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Preface

‘As the adage goes, “What cannot be measured cannot be managed.” Therefore, for

sustainable forest management periodic measurement of volume, biomass and carbon in the

forest growing stock is essential It will show whether the management inputs have really led
{to any improvement in the growing stock. Measurement is also important from utilization

Pointof view to assignan economicvaluetothe standingtree or aplantation andtoplanits
harvest and disposal, The estimation of carbon content has become important in order to
‘assess the ecological value in terms ofcarbon sequestration and also to claim carbon credits

ive of the Meghalaya forest departmentis a pioneering effort

in Northeast India, trying to estimate the stem volume, stem biomass and carbon content of

In this context, the ini

four important timber species of the State. Rain Forest Research Institue is grateful to the
Meghalaya forest department, for entrusting this task to us. The Institute has used the latest
‘equipments and prepared the stem volume, biomass and carbon tables in a non destructive

way.

These tables would be of great use to the foresters and tree farmers ofthe State of Meghalaya
‘and would contribute to the sustainable managementof timber recourses inthe State.
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Introduction

‘The ultimate objective of forest mensuration is to estimate quantity of woodAimber

contained in the forest. The volumeoftrees is calculated either after felling the tree or in the

standing crop. For volume estimation of standing tees, mathematical models developed

through multiple regression analyses are the most suitable methods which avoid felling of

trees or destructive approach for volume and biomass estimation in the forest ecosystems.

Modeling has a long history in forestry and as early as mid 1880s the Central European

Foresters were using graphical methods to model the growth and production of forests and

these models continued to be used in other places also until the development of mechanical

calculators in combination with new ideas for statistical analysis. These new statistical tools

and techniques enabled us to prepare yield and volume tables more efficiently (Pandey et al

1998). Stielfor (1957) and Woessner (1973) proposed regression equations for

volume/biomass predictionofdifferent part of trees like bole, roots and branches. Wagner

(2983) proposed methods for determination oftee volumein standing trees using diameter at

breast height (dbh), height and diameter at height of30% of total height. Harding and Griger

(2985) developed allometric models Y = ad* and Y = adh where Y is mass, dis db h is

fneight and a,b, ¢are mathematical constants.

The yield and volume of timber are required by the stand managers (Yamamoto,

1994; Tewari and Gadow, 1999) easily measurable dependent on tree diameter, height, basal

‘aca, form, bark thickness and other parameters, The relationship between these parameters

serves as a key to tree volume estimation. Volume equations/regression models have been

‘ost widely used for estimating tree volume. A model should provide information that is

‘sufficiently precise and comprehensive to execute the intended purpose with its simplict

‘and should be easily understood and helpful for drawing inferences.

Allometty generally relates easily measured independent variables like DBHto other

‘components and provides relatively accurate estimates (Phillips et al. 2002). Allomettic

models va

form of Y = a+ bx, whereYisthe biomass,a& bareslopesand intercepts and x is the tree

<iameterat breast height (Dudley and Fownes, 1991). The accurate estimation of biomass in

widely but the easiest and most commonly used method is linear models in the

‘ropical forests is crucial for many applications, from the commercial exploitationof timber

‘0 the global carbon cycle. Particularly inthe latter context estimation of total above-ground

biomass (AGB) with accuracy sufficient to establish the increments or decrements in carbon

‘sored in the forest over relatively short periods oftime (2-10 years) is important.



Assessment of carbon sequestration potential in terrestrial ecosystems_through

biomass estimation is the most prominentand appropriate approach (Brown, 1997; Brown et

al. 1989; Chambersetal. 2001). Regression models are used for biomass estimation because

of their relative simplicity and ease of converting inventory data into biomass estimate.

Although itis difficult and tedious at the initial stage to develop the best-fit models, tree

dimension values as the input data requirement for subsequent estimations have made the

regression-based biomass estimation method extremely popular (Brown, 1997). Several

regression models have been developed to estimate biomass or biomass-related parameters

(Brown et al. 1989; Schmidt etal. 2009), which are being used to prepare volume tables for

several forestry species (Li and Weiskttel, 2010) and to estimate carbon in tropical,

1997). The total biomass

data obtained from such models are then converted into carbon content for estimating carbon

‘temperate, boreal, and semi-arid forest ecosystems (Schroeder et

pools in different compartments, by multiplying with a conversion factor of 0.5 on the

sssumption thatthe tree biomass contains $0% carbon (Ravindranathet al. 1997),

Although several workers have used tre height, trunk diameter {i.e. diameteratbreast

height (DBH)] and wood density as independent variables for estimating tree aboveground

biomass (AGB), the allometrc relationship between AGB and DBH has been proved to be

the best fit for tee biomass estimation in several forests (Brown, 1997; Brown et al. 1989)

The carbon present in other compartments of the ecosystem such as shrubs, herbs, litter,

woody debris, root, and sol isadded to the tree carbon data to obtain the total carbon pool in

« forest ecosystem. Since AGB of trees contains a large fraction of the total forest carbon

‘sock, many studies on forest carbon budget have focused only on tree AGB estimation.

Although these studies do provide empirical data on the major carbon pool ofthe forest, total

‘ecosystem level carbon data for most ecosystems is lacking (Baisya and Barik, 2011),

Under the United Nations Framework Convention on Climate Change (UNFCCC),

countries have 10 report regularly the state of their forest resources and emerging

‘mechanisms, such as Reducing Emissions from Deforestation and degradation in Developing

Countries (REDD), and they are likely 10 require temporally and spatially fine-gained

ssssessments of carbon stock (UNFCCC, 2008; Basuki et al. 2009). The most accurate

‘cthod for the estimation of biomass is through cutting of trees and weighing their parts

‘Thisdestructive method is often used to validate other, less invasive and costly methods, such

tu measurements and remote‘the estimation of earbon stock using non-destructive in

‘sensing (Clark et al., 2001; Wang et al., 2003). Allometric equations developed on the basis

‘of sparse measurements from destructive sampling are related to more easily collected

A



biophysical properties of trees, such as diameter at breast height (DBH) and commercial bole!

branch dry weight and then used to modelleaf dry weight. For instance results ofJoshi etal.

