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HJTRODUCT 10 N 

This Volume II, as in Phase I Report, explains the 

details of methodo10gy for investigations and studies, 

carried out to collect the data and arrive at the results 

presented in Volume I of this Report. 

The basic techniques remain the same as in Phase I 

Report. The design for survey in Phase II & III was 

modified to get a better 'scatter' of samples in the 

area. r 2-point sample 1 clusters were spaced 3 x 3 kIn 

as against 18-point sample' cluster spaced 6 x 6 km in 

Phase I. Based on experience of the first survey in 

Bhutan fer this survey, mere vegetation classes were 

differentiated; stocking, slope and attitude classes 

were eleborated; soil texture and other characteristics 

were studied; data for accessibility was collected; stock 

mapping was done during inventory studies and incidence 

of grazing and fire incidence determined. These stUdies 

were not done. in Phase I Survey. 78 tree species were 

codified for Phase II & III as against 36 species differen

tiated in Phase I. All these sophistication of studies 

were based on the experience gained after Phase I Survey 

in Bhutan. 



All details of inventory field work
1 

volume cull 

studies, photointerpretation, data processing have been 

given in this Volume. In addition, the techniques for 

Market and Dema.nd Studies, with proformae and question-

naire have been reproduced so that data is appreciated 

in proper prospective and further surveys can be planned 

on similar lin~s. 

Illustrations and diagramA have been given to under-
stand the text better. 

It is hoped that this Vclume will enable the readers 

to understand and appreciate technical aspects of Volume I 

in a con~rehensive manner. 

Changlimithang 
Guest House, 
TH IMPHU, BHUTAN ' 

J.N. Mullick 
Project Director 

Preinvestment Survey of Forest 
Resources in Bhutan 
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CRAPI'ER - I 

INVENI'ORY 

1 . 1 .1 SAMPLING DE SIG N 

To decide the sampling intensity and design to be 
followed for the survey area, 107 random samples were drawn 
spread over the entire area in different forest strata. 

1.1.2 From the analysis of data carried out in the Data 
Processing Unit, Dehradun, it was found that about 330 clusters 
of two sample points would be sufficient to achieve the precision 
of + 1 C$ error for total growing stock at 95% probability level·. 

1.1.3 On the basis of experience gained in Phase I survey 
and the trial sampling carried out· in Phase II area, it was 
decided to slightly modify the Phase I sampling design for 
Phase II & III~ Two point single cluster sampling, by spacing 
the clusters 3 km x 3 km, was considered more suitable and 
adopted for the survey. Each cluster had two sample points, 
situated at 100 m. from cluster centre, in North-South direction 
as depicted in the diagram on the facing page. 

1 .2.1 SAMPLING CLUSI'ERS AND POINTS 

The cluster centres were marked on 1 :50~000 grided 
map sheets with a random start and identified by serial numbers 
and grid references of the map sheet. 

1.2.2 The following table gives the distribution of cl,:!sters 
and sample points over the entire survey area by catchments: . 

Catchment 

Sankosh 
Ai Chu 
Mangdechu (Tongsa) 
Bhumthang 4 

Kuru Chu 
Gamri or Dahgme 
Manas 
Nyera Ama 

Total 

No. of sample . 
No. of clusters points (inside 

survey area) 

114 
74 

333 
241 
139 
140 
128 

60 

1229 

• 228 
148 
666 
482 
278 
280 
256 
120 
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1 .2.3 S-i.nce sy:::-tematic sampling design ",as adopted? the 
repre~entation of each sample point is approximately pre-
portionate ~o the geographical area under different catchments. 
Distr~'nution of sampling clusters in the survey area is 
shown in two ~lagr?ms on the facing page. The sampling 
cluster apd pqints '''ere transferred on to aerial photographs 
for fa~il~tating Ioeation. 

1.2.~ o~t of a total of 2458 sample points inside the 
survey area, 14-01 points: falling in fore~ts were actually 
visJ.. ted and complete 'data, collected .and vicinity of 131 
forested :!Joints was visited-. In addition, Lr97 sample pOints 
falling llnder habitation, cultivation? barren land and 
pastur~ ~tc. were also visited to check if any changes have 
taken pla-::e from tbe'time when photography was carried out. 
429 forest'3d sample points could not be visited cluE' to 
inaccessibility. 

1 .3.1 FI~.PROCEDURE 

8 Crews were deployed- for carryihg out inventory 
work. The Crews were led by .Tunior Technical As.sistants 
having long experience of inventory work in the Himalayan 
regio:1. F,ach Crew Leader w_as' assisted by one Dy. Rang_er 
and 3 traJ..ned Fieldmen. . 

1.3.2 The sampling elusters were loeated on the ground 
with the help of t.opographic map s-heets-p,nd aeria+ photo
grap~ by following the traversing proeedure. An accurate 
record of the approach followed by the Crew for locating 
the sample points, -by giving proper referenees on promi?1ent 
trees and othe-r oojects was .kept. This 'was ,to- -enable· the 
check crew to ~ocate the sample point. 

1.3.3 Field Forms: The Crews colle~ted inventory data 
at each sample point in the following field forms: 

1 ) • 
2) • 

t~ : 
Plot D'es(!ription Form 
Tally Sheet (Live Tree) 
Tally Sheet (Dead Tree) 
Sample Tree Form 

BHI-1 
BHI-2 
BHI-3 
BHI-4 

1 .3.4 Instrwnents: The modern instruments like 8pie'·'3.1 
Relascope-; Blume L~iss Hypsometer, Silva Compass, Pi'ess:!, \rts 
Borer etc. were used for measurements and data col13ction. 

1.3·5 Detailed instructions issued to the Crew Leader 
for fillir~ up the codified data in various f:j_eld form:::; 
were c0nt: ',ned in -a Fie-ld t·fanual. The important 
tec~c~l details of the methodology adopted are given 
in the fol:owing paragraph. 
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1 .4-.1 PLOT DESCRIPTION FORM: A specimen form is given _ 
at page No. 4" ~:'--i-;:h'e--iris-tructions i'or filling up this form 
are given below: 

Item No. Col.No .. 

1 1-3 

2 4-5 

3 6-7 

4- 8 

5 9-10 

Code ;rnstructi~ 

JOB ) Leave these 

CARD DESIGN 
) c 01 umns blank 
) (to be filled by 
) Data Processing REPORT NO. ) Unit) • 

SUB REPORT 
) 

NO. ) 

QRJ2.VLP~.&7)~B.: The appropriate 
Code :No. of Crew Leader should 
be entered. 

The follovJing general i.TIS '~ructions should be 
noted for filling up Colo 15 to 18, 32--4-1 and 47-61: 

(i) If point classification (Colo 11) is 2, 
Col., 15 vTill be filled up \-lith the help of 
photo clas s1fication and Col. 47-50 will be 
filled up \"ri th the help o f map in the office. 

(ii) If Colo 11 is having Code 3 , Col. 15-16 will 
be filled up from photo classification and 
so also Col A 17--18 if not already filled up 
in the .1.~lelil. Col., 4';···G i ..... ill be filled up 
from the map. 

(iii) If Code in Col. 11 is 4~ Col. 41 (regere::mtion) 
."'ill not be filled up even if the sample point 
has actually been visi.ted and only tally could 
not be taken. 

(iv) If Code in Col.16 is lr~ Col. 32-40 will not 
be filled up. 

(v) If. Code in Co1 4 33 is -1, Colo 32 and 34-40 
will not be ftIled up" Put (-) in these 
columns~ 
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Specific instructions for f'il::'__~_Lg up Columns 11 
to 80 are as follows: 

Col.No. 

6 11 

7 12 

POINT CLASSIFICATION: Write the 
approiirj_ate Code-depending upon 
the classification given as 
undeL': 

1 Sample po~nt falls outside the 
survey area ,. 

2 Sample poj~nt rejected by aerial 
recOlli!aiscance or by the study 
of map or aerial photographs. 
These aTe the non-forested points~ 

3 Fores~eQ 0r non-forested sample 
point -\·,hich could not be approa
ched. due to :Lnacccs si bili ty" 

4 Forested or no~·-forested Sample 
point vli10[;G vicini ty visited but 
tally and othe:;:- measurements 
could not be taken. All Cols. 
in PD3' are ·filJ.eci up except the 
regc:1Gl'ation Column in case of 
forf'.s+0("1 ~c>·r-.'llJ poj_nts. It Will 
incl1.:~d(~ points Yi~i ted where 
tally could not be taken due to 
Sudden fall cr any other 
obstructicn.,. 

