnt up thereby releasing the entire carbon stored in it. The same holds for charcoal wood. So the decay factors mentioned here refers to the Timber and Poles extractions only.

Different estimates of carbon stocks are obtained with alternative assumptions on decay rates and rotation periods. Corresponding annualized flows are obtained. These values are the smoothed values of the carbon flows that have been generated by regressing the carbon flows against a constant and a trend.  

The fitted the trend equation: -

Carbon flow = a constant (c) + @trend (1995)

For which a significant positive trend in carbon flows over the years could be obtained.   
It may be noted that the difference in the annualized flows of carbon sequestration is mainly due to the change in the biomass and only a mere 2% contribution comes from the carbon stored in the extracted tracts of timber and poles. This high sensitivity of carbon flows to the biomass necessitates availability of proper data on biomass. 

Table 5 Average value of Flow of Carbon sequestration (in Million tons) 

	Time Period
	Rates of decay
	Average of flows at the
two rates for each rotation period.

	
	10%
	5%
	

	25 years
	37.3643
	37.46129
	37.4128

	20 years
	37.31642
	37.30383
	37.3101

	15 years
	37.26224
	37.17171
	37.2170

	Overall  Average flow of Carbon
	37.3133


From this table it evidently appears that the total carbon emission in Indian Forest lies in the range of 37.17 million to 37.46 million tons. However looking at the ailing natural forests in India, until the very recent years in which the area under forest has registered some positive change, the positive carbon flows from Indian forests seems to be very interesting. The status of plantation forests in India provides a possible explanation of the positive flows that come out of our study. The following table gives the details of plantation forest in India.
Table 6:  Plantation Forests in India
	Cumulative planted area

(000’ Hectares)
	Up to 1980
	Up to 1985
	Up to 1990
	Up to 1995
	Up to

2000

	
	3898
	6612
	10300
	14506
	18487

	Increment in plantation area 

(000’ Hectares)
	Between 1980 and 1985
	Between 1985 and 1990
	Between 1990 and 1995
	Between 1995 and 2000

	
	2714
	3689
	4206
	3981

	Percentage Growth
	69.6
	55.8
	40.8
	27.4


It can be identified from the percentage growth figures that forest plantation in India have continuously been increasing. Plantation area as a percentage of total forest covered land in India is more than 28% in the year 2000 and there have been uninterrupted additions to plantation area through the last two decade. This is a clear indicator of the fact that plantations in India are a potential source of carbon flows and also other tangible benefits of the forest. Out of the 18.48 million hectares of plantation forest at least 10.85 million hectares of the plantations are in the age group of 10 and above in the year 2000. This mix of young and middle-aged plantation forests keeps the rate of growth in these tracts much higher than that in the natural forests. Thus even though natural forests may be zero net contributors in the positive carbon flows that void is more than offset by the growing plantations in India.

II. Value of Flow of Carbon Sequestration in Indian Forests
To valur this annual flow, international prices are to be taken. Taking a range of prices based on different studies, the valuation is as under.

Table 7 Annual Carbon flows in million tons.

	Annual Carbon Flow

(in Million Tonnes)  (1)
	Mean Price

($/tons)  (2)
	Total Value

($ Million)  (1×2)

	37.3133
	5.3
	197.76049

	
	9.1
	339.55103

	
	11.0
	410.4463

	
	6.0
	223.8798

	
	20.3
	757.4599

	
	Range of Values (in $ million): 197.76049 to 757.4599

Mean total value:   $ 477.61 million


Table 8 Value of Flow of Carbon Sequestration in Indian Forest
	Annual Range of Carbon Flow (in Million Tonnes) 37.1717 to 37.4613

	1997's Exchange rate (Rs/$) 37.16

	Mean Price

($/tons)  
	    Mean price 

RS/tons
	Range of Value

($ Million)
	Range of Value

Rs Million

	5.3
	196.948
	197.01
	198.5449
	7320.89197
	7377.928

	6
	222.96
	223.03
	224.7678
	8287.80223
	8352.371

	9.1
	408.76
	338.262
	340.8978
	12569.8334
	12667.76

	11
	338.156
	408.889
	412.0743
	15194.3041
	15312.68

	20.3
	754.348
	754.586
	760.4644
	28040.3976
	28258.86


Table 9 Value of flow of Carbon sequestration in Indian Forest
	Lower limit 
	Upper limit

	Rs.7320.89197 Million
	Rs.28258.86 Million


Range of Values (in Rs million): 7320.89197 to 28258.86,  or Rs. 732.089  crores to Rs. 2825.886 crores annually, depending on international prices.
3.5 A Comparison of gross flows per annum from three goods and services

Table 10 gives a comparative picture. Even with high international prices and well functioning carbon markets, NTFPs and fuelwood collection make signal contributions to GDP. All three comprise in a sense unaccounted for sectors in national income accounts

Table 10: A Comparison of Gross value  per annum from three goods and services (in Rs. Crores)

	Year
	Industrial Wood
	Fuel-wood
	Carbon Sequestration
	NTFP

	1999
	2706.393
	 16985.75
	732.089 to 2825.886
	4188.85


� EMBED Equation.3  ���
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