(2015) developed allometric equations for Paulownia tomentosa (Thunb,) to estimate

‘biomass and carbon stocks of two 0.1 ha plots in ICIMOD Knowledge park, Godavari, Nepal

using harvest method,

Presently more emphasis is being given to the non destructive methods of biomass

andcarbon stock estimation because they are less time consuming and cost effectivethan the

harvest method. Species specific, regional and local volume equations give more accurate

estimates of forest biomass and carbon as well as the merchantable timber wealth of @

particular forestarea, Forest and Environment Department, Govt. of Meghalaya felt the need

of volume equationsof some important tre species and suggested to develop equations for

‘four ecologically as well as economically important tree species of the state, The detailed

<escription and economic importanceof the selected tree species is given below:

Description of selected tree species

1. Betula almoides (Himalayan birch, Indian Birch, Family- Betulaceae)

Distribution

‘This species is naturally distributed in Bhutan, China, Laos, Myanmar, Nepal, Thailand and

‘Vietnam. In India it is naturally distributed in Arunachal Pradesh, Assam, Darjeeling,

Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, Tripura, Himachal Pradesh and

‘Unarakhand.

Lower elevation limit (metre) 500

Upper elevation limit (metre): 3000

Habitat and Ecology

‘This species grows in tropical to subtropical forests in association with oaks, alder (Alnus

‘mepalensis) and herbaceous subtropical ground flora Inthe Himalayas, this species is one of

‘Se main clements in temperate deciduous forests associated with Green Oak, Deodar and

‘Silver fir trees.

This species is also reported as a primary colonizer following disturbance such as

‘endslides or road buildings. Itis also found along the rivers exposed by gravels due to

Soods. tolerant to varying ranges of soil texture and moisture. It has been reported that trees

‘ the wild near Kalimpong, West Bengal develop new shoots in mid October while still

‘etsining their old leaves therefore considered as evergreen tree species. The species is



‘widespread and common across most ofits distribution. However, it

Gachwal North West Himalayas,

Useand Trade

The woodofB. alnoides is hard, coarse and used for timber as well as fumiture,

cabinet and household utensil making. The bark is used as a medicine for dislocated bones

‘and snake antidote when mixed with hot butter. The bark was also used as a substitute for

paper. The aromatic oils can be used in the leather industry and the leaves are lopped for

fodder. Its also a holy plant of Chadar (Tagin) tribe in Arunachal Pradesh, India (Shaw et

al. 2014),

2 Duabanga grandifiora (Family: Lythraceae)

Distribution

D. grandiflora is native to Cambodia, Eastern India, Laos, Malaysia, Myanmar,

‘Thailand, and Vietnam found in evergreen rain forests between 900-1500 m elevations.

‘Sound in open forests including vegetation adjacent to river banks and in valleys. In Indi

‘edigenous to the Eastem Himalayas and found in Arunachal Pradesh, Assam, Manipur,

listed as locallyrare in

“Meghalaya, Mizoram, Nagaland, Sikkim, Tripura and Andaman Islands.

‘Lower elevation limit (metre): 900

‘Upperelevation limit (metre: 1500

Habitat and ecology.

‘This species is mainly found in Valley forests and open places particularly on river

fenks D. grandiflora grows up to 30m in height and has large buttresses as support

‘ssecturesthat grow atthebaseof atree trunk which provideawide base andadditional

“S=ppor to prevent them from tipping over,

‘Use and trade

‘Tee woodof D. grandiflora is used for timber, preparation of boxes, crates, tea boxes,

‘components, houses, block board, fibre boardsand pulp (Haining etal. 2007).

“Magnolia champaca (Family-Magnoliaceae)

‘M. champacais native to south and central China and India, It is also commonly

in Bangladesh, Indonesia, Malaysia, Vietnam, Laos, Cambodia, Myanmar, Nepal and

between 200 to 1,600 m as. In India it is mainly found in Arunachal Pradesh,

‘Meghalaya, Manipur, Tripura, Nagaland, Mizoram, Sikkim and Western Ghats,



Habitat and ecology

M. champaca is an evergreen or semi-deciduous, medium-tall sized emergent canopy tree

‘6p to 50 m tall and 200 em in diameter. It i found scattered in riparian primary lowland to

‘montane evergreenbroadleafforests in moist vegetation. It flowers from June to July and

September to October. It is described asa remarkable tree, worshipped for its great antiquity.

Useand trade

M. champaca is used as an omamental tree in urban landscaping. Flowers are also

sesed for perfume, worn as hair decoration and room decoration. The wood is used for fuel

‘zd furniture making. It isalso used for making doors, windows, general carpentry and light

construction. The heartwood is light yellowish to olive brown, It is straight grained and

‘pedium-fine-textured, somewhat lustrous with smooth feel. It has potential for commercial

«il extractionfor various uses. It also has medicinal values; a decoctionofthebark and leaves

‘agiven after child birth; the bark is usedas a febrifuge. Its faty oils extracted from the

seeds have antibacterial activity.In India and Southeast Asia, it is logged for its

‘aluable timber (Khela, 2014).

3% Toonaciliata (Family. Me

Distribution

T ciliata is found naturally across much of South and Southeast Asia from Pakistan

iaceae)

‘24 westem China to Indonesia, Malaysia and parts of Oceania, including Australia and

Stands of the westem Pacific Ocean. On the Indian subcontinent,7: ciliata is distributed

om castem Pakistan to Bangladesh, North East including the tropical parts of the sub-

‘Himalayan tract and the Western Ghats (Conn and Damas, 2006).

Habitat and ecology

Jn the westem sub-Himalayan tract of India, 7. ciliatais found in moist localities,

“Setcred ravines, along streams and even in swamp forest, while in the Westem Ghats, it is

‘Seed mostly in wet evergreen forests. In India, the climate of the natural habitat comprises

‘SS from 1100-4000 mm per year and temperatures range from about 0-35°C. The

“speiss is rost tolerant, however, sensitiveto drought

Useand trade

T ciliata is mostly grown for its versatile timber, which is used for building houses,

‘Bervalue goods such as furniture, musical instruments and carvings. The flowers yield

‘seish dye stuff, while the bark is used to tan leather orto produce string. Leaves and bark

"== seuin traditional medicine. 7: ciliataiscommonly cultivatedas an avenue tree in India



(Edmonds, 1995) and as an ornamental and wayside tre throughout much oftropical Africa

sand Asia (Fenton etal. 1977).

Description ofthe study area

Meghalaya state of NE India comprises Khasi Hills, Garo Hills, Jaintia Hills and Ri-Bhoi,

‘covering an area of 22,720 Km, and lies between 25°47’ to 26" 10' N latitude and 89°45'0

492° 45’ E longitude, The altitude ranges from 50 to 1960 m (ms). The mean maximum and

secan minimum temperature of the state is 24.3C and 17.8°C, respectively. The average

‘ecoual rain fall in Meghalaya is about 1200 mm and known as wettest place on earth. The

‘Goral diversity of Meghalaya is well reputed for its richness and as an abode of many

“exemic flora and fauna. Considering the importance of regression equations for estimating

‘sem volume, AGB, carbon stock and merchantable timber of the forest ecosystem, the

‘eecsent study was undertaken with the objective to develop biomass equations for the

selected tree species.