.'i Sample po:Ln.t v:Lsi ted and all 
data coll6ctecL '1'11i3 includes 
all yj_;:j. ted Sample points whether 
forested. 0:::" nOll·~forestedo 

6" Saml)] e points lying on gaps for 
'ltlhich maps c:md./or photographs 
are no-:::. a"T:2.ilQ'ole ~ 

FO~ESI' DIVISION: 11/rite the Code 
o~-;''' thc-~;'oiest,- Division in which 
the 82.mple point lies c> 

1 Tl1in~r.c.u 

2 S amch.i. 



Item No. Col.No. 

8 13 -14-

15 

.~ 6 -

3 sarbhang 

4 samdr~p Jongkhar 

gATC~N~~ Write the appropriate 
Code 0;" ·the catchment" 

05 Sanl~osh 

06 Mangde chu 

07 Bumthang 

08 Ai Chu 

09 Kuru chu 

10 Gamri or Dangme 

'11 Hanas 

12 Nyera Ama 

1Al'-TD CL4SS : , Consider the present 
land use of the area represented 
by the sample point and classify 
in one of the appropriate land 
clas ses giv(:;n below" The minimum 
area to be reckoned for this 
purpose is 2 ha. around the Sample 
point .. 

1 Forest land 

2 Cultivation a.nd habitation 

3 Alpine pastures and scrubs 

4 Snow covered land 

5 Barren land 

6 Water spreads 

7 other lands 
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Item No. Col.No. Code - Instructions -----
The following definitions of the above referred 

classes will help in determining the land class of the SaIllple pOint: 

1 Forest Land: It includes all ~--.-,-----

lands with forest cover whether 
natural or man made. The 
follOWing categories of land 
also come under this class~ 

(a) Temporarily understocked or 
unstocked areas e.g. recently 
worked forests yet to be 
restocked~ 

(b) Young natUral regenration 
and forest plantations at 
any stage of growth. 

(c) Bamboo bearing areas either 
in pure fcrm or in mixture 
With other species. 

(d) Land SUrface covered with 
degraded forests containing 
stunted and/or scattered 
tree growth and Scrubs • 

. (e) Roads passing through forests, 
forest nurseries and other 
establiShments, small streams, 
small grassy blanks and open 
areas (upto 2 ha,,) which 
constitute an Jntegral part 
of the forest" 

(f) Abandoned shifting cultiva_ 
tion l.vi th or without 
regrowth of trees~ Isolated 
tree groups smaller than 
2 ha falling in habitation 
and cultivation areas will 
be excluded 0 



Item No. Col.No. , . 
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Instrlictions 

2 Cultivation and habitation: Land 
primarily used for agricullfural 
purposes including horticulture 
and fallow lands with or without 
scattered tree growth. Current 
shifting cultivation vJill be 
classified as cultivation. Culti
vation would also include 
plantation raised for non
forestry purposes by any public 
or private agency mainly for 
raising crops of commercial 
importance e.g. Apple, Plum, 
Orange, Peach, Cardamom etc. 
Areas· set aside mainly for resi
dential and industrial purposes, 
both for civil and defence 
e.g. villages, towns, cities, 
factories and defence establish
ments etc. shall be classified as 
habitation. Habitations will 
also include air strips and roads 
etc. 

3 Alpine pastures and s~rubs: This 
includes grassy blanks in tem
perate region above 3000 m 
elevation. These mayor may not 
have scattered tree growth and 
mayor may not be surrounded by 
forests. 

In case the alpine pastures are 
surrounded by forests and are 
smaller than 2 ha in extent 
these should be classified as 
forests. Areas covered by scrub 
vegetation in the alpine zone 
will be included in this 
category (e.g. dwarf rhododen
drons and straggling junipers). 

4 Snow covered land: Areas above 
the tree ·line which are more or 
less covered with snow through 
out the year. Areas getting 
seasonal snow cover are not 
included in this class·. 



ltem No. Col .. No. 

10 16 

Code -
5 

6 

7 

- 9 -

Instructions 

Barren land: Lands covere d with 
exposed rocky ove rlays , preci
pitous slopes and ove r hanging 
cliffs, ridge tops et.c . , vlhere 
vegetation growth is abs ent due 
to adverse climatic, ed.aphtc or 
biotic conditions l":il 1 be classi
fied under this category . 
Normally, productive soil cover 
is missing from such sites~ 

yater spreads~ Area of l and 
covered permanently or seasonally 
l..,i th water such as lakes , r eser
voirs.1 tanl~s and ponds of more 
than 2 ha, rivers and streams 
1,vi th a bed of 100 In or more in 
average width AhaI l be classified 
a3 water s preads, 

other lands: Land not inc luded 
under any of the above categories 
vTi11 be classified. under this 
class. 

VEGETATION: This column is t o be 
filled-Up-only for t hose s ~~ple 
points that have been classi fied 
as Forest Land lL1'1der the land 
class Column . ObserJe the gr owth 
in the locality t o an ext ent of 
2 ha or more and clas3ify it in 
one of the following classes: 

1 Natural forest~ Areas haVing 
natural vegetation coy er of more 
than 20% Crellin dens: t y used 
primarily for the purposes of 
forestry shall be P'..;_l under this 
clas So This wi.ll :i.nc l ude: 

(a) temporarily nnderstocked or 
unstocked areas due to clear 
cutting, regeneration felling 
or burning; 

(b) young natural regeneration; 

l 



Item No. Col.No ~ 

2 

3 

4 
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(c) ban-loco bearing area.s either 
in pure :.'.)rm or mixture ... -rith 
oth~r species and 

(d) roads rassi11g through forests,. 
forest nqrosrios, small 
s trcsms;. s:?lal1 open areas or 
gr8.sf:;Y blank2 (less than 
2 11,;,.) w}lj,ch constitute an 
intogral part of forest. 

}lan l'rad(~ :' O~C,)2':_:'S: All plantations 
prlmal:i~;,y u,s'~clf'or forestry 
purp;)sC::3 :>C 2.i1J stage of grmrth 
are i~1(, ,;l)a,f::;d. ':'l'l '(.his catepory. 

Dcarad';->Ci 'fox:::"'t.-,: li'orest land -~., ..... - .. -",-_-"", ,-_._ 
badly '~v£:-:,:,(}.,J8d clue ':;0 biotic 
influ"mce" Sl1::;h 8.5 _grazing, 
lopni_ng ., j_L",,'. ~' ''_~:'J. .. ,!!·i.r'lo..te felling, 
~e~~atel fi~~ etc. Scat tered 
mali'o~i--:1C:.:; tr,~e') m.J] '00 present, 
CrOvl[1 ClEH'J.i' :l., y of trees is gener-
0.11:-/ Jr 3 3 t;/~ :. ~ ,=;.', foot paths 
and g;::'aziTIg T "~~'iJ'~ aI'S commonly 
notj,c"d. .;:)\...,:11 c~~. C.c"_.3 occur mostly 
nea:c c..' \. ... ..... .l ,L·..:.ti:!T,j_on and are 
easily ;. ~c ,~.:; ::db2.9 " Shi fting 
cuI tj_"'2~ti c -: :_; )Ol' re-groHth 
may .al-so L~ (;J.u.s:nf:i.ed j,n this 
categrjTY. 

10"1 LEV1',i Y'-;: )JJf' : 'l'h5 s includes 
-a::::--e~';"'-}:;;~·::'il- '. -:'n- - ... ,-~ c:cru-os .. .L j~" _.!. f"J., \I .~- . "!'t..: L_·J~ .... \.~,~ .~), _ , 

bush'x~ c.£l::' (;1'2.3 "'98 almost devoid 
of t,rGcs cnli (.:,. .... :·;·,J..J:':i.ng mainly on 
poor s~~.t(::;" Sc-j,l erosion may be 
pr'3 ~ e' ~" 1 I..~(../:; pr.:l.tn[; and. grazing 
trai_lc al>: C0",,",'1 ~'nly not:i_ced. 
This \,i : 1 :L~ ::<_, _;_r:cl1..~de the scrubs 
occur:Ln'! :Li.1 "1pJ.ne zone above 
3COO i~ ~'~.sva:::;~.(;.1 > 
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Instructions 

FOREST TYPE: Observe ~n area of 
'2· h'a around the sample point and 
'clCi:ssify the crop into one of 
the following forest types~ 
. . ,*, 