Materials and Methods

laterials

Hand held GPS, Garmin make, model-etrax 10: Used for recording geo-coordinates ofthe
survey and sampling sits inthe Feld (Phot plate 1),

4
Fa
Fe

rt
o

2 Nikon Laser SS0A Range Finder: Used for measurement of total te height, height atthe
curence of first branch of ech individual re and length of fustum (Photo plate 2).



3. MantaxBlack Calliper with Gator Eyes, Make: HaglofSweden: Use formeasurement of

4iameter fom a distance with laser beam (diameter measurementa different height ofeach

tree) (Photo pte 3).

4 Digital Camera, Sony Make 10.2 MP Model DSLR-A 200:

‘offield survey anddata collectionfrom each sampling locations.

‘sedfor capturing photographs

5. Measuring tape: Used for measurement of basal gith and girth at breast height (GBH) of

ree species

lology

site

laya, situated in the north eastern region of India is a narrow stretch of land, running.

Bangladesh on the South and West and Assam on the North and East between 25”

to 26°10’ N latitudes and 89°45"to 92°45" E I longitudes. It covers an area of 22.720 sq,

‘The State has most of its land covered by hills interspersed with gorges and small

‘Outof the 15,657 Sq km forestareain the state, 1,027.20 km’ is under the control of

Forest Department and remaining areaisether private or clan/community owned which

the indirect control and managementof Autonomous District Councils.

‘of species

‘The species that are important for the people of Meghalaya in terms of timber use

been chosen for the study, in consultation with the Meghalaya Forest Department, The

are listed in Table 1. Based on the existing literature, it was found that

biomass equations are not available for the selected tree species in Meghalaya.

fore, thesefour tree species were chosen for the present study.



Table portant tree species of Meghalaya forest

No. | Nameofthe species ‘Statusof volume equation

7 Betula alnoides FSI (1996) has developed volume equation for Aranachal

Pradesh,

Not developed for Meghalaya,

Duabanga grandiflora | FSI (2013) has developed volume equation for Easter’

Himalaya,

Regional volume table exists for Manipur (Sharma and

Jain, 1977)

Regional volume table exists for Assam (Sharmaand Jain,

1979)

Not developed for Meghalaya,

‘Magnolia champaca |FSI(1996) has developed volume equations Tor Arunachal

Pradesh and Assam,

FSI (2013) developed volume equation for North Eastem

Himalaya.

Sivananthawerl and Premakantha, (2010), developed
volume equations in Sri Lanka.

Not developed for Meghalaya.

Toona ciliata FST (1996) has developed volume equations for Arunachal

Pradesh, Assam and Tripura,

Sivananthawerl and Premakantha, (2010), developed
volume equations in Sri Lanks,
[Not developed for Meghalaya,

‘surveys and data collection

field surveys were conductec in the entire state for data collection of selected tree

Ses. The detailed informat Of the sites is given in the Table 2 and map is given in



fable 2 Aras visited for data collection in Meghalaya

Name of the places

Lumsohpetbnneng RF, (Umiam)

District

~ North Khasi Hills

Upper Shillong R. F.

Nongkhyllem R. F.

‘Tura Peak/ Tura Catchment R. F.

North Khasi Hills

North Khasi Hills

ast Khasi Hills

East Khasi Hills

West Khasi Hills

Ri-Bhoi

Ri-Bhoi

Williamnagar, East Garo Hills

Williamnagar, East Garo Hills

Williamnagar, East Garo Hills

Williamnagar, East Garo Hills

‘Tura, West Garo Hills

South Garo Hills

East Jainia Hills

‘West Jaintia Hills

East Jainta Hills

East Jaintia Hills



Figure 1 Species wise sampling pointsin Meghalaya
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‘Tree diameter and height -asurement

Parameters recorded for development of volume/biomass equations

1. Girth at breast height (GBH) at 1.37 mabove ground level for each individual ree

as measured using measuring tape and converted into diameter at breast height

(DBH) using the following relationship

(DpH) = Seeassrmatanrennd a Bquation1

k 2 Girt atthe base of trees were measuredandconverted nto bas diameter

Basal ameter = etatBebaseptree -» uation2

| 3. Height atthe occurence of first branch was measured using Nikon $80A Laser

rangefinder

| 4 Total height ofeach individual te was also measured using Nikon $50A Laser

range finder

5. For nondestructive

Portion of frustum (smaller logs) was measured in standing trees using Haglof

Mantax Black Caliper with Gator Eyes and the

ofthe frustum were measured using Nikon SSOA Laser range finder, to arrive at

the centre of frustum

jon, diameter at each end point and at the center

ofthe lowerandupperends

6. Data collection format (Appendix-I)

analysis and development ofvolume equations

For the present study, the data were collected on four different tree species (viz, B

D. grandiflora, M. champaca and T. ciliata) in Meghalaya with parameters i.e

\Giameter, diameter at breast height (DBH), height ofthe occurrence offirst branch,tree

-iameter of frustum and length of the frustum. All the four tree species were divided

lasses according to their diameter at breasthei

‘yolume equations were further used for the development ofvolume table for different

classes ofall the species.

For the development of volume equations, first the volume of each stem was

For calculating the stem volume, the volumeof all the logs were calculated and

4% find the stem volume, The volume of frustum of each tree (which includes

‘and length of the frustum) was ealeulated using Newton’s Formula (Husch et al.

foe estimating individual stem volume, whichi givenas

2



VEZALt Am + A) oh

Avis the lower endarea of the fastum

‘An isthe middle portionareaofthe fustum

Avis the upper end areaofthe frustum

his frastum length

Ss volume equation may alsobe expressedas

V = FP+Adi +dd)oh

4s at lower end diameter ofthe fustum

4 iat middle portion diameterofthe frustum

4 sat upper end diameter ofthe frustam

his the frustum length

Diameter at breast height and diameter of frustum were recorded in em, however,

‘of the fustum and total tee height were measured in metre, Therefore, all the

wereconverted into metre. Hence the volume calculated was in eubie metes.

analysis:

analysis is a quantitative method used to find out the relationship between a

variable and one or more independent variables. It specifies the relation of

variable (Y) to @ Funetional combi tion of independent variables (X) and an

parameters (B), which can be expressed as

Y=/@B)

‘Volumeof the tree was taken as the dependent variable and diameter at breast height

jad tree height were taken as independent variables, transformed in the formof d°h to

‘segession equation. Also, the model was of the form where the constant term was

‘= it would predict the volume of the stem in spite ofthe fact thatthe diameter and

‘are zero. Hence the constant term does not have any si

seach diameter class were taken for regression analysis,

of Volume and biomass equations based on d°as an independent variable

Diameter class wise stem volume and

using linear model ((V = f(d?)]. Tree volume was taken as a dependent

)DBH as an independent variable.

the development of regression model, SPSS V16.0 software was used. Initially a

ass equations for selected tree speci

‘ef models of different forms were run on the data in order to select the one which



ld prove to be the best fit. Comparison was made on the basis of the adjusted adj. R?

‘obtained forthe different models. Theadj R? oflinear model (V = f(d2A)) was more

0.900 for all the four tree species. However, R of linear model (V = f(d2) was >

for all the four tree species. Hence linear regression model was selected. Using

the volume tables were prepared to estimate the volume based on two variables vi

(DBH) andtree heightas well as DBH alone,

Based on the volume tables prepared using diameter class wise regression models,

and carbon tables (ke/tree) were also prepared. Volume of each individual tee was

lied with corresponding wood specific gravites to get the biomass. Thereafter, biomass

individual tree was converted into carbon (kg/tree) using 0.5 multiplication factor

fetal. 2011),



Results

‘survey and data collection

‘surveys were carried out in entire state for data collection ofeach tree species. A total

#8 locations were covered in Garo Hills, Khasi Hills Jaintia Hills and Ri-Bhoi district of
sate

‘The following parameters were recorded using various equipments described in the
‘and methods seetion and data recording format given in the Annexure 1

Basal diameter (em)

iameterat breast height (1.37 m) above the ground surface (m)
Height atthe occurrenceofthe first branch (m)

Total tree height (m)

Lower end, middle portion and upper end diametersof frustum (cm),
‘Lengthof frustum (ma)

1 ofVolume Equations

4a present investigation species specific repression models were developed to estimate

volume and biomass of important tree species of Meghalaya. On the basis of

‘made between adj. R? values obtained forthe diferent models, linear model

AEH) was more than 0,900 for al the four tre species. Henee linear regression

sessselected for developmentof diameter class wise volume equations.

ainoides

The volume equations were developed for B.alnoides in thee diameter classes viz.

51-50 em and >50 em diameter classes. The volume equations for each diameter

sven below:

‘Volume equationofB. alnoides for diameter class 10 - 30 em

for volume ‘Ad. RE SE F (p-value)
=056s"eh 093) On [296.61 0.00)

1s coefficient ofdetermination, SE-standard error)

‘Volume equationof B, alnoides for diameter class31 -S0 cm

Agi. SE F (p-value)
eh 02 | 030) 260.80 (0.00)

1coefficientofdetermination, SE-standard error)



3¢ Volume equationof B. alnoides for diameter class >S0.em

‘Medel for volume Ag.R | SE F (p-value)
V=0255-¢*h 092, 067 | 217.09,0.00)

‘85. R"is coefficient of determination, SE-standard error)

nding volume tables ofeach diameter clas are given in the appendix I, II & IV
of biomass,

‘ound biomassof B.alnoides canbe estimated using the following equation:

Biomass = Stem Volumex wood specific gravity

Biomass = Stem Volumex 0.573

573 is wood specific gravity (g/em’) ofB. alnoides (Table 11)

grandiflora

Stmilarly diameter class wise volume equations were developed for D. grandiflora.
#eszationsfor each diameterclassesare given inthe table (4a, 4 b& 4c).

‘Table 4a Volume equationofD. grandiflorafordiameter class 10 -30 em

forvolume Agi. RE SE
0320°¢*h 095 0.08

1s coefficient ofdetermination, SE-standard error)

F (p-value)

438.72 (0.00)

“Table4bVolume equation of D. grandifiorafor diameter class 31 - $0 em

fr volume Adj. SE

s0528°¢*h on | oai
1S coeflicientof determination, SE-standard error)

F (p-value)

249.89 (0.00)

Table 4e Volume equation ofD. grandifiora for diameter class >50 cm

Ag. | SE

eh 091 12
1 coefficient ofdetermination, SE-standard error)

F (p-value)

| 234.52,6.00)

‘of each diameter class are given inthe appendix V, VI & VIL

biomass

‘biomass ofD. grandiflora canbe estimated using the following equation:

Biomass = Stem Volumex wood specific gravity



Biomass = Stem Volume x0.382

(0.382 is wood specifi gravity (g/em’)ofD. grandiflora (Table 11)

lia champaca

‘equations for M. champaca were also developed using linear regression analysis of

data in different diameter classes. Diameter class wise equations/tegression modelsare

inthe table Sa, Sb & Se respectively

‘Table Sa Volume equationofM. champaca for diameter class 10 - 30 em

Model for volume ‘Ad RE SE F (p-value)
V=0372"4h 093, on 491.69 (0.00)
©ad). is coefficient ofdetermination, SE-standard error)

‘Table Sb Volume equation of M, champaca for diameter class 31 - 50 em

Medel for volume Ade | SE F(pvalue)
27ah 092 025 410.06 (0.00)

{aG.R’is coefficient ofdetermination, SE-sandard error)

Table Se Volume equ: ‘of M. champaca for diameterclass >S0 em

for volume Ag. | SE F (p-value)
=0.265¢d*h 0.98 037 407.46 (0.00)
"SER is coefficient ofdetermination, SE-sandard errory

tables ofeach diameter classare given in the appendix VIII, IX& X

ofbiomass

ground biomass ofM. champaca can be estimated using the following equation:

Biomass = Stem Volume x wood specific gravity

Biomass = Stem Volume x 0.670

is wood specific gravity (g/em’) ofM. champaca (Table 11)

of Toona ciliata

equations of 10-30, 31-0 and above 50 cm diameter classes were developed in

‘sem volume and above ground biomass of 7: ciliata found in Meghalay

models can be used for effective and accurate timber estimation as well as

JSmation in the natural forests. The diameter class wise volume equations are

(6a, 6b & 6:



‘Table 64 Volume equation of T: ciliata for diameter class 10-30 em

for volume Aj. SE
Y=0298°4h 0.88 on
‘=.R°'s coefficient of determination, SE-standard error)

F (p-value)

171.55 (0.00)

‘Table 6b Volume equation of 7. ciliata for diameter class 31 ~50 em

for volume ‘Adj. RP SE | Fopvaluey _]=0.186°e*h 093 021 297.57 (0.00)
‘25. R"'s coefficient ofdetermination, SE-standard error)