" Chir' pine 

Blue pine 

Fir-spruce 

H.emlock 

Larch 

Juniper 

07 Mixed conifers 

08 .. "Conifers miJ(ed with broad leaved 
s.pet_:!ies 

09 Upl~nd hardwoods (broad leaved) 

10 oaks 

11 Low l?-nd hardwoods (broad leaved) 

12' $?-1 

~~~he'~roportion of a species is 
:5'0% or 'more of the crop, it will 
form its own forest type. In 
c~s'e of: mixed conifers, the pro-
portion of conifers should be 
more than 5ag of the total crop. 
l,fuen the conifers and broad .. 
leaved species occur in more or 
less same proportion, it should 
be.,.c;J_assed under conifers mixed 
with broad leaved species type . 

. Br.oad, ;leaved species found below 
'the, elevation of 1200 m shall be 
,catego'rised under Forest Type 
-No. 11 or 12. Similarly, broad 
leaved species found above 1200 m 
altitude shall be classed under 
For:~st Type No. 09 & 10. 
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Instructions 

SPECIES STOCKING IN FOREST: h{ri te 
the appropriate code of species 
and percentage code in the 
columns provided for each. 

For filling up these columns, 
observe the forest in at least 
2 ha around the sample point in 
the forest type in which point 
lies and occularly assess the 
composition of tree species 
present. Columns are provided 
for recording t~e percent~ge of 
three species in order of the 
percentage of their occurrence 
starting with th~ species that 
constitutes the highest percen
tage of the crop. If there are 
more than three species, group 
the remaining' ones under the 
category of. Clrest of the 
species rr and give their percen
tage in Col. No.31. No species 
Code Column is provided for this 
item. If the number of species 
is less than three, write "OOOIt 
in the unused species -Code 
Columns and '0' in the percen
tage Column. The 'Percentage 
Codes Will De -as' una,er7:" ~ -

1 Less than 20% 

2 20% to less than 3~ 

3 30ft. to les s them 4~ 

4 40$ to less than 5~ 

5 5~ ·to les s than 6~ 

6 60% t~ less than 7($ 

7 7fJ'/, to iess than 8~ 

8 80% to les s than 90% 

9 E~~to~m~eilian9~ 



Item ~ro. COl.No. 

13 32 

1 

3 

- 13 .• 

Write the code for stocking per
centage £or species indicated in 
Cols. 19,:"21 23-25 & 27-29.; in 
Cols. 22, 26 & 30 respectively. 
In Col < Ho" 3'1 'I write the stock
ing perc~ntage code for species 
grouped 3.S "rest: of the species". 

NUNBER (iF .STOREYS: Observe the 
forest ;iround the-point in an 
area of 2 ha. or more and find 
out the vertical distributi0n of 
heights of trGes~ If it is 
possible to see distinct layers 
of forests at different heights 
formeci by th~ tl'ee crowns, 
classi~J the fo~est in the follo
wing :!ategories ~ 

,Single storeYed forest: vlh~re 
all the trees a:rGinore or less 
of the sa;-ne bslght f()rm1ng 
singlo Canopy.. A small yaria.
tion of height may exist in this 
case. 

Two storeyed foros-c: \\There vari-~-f-_"-f--'''''''''-''''.''_'''----' ___ 
atian in heights is such that the 
crop1 Shows tv,o (]j s tinct canopi ~s 
at two .different heights. 

Hulti-s<torey'e~1.1_Q:r~~_1~ . .:_ l.fuere 
more. than 2 stor'eys or canop1 es 
forming diffE:nmt· layers of 
c.rown are (li r; tinctly vlsible:~ 
In coniferous zones such forests 
a,t'7 generally n:rt met wi. th .. 

:\fote: Scrubs sh(mld not be 
considered as separate story,~ 



Item No. Col.No. 

1y. 33 

15' 34-35 

16 36-38 

Code -

- 1y. -

Instructions 

SIZE CLASS: In about 2 ha area 
around the Sample point, observe 
the most prevalent diameter class 
of the species constituting the 
forest type in which the Sample 
point falls. :Measure the dia
meters of about, 10 trees represen
ting the average size of the 
main species and classify the 
crop as follows: 

1 Less than 5 em 

2 5 cm to less than 20 em 

3 20 em to less than 30 em 

y. 30 em to less than 40 em 

5' 40 cm to less than 50 em 

6 50 em to less than 60 cm 

7 60 cm to less than 70 em 

8 70 em to less than 80 cm 

9 80 cm and above 

TOP BEIGHT: S elect a m1..nl.mum of 
three dominant trees from the 
top canopy of the main species 
of the forest type in which 
Sample point lies and measure 
their heights. Average out 
the heights and record to the 
nearest metre. 

TOP DIAl-illTEfu The dbh (ob) of 
the trees selected for top 
height measurement should be 
measured, averaged and recorded 
to the nearest cm. 



Item No. Col.No. 

17 39 

18 4-0 

Code -

- 15 -

Instructions 

SPACING: Measure spacing of ten 
trees representing top canopy in 
the vicinity of the sample point 
within the forest type in which 
the point lies and calculate the 
average spacing. Record it in 
one of the following classes: 

1 Less than 1.5 m 

2 1.5 to less than 3.0 m 

3 3.0 to less than 4.5 m 

4- 4.5 to less than 6.0 m 

5 6.0 to less than 7.5 m 

6 7.) to less than 9.0 m 

7 9.0 to less than 10.5 m 

8 10.5 to less than 12.0 ill 

9 ., 2.0 metres and above 

CROWN DENSITY: The crown density 
indicates the degree of close
ness of the tree crowns. As the 
openness of the crown increases, 
the density decreases. Examine 
the crown density of the crop 
represented by the sample point 
and record one of the following 
Codes: 

1 Less than 0.2 (20%) 
I 

2 0.2 (20%) to less than 0.4 (40%) 

3 0.4 (40%) to less than 0.6 (60%) 

4- 0.6 (60%) to less thanOO.8 (80%) 

5' 0,8 (80%) and above 



Item No. Col.No. 

19 4-1 

20 

21 4-3 

1 

2 

3 

- 16 -

Instructions 

REGENERATION: All seedlings and 
saplings of less than 5 cm in 
dbh Cop) of commercial tree 
species are to be considered as 
regeneration. Draw a circle of 
2 metre radius around the sample 
point and count the nu.lJ1ber of 
seedlings and put the appropri
ate Code. 

Profuse 

Adequate 

Scanty 

15 and more 

8 to less than 15 
-

1 to less than 8 
4- Nil 

LEAF' LITTER: Select a si te near 
the ,plot centre ..",hich is not 
disturhed by the Crew during 
its work. A pit of 30 cm depth 
or more Will be dug at this 
site ,for collection of Soil data~ 

• 
The undecomposed l e aves, needles 
and tWigs on the forest floor 
are l{nmm as leaf litter. 
Mea~u.tg the thickness of leaf 
litter and record one of the 
C'odes given below: 

1 Leaf litter absent 

2 Less than 2 cm 

3 2 to less than 5 cm 

4- 5 cm or more 

HUMUS: Humus is the decomposed 
leaf litter or organic matter 
forming the top horizon of the 
soil •. In case leaf litter is 
present, remove the same after 
recording its measurement and 
dig the soil slightly to measure 
the depth of humus. Care should 



Item No. Col.No. 

22 44 

23 45 

- 17 -

~~ rfistructicns 

be taken to di:'ferentiate humus 
from dark colourec_ mtneral soil 
and leaf Ii tter. Depending 

'upon the thi_clmes ~ of' humus, the 
Codes will b3 s.s 1'ol1ml}'s: 

1 Humus a'.Jsent 

2 Le.~s tha'l. 2 em 

2 .cm to less tiEl1 5 cr.} 

5 em or mor:: , . 

'SOIL DEP'+.I:tL '.rIle pit for measuring 
soil dep"i.:h ,shcul(l be dug up·to 
30 cm dCJ?t~1 o:c UT/to the parent 
rock ~ ':::1::_8G.r:~,-e:::, :u-: less c Measure 
t[.le depth vi' minoral soil and 
record '-" . .Lth one of the Codes 
given bclmn 

1 No soil (~'jhe~-l rock surface is 

2 

3 

1+ 

5 
6 

tess 

5 to 

10 to 
-- . ' . 
20 to 

30 .<;!m 

cxpc..ceJ, Or' Oilly boulders/ 
pebbJ.('s ,=-G~e pl'esent upto 
l... c.;_~l- ':' : 1 of 30 cm) 

than ,..' 
CD' ...,_ 

" 

less ~L!}.:-,~'": :0 em 

l.es,t:{ ·t, ~~. q.i1. 
r-.. ,..., 
c::v c:n 

l··jC-C - \ .... r..J.:> ti'J.an :;0 em 

Ol~ morc 

SOIL m:21t:U.3.: T.e':cC1.{rc refers to 
the sizG'-o{-~~ o:LJ. particles. 
For determin.:l::1J the texture 
examine S0::.~1_ below the hu...'1luS 
layer (v-i"hon present) <> Soil 
particles should be felt bet
\v8en the fingers. Classify 
the text~r~ in one of the 
following C odes~, 



Item No. Col.No. 

24 46 

Code 

1 

2 

3 

4 

5 
6 

7 

- 18 -