‘Table 6e Volume equation of 7: ciliata for diameter class >50 em

for volume Ag. | SE F (p-value)
=0253°¢h 0.94) 082, 288.29 (0.00)

is coefficient ofdetermination, SE-standard error)

‘ables ofeach diameter classare givenin the appendix- XI, XII & XIII

of biomass

‘sound biomass of 7: ciliata can be estimated using following equation:

Biomass = Stem Volumex wood specific gravity

Biomass = Stem Volume x 0.560

is wood specific gravity (g/em’) of7. ciliata (Table 11)

‘alike the linear regression equations developed considering volume as a dependent
jand DBH as well as tee height as independent variables, linear regression equations

‘Seveloped considering volume as dependent variable and DBH as an independent
Diameter class wise volume and biomass equations for B.alnoidesae given inthe
“Fosse equations can be used for estimation of bole volume as well as biomass and

and biomass equations for Betula alnoides

Diameter class 10-30 em

Adj. SE F (p-value)
244.07 (0.00)

[__200.77(0.00)



Diameter class > 50 em

V=6.086"0 087 | 0.83 | 135.82,0.00)

Biomass item Volume x wood specific gravity

Biomass = Stem Volume x 0.573

25 esforeach diameter class, adj Ris cooiient ofdetermination,SE-standard ero)

Similarly volume and biomass equations were also developed for D. grandiflora, M.

and 7. ciliata (Table 8-10). These equations are simple and easiest linear

‘models to estimate stem volume and biomass based on the measurement of DBH

'S Volume and biomass equations for Duabangagrandiflora

Diameter class 10-30 em

for volume Adj. SE F (p-value)
Vase on | ou 239.72 (000)

Diameter class 31-50 em

Ie 091 039) 266.15(0.00) |
Diameter class > $0 em

Va 7889°8 092) 103 285.52 (0.00)
Biomass = Stem Volumex wood specific gravity

Biomass = Stem Volume x 0.382

1 SE-standard eon)

SE F (p-value)
on 429.85 (0.00)

umeter class 31-80 em

|__ 086 034 218.30 (0.00)
Diameter class > 50 em

SEsee 09 | O31 |__ 582.37 (0.00)
Biomass = Tree Volume x wood specific gravity

Tree Volume x 0.670

SE Sch ameter class, adj Rs coelicient of determination, SE-sandard err)



10 Volume and biomass equations for Toona ciliata

Diameter class 10-30 em

for volume Adj. SE F (p-value)
Vass07re ost | 0.13) 105.74 (0.00)

Diameter clas 31-50 em

V=42530 091 I 0.24 211.96 (0.00)
Diameter clas > 50 em

Wa 650d 095 074 352.87 (000)
Biomass = Tree Volumexwood specific gravity

Biomass = Tree Volumex 0.560

Sees for cach Giameter las, dR coticiet ofdetermination, SE-sandard eo)

The specific gravity ($G) ofwood isa measure of the amount of structural material a

allocates to support and strength. In recent years, wood specific gravity,

ly « forester’s variable, has become the domain of ecologists exploring the

‘of plant functional traitsand estimating global carbon stocks. The wood specific

data of several tree species is available in the Global Wood Density Data base. This

‘was compiled by Zanne etal. 2009) based on the research work done by various

‘across the globe. The wood density/specific gravity of the selected tree species is

‘he table 11, which is useful for estimation of tree biomass after determination of

Multiplication of above ground biomass with a conversion factorof 0 gives

{cazbon stock available in above ground pool of forest ecosystem,

Wood specific gravity data forall the selected tree species

‘ofthe species | Wood Specific gravity Reference

sem"

0573 ‘Cheng etal 1992
fora os ‘Cheng etal, 1992

0670 Benthall, AP. 1984,
0360 Benthall, AP. 1984

aneetal 2005).
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and carbon tables

‘and carbon (kg/tree) was calculated using diameter class wise volume equations

for each species. mass tables are given in the Appendices (XIII-XXV) and

the appendices (XXVI-XXXVI,



Discussion

Fesources and for studies on the energy and nutrients flows in ecosystems, In

the United Nations Framework Convention on Climate Change recognises the

of forest carbon sink and the need to monitor, preserve and enhance terrestrial

stocks, since changes the forest carbon stock influence the atmospheric CO,

ion. Terrestrial carbon stocks and changes are difficult to assess (IPCC, 2003) and

sesimates are subject to uncertainty (Lowe et al, 2000, Clark et al. 2001, Jenkins et al

‘The reliability of the estimates of the forest carbon stock and the understanding of

csarbon dynamics ean be improved by applying existing knowledge on the

‘oftees that is available inthe Formofbiomassand volume equations (Lehtonen et

Zianis etal. 2005). ‘The biomass equations can be applied directly to tree level

data (the measured dimensions of trees; diameter, height), or biomass expansion

(BEF) applicable to stand level inventory data can be developed and tested with the

fepresentative volume and biomass equations (Lehtonen et al. 2004).

‘Two methodsof field measurementare availabe for volume and biomass estimation,

‘oneis destructive method of tree biomass estimation and another is non destructive

all the available biomass estimation method, the destructive method, or harvest

§ the most direct method for estimation ofabove-ground biomass and carbon stocks

the forest ecosystems (Gibbs etal, 2007). This method involves harvesting ofall the

‘be Known area and measuring the weight of different components of the harvested

‘eeetrunk, leaves and branches after oven drying. This methodof biomass est

0 a small area or small tree sample sizes. Although this method determines the

‘sccurately for a particular area, it is time and resource consuming, strenuous,

‘and expensive, and

for degraded forests containing threatened species (Montes et al. 2000)

‘Sis method is used for developing biomass equation to be applied for assessing

# larger-scale, Rai andProctor (1986) carried outa study in the Western Ghats to

‘Se sbove-ground tree biomass using harvest method and derived a regression

‘lating the biomass fraction with the log transformations of diameter at breast

study found that the total bole and branch biomass was always within 95%

fimit ofthe total, above-ground biomass estimates. Baisya and Barik (2011)

‘Slometric equations for Pinus kesiya Meghalaya using harvest method and
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‘he regression models ofthe form Log(¥)=a + b log Dte (log D)*+d (log D)? as best

biomass estimationof total tee and its various components. The total forest biomass

‘includes live and dead compartments of tres, shrubs and herbs was 460.5 Mg/ba of

91.2% was in the aboveground and 8.8% in the belowground compartment. P.kesiya

77%, broad-leaved tree species 13.5%, shrubs 0.12%, herbs 0.03% and liter

thetotal forest biomass in Meghalaya,

The second method of tree biomass estimation

‘of trees. The non-destructive method of biomass estimation is applicable for those

the non-destructive one without

with rare or protected tree species where harvesting of such species is not very

‘or feasible (Vasum and Jayakumar, 2012). Volume equations developed without

of trees or using non destructive measurement of standing trees require wood specific

fo transform stem volume into biomass and carbon stock. Generally volume equations

using DBH and tree height as independent variables. The regression models

/DBH and tree height can estimate the volume of the stem. This stem volume can be

‘nto biomass using wood specific gravity of the particular tree species. In the

‘investigation attempt was made to develop species specific volume equations for B.