Instructions 

Clayey 

Clayey loam 

Loam 

Sandy loam 

'Sandy 

Pebbles 

No soil 

STONlNESS: Observe the area of 
aqout 2 ha around the Sample 
point and consider the extent 
of rocks/boulders greater than 
25 cm in diameter. Any thing 
less than 25 em in dia. weighs 
less than about 40 kg and can 
easily be moved manually. Cla
ssify the Sample point in one 
of the following classes and 
vrrite the appropriate Code. 

1 Stones/boulders are absent 

2. Less than 30% of the land surface 
is covered vii th stones/boulders. 

3 3 a% to 60% of the land surface 
is covered with stones/boulders. 

J-.{ore than 6010 of the land surface 
is covered with stones/boulders. 

TERRAIN DATA; Terrain refers to the altitude, slope, aspect 
and the accessibility. This data is to be read, measured 
on ground and calculated with the help of 1:50,000 maps and/ 
or photographs of the area and recorded as follows: 



Item No. Col.No. 

25 4-7 

26 48-4-9 
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'" , Instructions 

ALTITUDE: Altitude of the Sample 
point shall be c6ded into one of 
the following classes depending 
on its elevation from Bean Sea 
Level as read from 1:50,000 maps. 

1 0 to less' than 500 m above msl 

2 500 to less than 1000 m above msl 

3 1000 to less -,than 1500 m above rnsl 

4- 1500 to less than 2000 m above msl 

5 2000 to less than 2500 m above msl 

6 2500 to less than 3000 m above rnsl 

7 3000 to less than 3500 m above msl 

8 3500 to less than ~OOO m above msl 

9 4000 m and above 

SLOPE: Measure the slope in de
grees with an angle measuring 
instrTh~ent, uphill and downhill, 
over as long a stretch as possi
ble. Take the aVE>rage of the 
two slopes and record as per the 
Ccjes ~iven against each range 
of slope.. Also cross check with 
the slope as calculated from the 
map. 

01 0 to le'ss than 50 

02 50 to' less than 10° 

03 10° to less than 20° 

04 200 to less than 300 

·05' 300 to less than 400 

06 40° to less than 45° 

07 4-5° to less than 50° 



Item No. Col.No. 

27 50 

Code -
08 

09 

10 

1'1 

12 

13 

- 20 -

Instructions 

5'0° to less than 55° 

55° to less than 60° 

60° to less than 65° 

65° to less than 70° 

70° to· less than 75° 

Over 75° 

ASPECT: Refer to the general 
direction of the slope in which 
the Sample point falls. For 
this purpose study prominent 
features on the map and determine 
the general direction of the 
slope. l-lith the help of compass, 
determine the aspect keeping in 
view the general direction of 
the slope as studied on the map. 
Aspect should be recorded in one 
of the following classes: 

1 North 

2 North-East 

3 East 

4- south-East 

5 South 

6 south-West 

7 West 

8 North-West 

9 None 

ACCESSIBILITY: Accessibility refers to the approachability 
of the Sample point from a motor road, mule path or a 
floatable river/stream within the same drainage in which 
the point falls. Measure the horizontal distance of the 
Sample point from the nearest motorable road, mule path or 
river on the map and record one of the following codes in 
Column Nos .51, 52 & 53. 



Item No. Col.No. Code -----
1 

2 

3 

4 

r; 

6 

7 
r. 
(j 

28 5'1 

29 52 

30 53 

31 54-58 

- 21 -

Inst,ructions 

Less than 1 km 

1 to lE:sS thaYl ~ 
-' km 

3 to less than 5 kt'11 

5 to less than 7 km 

7 to less than 10 l'l:m 

10 to less th:tn 15 km 

more than '15 km 

Not applicable 
. 

'DISTANCE TO RO.t1!2l Distance to 
the nearest rnotorable road 
should be mec.sured on the map 
sheet ana appropriate C ode as 
above should be recorded. 

DIST JUJGII! TO l'1ULE PATH: Heasure 
the' brj_zontal"CiTstance to the 
nearest mule path, bridle path 
or foot pa.th -14i th a minimUltr' 
width of.2 metres and record the 
appropri:ate distance Code given 
abov~ • 

I 

DISTit:\TCE TO R.IVEBJ STREAM: Measure 
't'fi0"110rizont:ar-aIstance Eo the 
nearest perennial river/stream 
which are marl{ed in blue colour 
on the. maps and record. appropri
ate Code. In 1:) 'l,rdwood forests 
Code No.8 (trnot applica.ble!!) 
should be filled up~ 

RoAD DISTA]\fCE TO MA::1IffiT OUT 
IJET: 1:f1le actual cl.i_stance between 
the -n9~irest road. point from tbe 
cluster centre and thf~ pre
determined market outlet will 
"be recorded :I.n t~hese C olumns ~ 
In the 'f,il.'s'C t\vO Cols. (54'755) , 
th~ truckable Kaccha road dis
ta.Q,Q;t& wiTl be recorded in km. 



Item No. Col.No. Code -

I 

32 .59-61 

33 62 

~ 22 -

Instructions 

,In the next three Columns 
(56 to 58), the pacca road 
distance between the nearest 
road point from the cluster 
centre and the market out-let 
will be recorded in kID. 

Note: Col. 54-55 ~cha road 
distance: Crew Leader will not 
fill up these Cols. but wri te 
the actual distance on the back 
of PDF. Nearest road pOints 
should be taken on the road in 
the catchment in which the 
cluster lies. The distance will 
be rounded off into 10 km 
classes. 15 will be 10 and 16 
will be 20; Then the last digit 
will be struck off and the 
remaining two digits entered in 
this Col. Thus entries will be 
recorded in Code as under: 

Distance in 
krn 

15 
83 

126 

Entry to be 
recorded 

01 
08 
13 

RIVER DISTANCE TO MAc"'iKET 
OUTLET: The river distance bet
ween the nearest floatable' point 
from the Sample point and the 
market outlet will be measured 
on the map and recorded in krn. 
This information shall be filled 
up in the office. 

GRAZING INCIDEHCE: Observe an 
a:r8a of about 2 ha around the 
Sample point to find out whether 
the area has been subjected to 
grazing ty domestic cattle 
including Yak. The following 
Codes should be given depending 
on the intensity of grazing _ 

." 
" , 



Item No. ColoNa. 

34- 63 

35 64-65 
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Instructions 

1 Grazing absent 

2 Hoderately grazed 

3 Heavily grazed 

FIRE INCIDENCE: Make a general 
observation of the area to detect 
signs of fire incidence e.g. fire 
scars on trees, bu~nt stumps 
etco Classify in the following 
Codes. 

1 No fire incidence 

2 Area subjected to occasional 
fires 

3 A.rea subjected to frequent 
fires 

HAP SBEST NO: Give appropriate 
Code of map sheet in which 
Srunple point falls. A list of 
map sheets with their Codes is 
given below: 

01 78 114-

02 78 1/6 

03 78 1/7 

04 78 1/8 

05 78 1/10 

06 78 1/11 

07 78 1/12 

08 78 1/14-

09 78 I/1) 

10 78 1/16 

11 78 N/3 



!-
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Item No. Col.No. Code Instructions 

36 

37 

39 

1 .5.,1 
251:? • 
below: 

12 

13 

14 

15 

16 

66 

67-74 

75-78 

79-80 

78 }1j)+ 

78 1'1/7 

78 M/8 

78 M/11 

78 H/12 

~Q.T NO t \'Tri te the plot no. 
for which data is being 
collected. 

'CLUSTER CENTRE GRID REFERENCE 
ICCGR): Write the grid reference 
of the cluster centTe4 

CLUSTER. NO~ Give the serlal No. 
of' the cluster. 

INVENTORY DESIGN: Leavo the 
Columns bla..'1k to be filled 
up by Data Processing Unit. 

Tally sheet: A specimen form is gj.ven at pag'2 No.25a & 
The instructions for filling up t.his form are given 

1.~.2 The Tally she~t is required to be filled in only 
when the point classification is 5 and land class is forest 
and vegetation class is 1-3 (natuTal fores-cs~ man made forests 
and degraded forests) • 

1 .r; .3 Tally sheet is used to record the data of all the 
I IN' trees '\Ilhich have, been tallied ",Ii th BAF-2. 

1 .5.4 The BHI-2 is used for recording the data of all live 
trees tallied 'IN' whereas the data for dead trees tallied 
'IN' is to be recorded on BHI-3. The format of various items 
for which data is to be collected is same on both forms. 

1 .. 5.5 Data collection: Tally should be taken by st~'1ding 
at the Sample point by Relascope using BAF-2 starting from 
North and moving in clockwise direction in 8. fu.ll circle" 

, 

All live trees tallied 'IN' should be blazed and 
serially numbered in the same sequence in which'tally is taken. 
Trees of less than 5 em dbh (ob) should be ignored. However, 
the dead trees should be tallied and blazed. No ser5_al num
ber should qe given to the dead treeso 
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The species of tallied dead trees should be 
identified and diaineters recorded separately on BHI ... 3. 
Identification of dead coniferous tre~s should not pose 

,much problem. However, in case of broad leaved species, 
~the trees may be classified as miscellaneous if correct 
identification is not possible. 

\'lhile taking tally with Helasc.ope, if there are 
any marginal trees, the diameter of the tree and its hori_ 
zontal distance from the centre of the tree to the Sample 
Point should be measured in order to ascertain whether the 

" :tree is r IN I or 'OUT I • 

1.5.6 Diameter measurement: The dbh (ob) should be 
measured with calliper for all 'IN' trees. Two diameter 
measurements should be taken-first towards the Sample 
point and second perpendicular to the first diameter to the 
nearest centimetre, (round off 0 .. 5 cm to nearest even 
number e.g. 1105 w~ll be 12 and 10.5 will be 10). 

Note: 
" 

(i) In hilly areas the bh point (1.37 m)from 
the ground level should be reckoned from the 
uphill side. 

(ii) 

(11i) 

In case there is abnormality like swelling or 
hollowness etc. at the bh pOint, another . ~ 
point for mea;:>urement e~ther 11 ttle above or 
little below the actual breast height point 
should be taken. " ,'~_~ f:: 
In case a tree is forking below or at the bh 
point, eacp stem o~inating from the point of 
forking will be considered as a separate tree 
and each Will be measured separately for 
diameter. 

(iv) 'If the forking is just above the bh point and 
the breast height shows some abnormality on 
account of the effects of for~ng, the dia
meter. should be measured at a point below the 
bh point. 

(v) While taking bh ~ameter mea~urements, the 
arms of the calliper should be kept perpen
dicular to the axis of the trees. While 
measuring the diameter of the tree towards 
the Sample point, the longer arm of the 
calliper should be pointing towar~s-the 



(vi) 

"(vii) 

-
(viii) 

-- ~- ~----------
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Sample point, whereas while measuring the 
diameter ir. the direction perpendicular t~ the 
Sample point, the lonser arm of the calliper 
should be pointing in the direction at right 
angle to the direction of the Sample point. 

When due to the large diameter of the tree it 
is not possi.ble to measure the diameter by 
calliper, m-3asure the girth by tape in centi
metre and rr;.li tiply by 0.318 to get the diameter 
in centimetre. If the girth is 150 cm, then 
diameter will be 150 x 0.318 = 47. 7 or 48 em. 
This value Should be recorded in bJth the dia_ 
measurement Columns. 

If the two ,j iame ters differ i'rom eaoh other 
by more tha~ '5QG, give reasons for variation. 
The percentage will be calculated with respect 
to lower dLimeter measurement. 

In case of I~allied trees diameter measurements 
, of which is not possible for one rGas~n tlr 
another, the measurements Should be re~orded 
by occular '~stimate giving reasons in a :f~ot 
note. 

1.5.7 The following coding format shoulctl be followed :for 
filling up data on b.th f)rms of Tally sheet. 

Item No. Col. No. 

1 1-3 

22 4-5 

3 6-7 

4 8 

5 9-11 

6 --12-14 

? 15-17 

8 18-20 

3 

2 

2 

1 

3 

3 

3 

3 

.Instructions 

.Job No. (leave it blank to be 
filled by Data Processing 
Unit). 

Card deSign (-do-) 

ReportnNo. (-do .. ) 

Sub Rep ort Nc. (-do .. ) 

Species Code 

Diameter 1 in cm( towc.rds P.C.) 

Diameter 2 in em (at right angle 
to cia 1) 

Species Code 



Item No. 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24-

25 

26 

27 

'j 

Col.No. 

21-23 

24-26 

27-29 

30-32 

33-35 

36-38 

39-41 

4-2-44 

4-5-47 

48-50 

51-53 

5'4--56 

57-59 

60-62 

64-65 

66 

67-74-

75-78 

79-80 

- 28 -

Code Instructions 

3 Diameter 1 in crn 

3 Diameter 2 in cm 

3 Species Code 

3 Diameter 1 in em 

3 Diameter 2 in em 

3 Species code 

3 Diameter 1 in em 

3 Diameter 2 in cm 

3 Species code 

3 Diameter 1 in cm 

3 Diameter 2 in cm 

3 

3 

3 

2 

1 

8 

4-

2 

Species code 

Diameter 1 in cm 

Diameter 2 in em 

Total no. of trees in t:~ tally. 

Sample point number 

Cluster centre Grid 
reference 

Cluster No. 

Inventory design(leave .... blank 
to be f- - _led by 
Data Pr~ -(- essing 
Unit). 

Note: If there is no tally, fill up only Column No ':'+ to 
"78. of BRl -2 and BHI-3.. In such cases write t· Jon 
in 'Column 64-65. 
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1'.6.1 Sample Tree Form: A specimen form is given at 
page~~o. 30. The instructions for filling up this form are 
given below: 
r 

1.6.2 The sample tree form is to be filled up for all 
the Sample points whose po:nt classification is 5 and land 
class is Forest and vegeta·~.ion class is 1-3 (natural forests, 
man made forests and degra,jed forests). 

1 .6.3 After taking the ~,al1y with BAF'-2 (tally of live 
trees recorded on BHI-2), d.lternate live trees with odd ., 
serial No. (i.e. SI.No. 01 03, 05, etc.,) should be selected ~ 
as sample trees. The tal1Z of dead treE's reCQrded on Biu .. 3 
should be i nored while se I.ecting the sam Ie trees samJ)!e 
ree ca s ou e 1 e n a s e rees an a serial 

No. given to each of the s~mple trees so selected~ Thus, 
tree No.01 in tally sheet (f live trees will be sample tree' 
No.Oi, tree No.03 will be sample tree No.02, tree No.05 will 
be sample tree No.03 and s· ..... on. 

1.6.4 In case there is 10 tally and consequently there 1s 
no sample tree (e.g. in sc"'ubs and degraded forests) nOOH 
should be written in Col. No.64-65. 

1.6.5 The data about ea~h sample tree should be retorded 
!on the sample tree card (f-;~xed to tree) by the Assistant 
Crew Leader. It is necess.::!ry for the Crew Leader to eheck 
the correctnes s of the det.J.ils filled in the sample tree card' 
by. Assistant Crew Leader before: the data is transferrep. M 
to. :the, samp'le" tree form. 

. .. . . 
1.6.6 The following insiructions should be carefully followr 
e~ f9r filling up data pertaining to various items ~n,STF. 

I·tem No. Qol.No. 

1 1-3 

• 2· 4-5 
3 ,. 6-7 • 
4 8 

:>":'''':''5~ -:- ...... 
9-10 

Code Instructions 

.rob ) Leave these C olu. 
Card Design -) mns blank. (To be 
Report Nro. ) filled ~Y Data 

, ,._ ) Process~ng 
Sub Repor.t No,. ),nn~t)·. __ 

" 
-... ~ ... 

1frite' the ~serial NO., of· the sample 
tree. This will be . 'the" sample 
~ree No. and not the serial No. 
uf the tree in' Tally sheet..' The 
Last· No. in this Col. shall be 
equal to the total No. of trees 
\vritten in Col. 64-65~ V' , 
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Instructions 

SPECIES CODE': Write down the cod,e 
of the species., In case of the ' 
un-identified species or no sepa. 
rate code has been given for that 
species, write 998 in this Column. 

DOMIN;U~CE: Classify the tree into 
one of the following classes and 
write the appropriate c~de for it. 
Dominant 

Dominated 

--Suppressed 

Tree of under storey 

Solitary 

Abnormal tree 

A The following definitions will help in determining 
the dom:i.nanc~ classes. 

DOMINANT TREE: is one Whieh forms 
the upper most canopy and whose 
leading shoot is more or less 
free. 

DOMINATED TREE: is one which does 
not form part of the uppermost 
canopy but the leading Shoot of 
which is not definitely over to
pped by the neighbouring trees 
and its cro"m is not fully free. 