. grandiflora, M. champaca and T. ciliata found in Meghalaya. A complete non

approach was used for data collection in standing trees using various scientific

The experimental results revealed that tree stem volume have strong linear

vith DBH and height (R? > 0.900). Sharma and Jain (1977) made the first

f prepare regional volume tables for D. grandiflora in Manipur, North East Ini

‘ling the trees. A linear regression model V= a +b D?H was developed with

coefficient (R= 0,993). The regression equation obtained from the data was V=

+ 0319025 D*H. Based on this regression model a regional volume tableof D.

Jas prepared for Manipur state. Since 1977, the present study is the second

"© develop regression models for important timber species of Meghalaya without

fees The stem volume values for D. grandiflora were compared with the volume

by Sharma and Jain (1977) and it was found that they had almost similar

‘Monies et al. (2000) had developed a non- destructive method for the above-ground

‘Ssimation of Juniperus thurifera in Morocco. In this study the biomass of the

fee was estimated by taking into account the tree shape (by taking two

‘ofthe tree at orthogonal angles), physical samples of different components of

‘branches and leaves and dendrometrie measurements, volume and bulk density

components. Although it is a non-destructive method, to validate the

2



biomass, the trees had to be harvested and weighed. Another wayof estimatingthe

und forest biomass by non-destructive method is by climbing the tree to measure

parts (Aboal etal. 2005) or by simply measuring the diameter at breast height,

‘of the tee, volume of the tree and wood density (Ravindranath and Ostwald, 2008)

the biomass using allometric equations.

Previously local volume equation for B. alnoides in Arunachal Pradesh and M.

in Arunachal Pradesh and Assam have been developed by FSI (1996) for

Pradesh, which can be used to estimate volume, biomass and carbon stock ofthis

jn Arunachal Pradesh. Similarly, regional volume equationsfor D. grandifloraand

hhave been developed for Eastern Himalayas (FSI, 2013).

Local volume equations for 7: ciliata were also developed for Lohit & Tirap,

Pradesh, Assam and Tripura (FSI, 1996). None of the volume equation for these

twee species was developed earlier for Meghalaya. The regression equation

in present study will be very much useful in estimation oftree volume, biomass

‘content in context to Meghalaya forests. Present study utilized Mantax Black

‘with Gator Eyes for measurement of frustum diameter from a distance and Nikon

to measure the length of frustum well as total tree height. Applications of such

‘Squipments/approaches avoid physical measurements in standing trees by climbing

‘is 2 troublesome, time taking and labour intensive method for non destructive

‘of tree volume and biomass

‘of Yield Tables

‘Diameter, height and wood specific gravity of a tree are the important variables to

sce the yield in terms of volume, biomass and carbon stock. These tables can be used

for calculation of tree volume, biomass and carbon content of standing trees

felling. These tables shows yieldandcarbon values of particular diameter and height

{(baving diameter class interval of1 em and height class interval of I m). Ravi et al.

aso conducted a study for preparation of regional yield tables and carbon tables for

‘of Casuarina equisetiolia in Tamil Nadu, India and suggested that regional yield

best fit regression models can be useful to researchers and plant

Se developing projects under Clean Development Mechanism (CDM),



Conclusion

Development of species-specific volume equations/regression models is essential to

higher levels of accuracy in above ground biomass and carbon stock estimation ofa

‘ecosystem. Apart from biomass and carbon stock accounting, estimation of net

Se timber ofa forest area is essentialforextraction oftimberfrom it. These kinds

require species specific volume equations or allometric models for precise

Development of volume equations as well as biomass equations requires felling

number of trees in different diameter classes, which are time consuming and

than non destructive methods. In the present work an attempt was made to develop

models for the selected tree species of Meghalaya using modem scientific

Application of such equipments for measurementof required ¥

‘ime consuming process which avoids felling oftees and minimizes the cost ofthe

also, Therefor

‘can be developed within short time span without destruction at minimal

lar studiescanbe carried out in other partsof the North East India for

of species specific volume equations for ecologically and economically

the study concludes that species specific local/regional volume

ce species in orderto achieve accuracy in volume and biomass estimation as well

‘tock estimation and green house gas inventory data preparation forthe country.
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Photographs of Field Survey and Data Collection

Duabanga grandifiora
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DBH Measurement, Baghmara South Garo Fills

BH Measurementusing HagloffMantax Black Caliper with Gator Eyes)
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Append XXXVIII Volume, biomass and carbon table for Betula alnoides (DBH 10 -S1

om)

DBH| Volume| Biomass | Carbon | DBH | Volume | Biomass | Carbon

(em) | (m’) | (kg/tree)| (kg/tree) | (em) (m’) | (kgitree) | (kg/tree)

10|0068| 3908 | 1953 31 | 0603] 34537 |1768]

i] 0082 |

Lae 0683 |39137| 19569]

[3|ons} e908|—32.95- sas| a0

14 |01s| 7653 |3826| 38 | O768) 44025| 22012]

[5] oss [eras | aaa| 36 oats} 405.76] 23288]

[a6] 0174[9995 |—a998 | 37 | 0.859 |a92.00} 346.00]

17 | aio | tiaes | saa} 38} 0906] 25948
18 | 0231 |12650| 6325] 39 | 0954 Ta]

[19| 0386] 19095)—toa7 | 40] 008] S750]287T]

“a0 | ORS | 15618 | 7809] a] 1.054] eons
[a] e300]Tas) —se09 —] a 106 68396]

[a] 0330| tea97 959 a3 1606830]

[30360-| “2065310: wai} eos] a7

|2] 0382 | aaaao)—iaas] a5] 1270] 72776] 365]

35 | 046 | 240s) T2201 | 4 | 1307 |76046| 38023]
[26 | caer|26395 i397[47]1385] 79x88| 39698]

a | OaT |2e4es|140g? | 48]1aas | e202 | ATT]