Its height is usually about 
3/4th of the _d~minant '--ree. 

StJPPRESSED TREE: is one whose 
leading shoot is definitelY over 
topped by i ts ne_~ghbou::'3. Height 
of such trees is -usual~about 
5/8th of the clominant t.rees. 
Such trees usually suffer from 
slow growth due to supp~eGs1on. 
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8 

9 

'10 

Col.No .. Code -
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Instructions ... 

TREE OF UNDER STOREY-! is one 
which. is a part 0 f the under_ 
storey .. 

SOLITARY TREE: is - one which is 
standing alone in a blank.' .. 
ABN'QJfrIAt TREfu includes wolf 
trees, trees of abnormal form 
and top broken trees. 

DIAMETER 'AT BREAST HEIGHT: 

15' -17 

18-20 

21-22 

-
Diameter 1 in em 

Diameter 2 in em 

Measure with calliper two dia. 
meters over bark at breast 
height (at a point 1 .-37 metres 
above the base of the tree from 
the up-hill side) to the nea~est 
centimetre. 

(a) Dia.1: Towards the pOint 
centre 

(b) Dia.2: Perpendicular to dia, 
1~ Round off 0.5 em to the 
nearest even number and 

-- - record it in the form, 
Example: 08.5 em is to be 
written as 08 em and 09,5 .m 
is to be written as 10 em /'" 

, 
Note: While measuring the dia
meter, observe the precautions 
listed under 'diameter measure. 
ment ' (Tally sheet), 

TOTAL HEIGHT: Measure the height 
of the tree from the base to the 
top with Blume Leiss Hypsometer 
to the nearest metre. 0,5' should 
be rounded off to the nearest 
even number. 
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Instructions 

CLEAR BOLE: Heasure the height 
along the stem of the tree from 
the base on the up-hill side to 
the beginning of the regular crown 
or where the main stem bifurcates 
with Blume Leiss Hypsometer to the 
nearest metre. 

Beginning of regular crown in 
conifers is the pOint where the 
first complete .live whorl starts, 
For 'broad leaved species this 
point may be recognised as the 
pOint from where the first main 
live branch takes off or from 
where the main stem forks, In 

case. of trees which form below 
the bh and are treated as separate 
trees, the clearbole shoUld be 
measured from the pOint of forking 
to the first live whorl (for coni
.fers) or first live branch (fo~ 
broad leaved) • 

. DEFECTS NATURAL: Under this cate
gory all those abnormalities are 
included which are very natural 
and normal for the tree e.g •. knots, 
callus formation, tWisted or spiral 
grain etc. Examine the stem of 
the tree and clas si fy as under on 
the basis' of the extent of "Natural 
Defects" and write the code. 

Complete ·stem length free of 
natural defects 

One third 
defects 

stem length with natural 

Tw,o third stem length With natural defects 

Full stem length with natura]. defects 
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13 26 

1 

2 

3 
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Instructions 

DEFECT S OTHERS: This includes 
damage caused to the tree stem by 
pathological, entomological, 
climatic and/or biotic agencies. 
Damage by these agencies may 
result in loss of cellulose ma
terial and weakening or the 
strength properties o:f the timber. 
These inclUde borer attack, :fungal 
attack, fire damage, holl~wness, 
snow and wind damage etc. EXamine 
the stem and classify as under on 
the ·basis of' the extent of' defects 
caused by "External Agencies" 
and write the codes. 

COmplete stem free of any defect. 
One third 
defects .. 

of' stem length with 

Two third 
de.fects. 

of stem length with 

Fu1.l stem length with defects. 

BARK THICKNESS TOWARDS P.c.: 
------=.~~--------~--------~ B~aze the tree and remove the 
bark making a neat cut at the 
breast height point towards the 
Sample point Where the shorter 
arm of the calliper touches the 

' stem, while taking the diameter 
measurement ftDiameter_1 n. Measure 
the bark thickness with a scale 
t~ the nearest rom and record. 
Nete: --...... 

(.1) Whenever more than 25'% di_ 
fference is found between the 
reading taken towards the P.C. 
and Opposite to P.C. the Crew 
Leader will veri~ the measure_ 
ment in the field and give an 
explanatory note at the back 
of the form. The percentage 
will be calculated with regard 
to lower (bark thiCkness) mea_ surement. 
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15 

16 

Col.No. 
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• o· Ins tructi ons 

(2) ~fuenever the BT and in
crement measurement are not 
possible on both the sides i.e. 
towards and opposite P.C.~ 
write '00' for bark thickness 
and tOOO' for increment. If 
it ~s possible to take measure
ment one one side, leave the 
other side blank and give 
reason at the back of the form. 

RADIAL; INCREMENTS TOl{ARDS P.C.: 

. 29-31 

32-34 

35-36 

Last 10 years 

Last 20 years 

Collect a core with the incre
ment borer at the breast height 
p~int towards plot centre. 
Count the number of annual rings 
from the periphery towards the 
pith with the help of magnifying 
glass and measure the increment' 
in millimeters for the last 10 
years and the last 20 years. 

Note: 

(1) For counting the annual 
rings apply flouroglusin or 
water on the core Defore coun
ting.·~ This will make the 
rings distincto ,+ 

(2) Us.e a transparent scale 
for measuring the increment. 

BARK THICKNESS OPPOSITE TO 
P.O t; Heasure the bark thick
ness at breast height oppo
site to the point centre in 
the same way as described 
under item No.14 and record. 
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Code No. '~ Instructions 

R.ADIAL INCREMENTS OPPOSITE TO P.C. 

37-39 

40-42 

43-61 

62-63 

64-65 

66 

67-74 

75-78 

79-80 

Last 10 years 

Las-t 20 years 

Measure the increments oppo
site to the point centre in 
the same manner as done under 
item No. 15 and 16. 

Blank 

FOREST TYPE: Fill up the code 
of Forest_type as written in 
PDF Col. 17-18. 

TOTAL NO. OF TREES: Fill up 
the total No o of trees recorded 
in sample tree form. 

SAMPLE POINT NO.: Write the 
serial No. of the Sample point 
No. in the clUster. 

CLUSTER CENTRE GRID.REFERENCE: 
Wri te the C.C.G .R. as written 
in the same Cols. of PDF. 

CLUSTER NO.: Write the Cluster 
No. as written in the same Cols. 
of PDF. 

INVENTORY DESIGN: Leave .it 
blank. To be filled up by 
Data Processing Unit. 

1.7.1 Stock mapping instructions: The instructions for 
stock mapping of forests are as under: 

1.7.2 The inventory crews will be provided with aerial 
photographs of 1:30,000 scale for the location of Sample 
points. These photographs will also be used for the field 

-photointerpretation work and stock mapping on 1:50,000 
scale map traces. All the hill slopes that are already 
Visible and the area traversed during field work Will be 
stock mapped on map traces. 
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1.7.3 Before leaving the camp for work, the 8rew Leader 
should thoroughly study the area.to be traversed on map 
sheet and ph9t9graphs. The photographs will be studied 
under the pocket stereoscope and different land classes and 
forest types observed on the ground will De transferred on 
to the photograph and map trace. The following classifi
cation and symbols will be used for the purpose 

Slo 
No. 

1 • 

2. 

3. 

4. 

5. 
6. 

A-NON FORESTED L~~ 

Land class 

Cultivation and 
habitation 

Alpine pastures 
and scrubs'. . 

Snow_; covered land 

Barren land 

Hater spreads 

Other lands 

Symbol f. '3m arks 

A 1 

A 2 

A 3 

A4 

A 5 

A 6 

~ 
~ 
~ 
l The defj.'11 tion of , 
~ various ~~tems listed 
I under le.. 'ld clas s 
~ in Col.! : of PDF. 
I holds gCJd for stoek 
~ mapping Cllso. 
I 
I 

I 



SI. 
No. 

2. 

3. 

4. 

5. 
6. 

7. 

8. 

10. 

11 • 

12. 

13. 

14. 