[oat| 15505} a9] 1506 |e] BT]
3236 |Tons| 50 1368 |89846| W925

07.04| —4B5523140 | 17570 | s4 Tse



Appendix: XXXIX Volum biomass and carbon table for Betula alnoides (DBH 1-100

cm)

DBH| Volume] Biomass| Carbon | DBH|Volume | Biomass | Carbon

(em) | (my | Ckgitree) | (kgitree) | (em) | (am) | (hgytree) | (ke/tree)|

BI [15a] sora|—as552 | 968] aaa T0073|
32 | 166 | 94296 | a7La8 7 3608 | 2067.61| 1033.80|

3 | 170 |97938| 489.79] 78] 3703|aiai.66 | 0608s]
3 | 773] 101689 7) 3798 | 2176a1 | ORR

[55 [car | 105490] ao | 3.895| 22386 | TIS|
3% | 1909 | Tosser | $3681] 8 393 |2a88.00| T1aK00‘7 |1977| Wis302 |S6631| 92 | 4092 | 234885 [TT a
se

CS

-@ |27 a | as | 4307 | 251956| SBT]
a TT |HRT] we | 4501 | 2579.19 |T2R9.e0

@ | 2a | TMosT | omoas | aT) aan a | T8IBTe |

63 | 2416 | 1384.10 692.05 88 4713 2700.55 [1350.27|

| 2a93 [aaa | T1419] a9] ama] ae aT]

[es as [aa7 | 1360} 90 a3 a0| ATS]

| 2651 | 181906 | 75933] 91] S080) 2aRT RT]—TaaROT]
7 | 2732 | 136844| 792.72 | 92 SIs) | 2931.63 | 147582

[| ais|1812s | 80626 3 | 3016.13 | 130807|

aa98| 166029 | ~830.13 | 99 | 308736) 1540.68]

Zoe2_| 170877 | —aSA38 |— 95 31a7aT | 157363 |

7 |3068 | 75794| 87897 | 96 | S09] 321s] 160655]

| 3135] 180780 | 90390|—97 | 3.726 | 338.18] 164039]

[73|328 | 185837 | 92919] 98] SS

74 | 3353 |190963| 95482 | 99 | S065) SATIRE | T70R9F|
s 3433196159 980.80, 100 6.086 3487.28 | 1743.64



Stem)

: XL Volume, biomass and carbon table for Duabanga grandiflora (DBH 10-

DBH| Volume| Biomass DBH | Volume | Biomass | Carbon

cm)| (my | Chgitree) | (gree) | (em) | (m’) | (hg/tree) | (kg/tree)

10 | 00a | 1882 | 91 a | 0690] 36387 | BI

1 | 0060 | 2277) 138) 32] 0755} 3074] 14037

12 | 007 | 2710 | 1335) 38 | 0782 | ao8s6| T4928

1 | 0085| 3180 | 1590} 34] —oms0 | 31693 | 1587

14 | 0097 | 3688 | ies | a5 | —om79 | 33585 | tora

1s | O41 | 4234 BAT % 0930 |355.31 177.66
126 | 4817 | 2809 | 37} 0983 | 37533] T4766

17 | ars | 3438 | 2719 | 38] 1036 | 395.89] 19798

18 | 0160 | 097 | 3048 | 39 | 1.092 | 417.00 | 20850

1| One | e795 | 3397 | ao] 11a] a3] aT8ST

m0 | 197 | 7527} 3763 | a1} 1306 | 46087 | 23083

a | 0217 | 8298 cre 2 1266 [483.62 [241.81

Bm | one | 9108 | 53a a | a7 | 0692 | 288.6

23 | 0261 | 9954 wT 4) 1389 [530.78 265.39

2 | Ones | 10839 | S419] as] 1453 [S558 | aT
35 | 030m | Tira} S880] 46] 1519] “Seo. | 290.06
3% | 0353 | aTa | e360 | 47 | 1585 | o0se2 | 3028

2 | 0339 | 137.18 8.59 8 1684 631.67 | 315.83

| 0386 | 14733 | 7376 | 49] 1.73] 63826 | 3093

| oaie | 15825 | 791s | so) 1.704] ~68S40| 342-70

04483 | 16936 2.052 WaT



"BHT |Volume mass| Carbon DBH | Volume| Biomass

‘LI Volume, biomass and carbon table for Duabanga grandiflora (DBH S1-

100 em)

Carbon

Cem | co) | agree) | (agtreey | (em | (my | (agree) | (agree)
| 78584 [39192 | 76] 4357 | 174065 [87033]

& [28 |was| ore] 7] aa ate
pS|2216 |a4632_|a0326| 78} aa tas| ae

2300_| WET) —aa938 | 79 | asa | aR | SOT
S|2386| 91161| a55a7 80 3.049] 1928.70 |96835 |

~2aTa |94506| 47253 at |S176 |197722 | one er
2363 | 979.12 | 48936 2 3305 | 202634 | 1013.17

[265]T0377 | 30689] a3 3-8 a7607| 1038.03|
2.746 | 1049.03 | 524.52 a) «S366 2126.39 | 1063.20

wo | 2840| 108690| Sana3 |as 700 | 71088.66 |
[2935| TaT36 | 36068 | a5 5s Tiras|

3033 |115843| 37921 | a7] 3971] | 114050
119610] 39803] a8 | e109 116687

O78 | _e | 629] aT |TRS]

636.62 | 6390 | 2aah.or | 122037]
1312.72 656.36 Hn) CS. 2495.56 | 1247.78

135280 | 67640 | —92 | ear] S507] TaTSaS]
1393.49| 696.78 |93) 6823 |2606467 1303.23

[3877-7739 “| 6971 |266282 | 3TaT|
147666 | 73833| 98 7.120| 2719.77 | 135989|

1s19.15 | 75058 96 =~ 7am | 277733 | 138867]

156225] 7812] 97 | 7433] Baasa9 | Tas

1605.95 | 80297 |— 98 377) 29826 | aa TF

1650.25 825.12 ” 7732_| 2053.63 | 1476.81|
1695.15 | 8757] 100 | 7.889 | 301360 | 130680



Appendix: XLII Volume, biomass and carbon table for Magnolia champea (DBH10 51

em)

“DBA |Volume|Biomass | Carbon | DBH |Volume | Biomass|Carbon|

(em)| (m’) | (kg/tree) | (kg/tree) | (em) (m’) | (kg/tree) | (kg/tree)