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B - FOREST LAND 

Land cl~ss 

Chir pine 

Blue pine. 

Fir spruce 

Hemlock 

Larch 

tTuniper 

Mixed conifers 

Conifers mixed 
with broad leaved 
species. 

Upland hard woods 

Oaks 

Low land hard woods 

Sal 

Degraded forests 

Scrubs 

Symbol 

F 1 ~ 
~ 

F 2 ~ 

F 3 I 
I 

F l~ ~ 

F 5' I 
i 

F 6 I 
~ 

Remarks 

F 7 I Description of 
I forest types given 
~ under Col.17-18 

F 8 I under Forest Land 
~ under Col.16 of PDF 
I should be followed 

F 9 I for stock mapping I also .. 
F 10} 

F 11 I 
F 12} 

F 13 I 
F 14 { 

1.7.4 PROCEDURE: Observe the area which is clearly 
Visible and identify the various land uses and their extent. 
Also study the same area on the aerial ~hotographs under a 
pocket stereoscope. When the stereovisl.on is clear, 
demarcate the various land classes on the photographs by 
comparing with the observed ground detailso The boundary 
of a particular type will be marked by a continuous line 
with a stebilo pencil and the land class and the forest type, 
if any, will be denoted by the specified symbol. 
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1.7.5 Texture and shape of the. crowns etc. on photographs 
will provide good indication of the various types, With 
the help of observations made on ground and the aerial photo
graphs, it would be easy to delineate the various land classes 
and forest types on map trace with fairly good accuracy. 

1.7.6 Since the photographs are of 19)6, there may be 
some areas where the forests have been subsequently cleared 
for cultivation etc. In such cases the details seen on the 
ground will not fully tally with details available on the 
photograph. Therefore, the Crew Leaders are advised to keep 
this in mind and give due importance to details observed 
on the ground at the time of traversing. 

1.7.7 
out : 

Field interpretation and stock mapping is ear-ried 

(i) to serve as a ground check for main photointer
pretation work carried out in the office. 

(i1) to help the Crew Leader to get good practice 
in the study of aerial photographso 
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.9HAPI'P.R_.:::.._ I r 

VODJME AND CULL SI'UDIES 

2.1.1 In order to arrive a~ volumG and cull factors; . 
trees of important species of various diameter classes were 
felled over the survey ~::!l, and. also in areas falling in 
Phase IV area. This "las done to obviate fell ing of trees 
again in Phase IV, because a la:::-ge number of species were 
common. It is prop'ased to "L se these factors for Phase IV 
areas also. 

2.2.1 SELECTION OF TH~);.§l. 

To give I?ronortionate ropresentation to the entire 
survey area, felllng's were cQrriec. out i'n representative 
localities identified allover the survey area and some parts 
of Phase IV. Selection of trees of various species' above 
10 cm diameter was made ~t randem in 10 diameler class~s., 
studies were conducted for the follG\yj'ng species. The number 
of trees felled for each species ~re also ir.dicated hereunder: 

Sl.No. 

1 • 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 • 

12. 

Species No. of trees 
felled -,--

Spruce (Pic.§~ ~inulQ~~) 72 

Bans urn (,r!1oebe goalna!'ensj,~) 34 

Castanops~~ spp, 82 

Champ (Nicheli9. spp.) 94 

Gokul (Alla!2:th1l.§ tsra_t].dis) 104 

Hollock (J'~'!'_l'_n1:nc;] ia myriocarpa;) 60 

Ka,·,la (Machj,l_~s s:pp 0) 122 

Kharane (~p-1ocos §TI~cata) 69 

Laha sune (Al7lq,Qra I'.9.hi t1!ka) 48 

:t.faina (Tetr?-meles nugiflora) 86 
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SI.No.. SpeCies 
No. of trees 

felled 

13. Happle (~ sPp.) 

14. 

15. 

16. 

Mauwa (Engelherdtia spicata) 

Odal (~tereulia villosa) 

Simul (~alia malabaricum) 

Total 

COLLECTION OF D)~A 

93 

40 

76 

81 

1239 

The trunk and branches of &ach felled tree were 
numbered as shown in the diagram on the Opposite page. In 
cas e of conifers, only the main stem was considered for 
these studies and branches were ignored

o 
Sections 

were made at every 3 metres interval from the ground 
level. In addition, sections were made at stump level, 
breast height and at pOints of 60 ern, 40 cm, 20 em, 10 cm, 
and 5 cm dia~eters over bark. Measurements in respect or 
various diameters and defects if any, were taken at each 
section and recorded in the form BHV-2~ In case of conifers, 
annual rings were also counted at stump level and at breast 
height. The diagram c;) the facing ... ..Jag~ illustrates the 
marking of sections on felled tree. 

2.4-.1 
CODING INSTRUCTIONS FOR TREE VOLUME STUDY 
FORM (BIN -1) -- . 

All the Columns in this form are filled in or left blank as explained below: 

Item NQ. Col.NQ II. D escri12t1.Qu l..n§_truct:i...Qn§, 
1 1-3 Job No. ) To be left blank for 

) use by Data Processing 2 4--5 Card DeSign ) Unit. 
3 6-7 Crew Leader Code of concerned Crew 

Leader to be filled in. 
4 8-9 Tree Noo Serial number or the 

tree felled in the 
locality to be given. 
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14-16' --" -..., -. :... 
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1?-"1-9 
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• .1.,-' .• '~ .. 

12, 25 

13 26 
l. 

- 43 -

Description 

:Dominance 

dbh (ob) 
towaras P.G. 

dbh .( ob) 
perpendicu
lar to P.C. 

Tnstructi-ons' +-.... ..=_~-.--~ 

T~ Q9 filled VP ~s p$r 
iQstr~ctions for fillink 
S.T.F. in the Inv,entory i ,I 
Manual .for Phas e_IT_I .&-.I-I-I .~,~ 

dbh (ob) m~a~~r;4 _l1;i~.h: ~ :. - ) "J 
callipers tothe near~st . 
ClD. with graduated arm 
-pointtng t>owar-d::;-- the ---- --,-.I 

direction of slope is to 
be recorded in these 
Columns. 

,A.s above, except that 
graduqted arm of the 
calliper is to be 'kept 
perpendicular to thg 
direction of slope. 

Total Height)' 
in metres. ) Th C" I .' ·· .. 11 b' . '. ese 0 umns Wl e 
Clear bole j filled up as p'er inst'ru
in m,etres. ) c.tions laid down -for 

Defects 
. -naturai 

Defects 
others 

Tree felled/ 
not 'felled 

) filling up STF in the 
) Inventory Manuc:l ~ .. _ ,. _ ~ __ 
) 
) 
) 
) 

One of the follm-dng 
Codes hav'e to be 
given: 

Tree felled 
Tree not 
felled 

~ 
1 

2 



Item No. 

14 

15 

16 

17 

19 

20 

21 

22 

23 

24 

Col. No. 

27-28 

29-30 

31-33 

34-36 

37-38 

39-40 

41-43 

44-46 

47-48 

49 

50-51 
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Description 

Last 5 years 
increment 
towards P.C. 

Last 10 years 
increment 
towards P.C. 

last 15 years 
increment 
towards P.C. 

Last 20 years 
increment 
towards P.C. 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

last 5 years ) 
increment oppo- ) 
site to P.C. ) 

last 10 years 
increment oppo
site to P.C. 

Last 15 years 
increme nt oppo
site to P.C. 

Last 20 years 
increment oppo
site to P.C. 

Total No,_ of 
portiens. 

Blank 

Total Ne. of 
trees. 

• 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Instructions 

To be filled up in 
accordance with 
instructiens for 
filling up radial in
crement for 10 years 
and 20 years for S.T.F. 
contained in the Inven
tory Manual, taking 
care to reccrd measure
ments for downhill and 
uphill sides in Columns 
meant for tcwards P.C. 
and opposite to P.C. 
readings respectively. 

Total number of tree 
portions will be given 
in this Column for 
felled trees only. In 
case of conifers~ it will 
always be 01 and in case 
of broad leaved species 
it can be any n~~ber 
depending upon the number 
of branches. 

Total number of trees 
felled' at a particular 
location Should be 
given. 



Item No. 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

Col.No~ 

52-53 

54-

55-57 

58 

59 
-: 60 

61-62 

63 

64 

65 

66 

67-70 

71-78 

79-80 
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Description 