10 | 0.061 41.00 20.50 uM | (0530 368.78 184.37

i] 007s| a1] ae]2 Ta sert| TSO]
12 | 0.088 39.05 29.52 B 0.624 $17.86 | 208.93

13 | 0.103 | 6930 ses | COM 0.662 443.57 Ris |

ie] 020] W037 | 408} 35] 0702 |47004| 238.02

rE Wis} 36] 07] a9 | RS

Fie| 137} saa] 39 | 07a] 530]
395 38 | 087 | S408| 27704

oy as | 39 | aml | 38362)29181 |

Cal | 02| 7401 | 40 | 0916 | 61393 | 30697

0|024s|16402 |8201| 41 |0963| Gaso1 |32251|

0370 | 1808s| 90aT | 42 | 1010 | 67686 |33843

B | 0296 | 19846| 99.25 8 1059 | 70948 | 354.74

26|371[osm | ai6o1| 10E4e| | 1.109 a
ae | = | ==

0383 | 23618 | 11809 | 45 1.160 oY | 38837

2s | Ose | 25628 | iis | 46 | Bios | W596

3% | oar | 2779| 13839 | a7 war | 42381

on 07 |203

0.480 2147| 16078 | 49 [921.29|460.68 |

| osis| saga] i7aaz| 50 | 1432 | 95927 | 47964|

oss1 |30004 [18st | ST 7700| 113883 |30942]



“DBA|V

100 em)

ey Biomass| Ca

Appendix: XLIM Volume, biomass and carbon table for Magnolia champca (DBH S1-

Carbon]BH | Volume |Biomass|Carbon]

(em) | (m’) | (kg/tree) | (kgitree) (em) (m’) (kg/tree) | (kg/tree)
ST] 1700] 113883 | se9a2 |— 76 —] 3795 |-asam os Tne0

BE | 1767 | 118393 | 30197 | 997 595.98 | 1297.99

Tax | 123991| 61495| 78 | 3976 | aes| THOT]

[1906_| 127676 |—eaase | 79 |aaa]75039 1366,

ToT| aeaa| e238 | ao| ae | a0 a

2049 1373.08 | eReSe | aI | 4288| DRTTO THIS]
|2s 36} Tings] |2x07|Ta7303-]
218| ara| Fea] 301631| 1508.16

EN (C) 0945S

[15628-7982 33a | T5872
|162932 | —sia61 258.30 |TIS

1683.08 | 84134| 87 6| 331405|1637.02|
|TaTRT| 86-90] a8 ee
[Wasa |e967 |— ao |3468.17 |1734097]

2.761 1849.90 | 92495 | 90 3546.54 [1773.27

3625.79|181290]

T9859} —9827E | 9B 370592 | 185296

[20360| Tora30 | 93] 5082 | Sra 92 at ae
20838| 109229| —94 | S774] SBOE RO]—TO3aaT]

ee

|Tne | 10559] —96 | 608

|220079 |i388 — 97 aa

3aB_ | 233328| T1666| 98 | —6276| aa0s.06

307.64| 119 | ea0sRona

34628 [1 100)6533 | a37RasTae|



DBH|Volume | Biomass ‘arbon | DBA Volume | Biomass| Carbon

pendix: XLIV Volume, biomass and carbon table for Toona ciliata (DBH 10 -51 cm)

fem) | (im) | (kg/tree) | (kg/tree) fem | my | (kg/tree) | (kg/tree)
coy| 37a? |_|] 0a | aaa] aaa]

9| sale| 1659| 32 | 0axe | 20388} ne]
LT 

36 | 129.68|
Woes sea | BT | 38] ae B76
0.096 33.75 26.87 T 145.88|
“8110| 6170 |3085 |36) 0551| on

O15 7020_| 3510} 37} ose} Stes

"|eae |7925| 3963 |— 38] aaa] aa.aT
0159 | aaas |__| 39] oma] 30035] Ta]

|ory| 99.00 | 4930| —40| 0680 S807] 19035-]
y |086 | Tome]585 a 5} 40036 |20018]

| 821 |12038] wont | a3 750] as
0.237 1 6.36 a 0.786 440.37

0.259 145.07 | 72.53 | 44 0.823 461.09

026_| 15796 | 7898 | —48 one} waz 1

0306 | 17140_| 83.70 | a6] 0800] 03.56

o3aT_| 18538] 9269 | a7 | 0939] sent] ae

0357 |_19992_| 9996 | a8 0.980} Sa] —araaT

[9388 [21800 |10730| a9} oat] Shs] as
|oaa[23063| T1831 | 50 | 1083 S984]a7]
caer| aeat_| 12340} st] 1.714 ]-s00019-] seo]a|B J



Appendix: XLV Volume, biomass and carbon table for Tooma ciliata (DBH 51-100 em)

DBI| Volume] Biomass | Carbon | DBH | Volume | Biomass | Carbon

Gem | cm) | Gogtree) | ceptree) | em) | cm) | (agree) | (kytree)|
SI] 1716 | 960019 | ago01 |— 76 | 3.807 | 2131-898 | 1068.95

[st|17a? | oom036 | —a9.02| 77 | 3908 | 2188370 | 1098.19]

TaBT |1056791| S1eao | 78 | 4.010 | 2245580 | 1122.79

197 1076284 | 53814] 79 | a3 2303528 | 1151.76

[ss|199 | iivesis | S526 a0 |aie | a3e2214 | area

2.067 | 1157.485 78.74 8r 4 1210.82

Dist | 1199193 | 599.60| 82 44

1241639 | 62082) 83 4541

2604341 |

6437 a5 | F762 | 2666719
1373406 |68670| 86 | 4875 35) 139 |

varas0s | Tana}— a7 aa | Base | Ta968
Tass?| 7327 | a8 | 3.108] 2958279| TAROT

“2700| TSITIT | 75591 | a9 | 8201 | 2905609| 461.80

Z7as_| 15591 | 779, 90 | S339 | Doan a7e |Ta9a.e4|

[% | 2am|Too77e | 80389 | 91 | —SasB | 30sea84 | 152824]

OF | 2959 | 1eS6RTE | wIRAS | 92 | S579] 3128029| 1S62.0T

[@| 3088 | 1706700 | —¥5335-| 93 | S701] 392311 | 159616

[@ | 338 | 1757266 | areas] 94 | Sada | S2e1392 | 163067

[70| 3250 Tw0R STO | —90RDT | 95} S948] S53I.091 |TESS|

[7] [aRsosis |—93031 | 96 | 6074] 3401589 | 170079]
1913394 | 93670 | 97 | 6201 | 3470824| 173641

TSI | 1966913 | 98346 | 98 | 6330 | 3848,708 | T77BA0|

360 | 302.170| 101058 | 99] —6ao0 | 3617510| 180875]

3707 |2076165| T0308 | — 10d| 639 | Sova9e0| TaasaR|