Catchment 

Forest 
Division 

Altitude 

Slope 

Aspect 

) 
) 

Instructions 

To be filled up a~ per 
appendix 4- of Inventory 
Manual. 

To be filled up as per 
coding instructions fOr 
Colo 12 of P·eD.F. of 
Inventory Manual. 

) To be filled up in accorj dance with instructions 
) ~or filling up relevant .. 

Crown Density) q olumns of P oD ~F. as la~d 
- . ) In the Inventory Manual. 
Forest Type ) 

No. of 
storeys 

Cluster No. 
of Inventory 

Plot No. 

Plot ~. of 
inventory 

Block No. 

B .C .G .R 0 

Inventory 
Design. 

) 
) 
) 

To be left blank 

) Serial number of the 
) locality in which 
) fellings are carri ed 
) out is to be given. 

To be left blank. 

To be left blank. 

To be left blank for 
use by Data Processing 
Unit. 
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CODING INSTRUCTIONS FOR TREE VOL~m STUDY FORM (FELLED 
TREES) BHV -2: Various Columns have to be filled up in 
proper sequence as explained below:- t 

Item NQ~ GQ1~NQL 

1 1-3 

2 4-5 

3 6-7 

4 8-10 

11-12 

6 13-14 

7 15-18 

DesQr1~tiQn 

.rob No. 

Card Design 

Tree No. 

Species 

Tree portion 

, 

Section No. 

Height of 
Section 

To be left blank. 

To be left blank. 

A number sa~e as for the 
concer:::1ed tree in BHV-1 
is to oe filled in. 

Appropr~atc code for the 
species to be given. 

Tree portio~ number for 
which the data will be 
rec ol~d.ed j_n the subs e
quent Coiumns is to be 
recor~edo Fc~ conifers, 
this is a.Liv2:'lfl 01, but 
for the broad leaved 
species i:11e main stem is 
number :Q a~ 01 and the 
branc!1, ~s /s~lb··branches are 
separately n'rrnbcred as 02, 
03,04 .•..... o ••• depending 
upon cne:;_r '1umber.. Data 
for all the sectio,ps of a 
porti0l1 'TInst. be completed 
before tak:Lng up another 
portien, 

Section n1.unber j_s to be 
writtcD he.!'~o 

The height of the section 
above grou'lcl level in case 
of 01 port:Lon and above 
the junct'i.on of the branch 
and ste:m 0:::' junction of 
two branches in case of 
othe~ tree portions will 
be given in th.:Ls Column. 
The heighc is to be 
recorded correct to the 
nearest centimetre~ 
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Item No. Col.No ~ 

8 19-22 

9 23-26 

.' 

10 27-30 

11 31-34 

12 35-37 

13 38-39 
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Description 

d.o. b. towards ) Diameter ove:' bark and 
P.C. ) under bark at the point 

) of each sc::!tion in appro
d.o.b.perpen- ) priatl:~ direction vJill be 
dicular to P.C. ) moasured upto the nearest 

) m:Ll.lim:2t:-f:l vd th the 
d. u. b. towards ) help of a scale and 
P .C • ) rec ordo"':' in D.~)propriate 

) Columns. 
d.u.b. perpen- ) 
dicular to P.c. ) 

No. of rings 
at the section 

Type of defect 

T"I::o averago radii (u.b.) 
as far apa.rt as possible 
are to be marked on the 
face of the sGction and 
the nu~ber of rings 
fron the pith to the 
periphery of the section 
on both tho radii are 
to bo C()l.-.. .,:l"l:edo Average 
of thp t ..... o numbers so 
cou.."1.ted ,;_i_l1 be written 
in th:~~ Colum~J.o If 
the rine;s ca!1.not be 
COLL"1t 3d (c 0 g. in case of 
hollowness at the centre), 
tllcJ.i i 999' is to be 
wrj.ttcn in tbis column amd 
, 000' \1ill be recorded 
if th,~re if) no annual 
ring fO.:.--mation as in the 
case of 1:;~coacl leaved 
species" 

III cas e ~~her8 is no 
defect, fO' is to be 
rec~rdcd in both Col. 
nU;:-;b8::'::' 3c' and 39. In 
case ther3 is defect, 
it \1111 c'} clazsified 
into on0 of the follow
ing ;xw.in classes and 
apP:cop:i."'::"atG code will 
be recorded in Column 
30 8.S gi7'.:m below: 

r.Y12g__QLde~ Code 
Rot 1 
Knots 2 
Cracks 3 
Insect drunage 4 
others 5 
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Item No. Col.No. Description ~~structions 

In Column 39, appropriate 
Code for further classifi
cation of above defects to 
be recorded according to 
the description given below: 

Fibrous 
Pocket 
Spongy 

KNOTS 

Loose 
Tight 

CRACKS 

~ 

1 
2 
3 

1 
2 

Superficial 
(not deeper 
than 0.5 em 1 
and no wider 
than 1 mm) 

Radial shal{e 
(Crack from 
sUl"face inward 2 
deeper than 2.5 
cm and wider 
than 1 mm) 

star shake 
(crack from 3 
pith out-
wards) • 

Cut shake 
(cracks along 4 
the rings) .. 

OTHERS 

Fire damage 1 
Hollovmess 2 



Item No. 

14 

15' 

16 

'17 

18 

19 

20 

Col.No. 

40-42 ) 
) 

43-45 ) 

46-47 ) 
) 

48-50 ) 
) 

51-53. ) 

54 

55 

- 50 -

Des cription 

Size of 
rectangle 

Instructions 

Defective portion is to be 
enclosed in a rectangle or 
square and measurements 
of the sides in mm to be 
recorded in appropriate 
Column. In case of no 
defect 1000 1 will be 
recorded as the measure
ment for both the sides e 

In case of two defects, 
these Columns will be used 
as Cols. 38-450 When 
there are more than two 
defects, the same will be 
recorded in the next line 
below Cols. 38 to 53. 

straightness Each section has to be 
examined in respect of 
itls straightness. It will 
be classified into the 
following classes and the 
appropriate Code will be 
filled in" 

Shape' of 
the section 

straight 

Slightly bend 
(less than '10°) 

Pronounced bend 
(one bend more 
than 100 ) 

Crooked (more 
than '1 promoun
ced bend) . 

1 

2 

3 

4 

End face of the section 
will be classified into 
one of' the following 
classes and approp~iate 
code will be entered. 



Item No. Col.No. 
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Description Instructions 

Anticipated 
out-turn 
(round 
wood %) 

Circular 

Elliptical (one 
diameter longer 
than other by 
more than 25%) 
Fluted (where 
the periphery of 
the section is 
wavy) 

Code -
1 

2 

3 

Anticipated p-ercentage 
of wood in round that can 
be obtained from the tree 
is to be assessed. '{hile 
assessing the utilizable 
wood, due consideration 
has to be given to loss 
in felling, defects 
natural and others etc. 
The assessment will be 
done for entire tree and 
not section wise. The 
following codes Will be 
used to denote the various 
utilization percentages: 

Code -
10% 1 

10 to ~::_ 20% 2 

20 to /" 30% 3 

30 to '" 4-0% 4 '--.. 

40 to <: 5cYfo 5 
50 to ( 6a'fo 6 

60 to ( 70% 7 
70 to (.80% 8 
above 80% 9 

, 



Item No. 

22 

24 

25 

26 

Col.flo. 

57-59 

60 

61-64-

65 

66 

67-7b 

71-78 

79-80 
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DescriEtion Instructions 

Total numb.er Total nu.mber of sections 
of sections for each tr~e portion have 

to be recorded separately 
in these Columns. 

-
Size class The tree is to be classi-

fi.ed intq~ th~ followipg 
classes ac~c~ding to it's 
dbh (ob) and appropriate 

Total length 
of the tree 

s.~. No. ) 
) 

Plot No.of) 
Inventory ) 

Block No. ) 
) 

B.C .G.R. ) 

Inventory 
DeSign 

Co~e to ~~ given. ~ 

10 cm to less than 
20 II II 

30 11 11 

40 11 II 

50 to ~I 

60 II " 

70 tr n 

80 If and above 

~ 

20 cm 1 
30" 2 
4-0" 34-5"0 If 

60 If 5 
70 u 6 
86" 7 

8 

Note: Above classification 
is:not the same as one 
given in ,[;h8 Inventory 
Manual Q 

Length of the tree from 
bh point to th_e tip along 
it's axis is to be. measured 
and recordGd to the 
nearest cm. in this Column 
after adding 1a37 m. to 
the reading thus obtained. 

Serial nu.>nb-(H" of the 
locality in which fellings 
are carried out is to be 
recordedo 

To be left blank 

To be left blank for use 
by' Data Prcces Sing Un! t,. 
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CHAPTER - III 

AERIAL PHOTOINTERPRETATION AND MAPPING 

'3 ... 1.1 . AERIAL PHOTOGRA.pHS 

.Th;e entire. survey area, except 88 .. 59 km2 of photo
graphic gaps, is covered by black & white panchromatic 
aeria,l. photography of task lio.167-B on 2" = 1 mile 
(1:32,000 approx.) scale carried out by Mis Air Survey 
Company., Calcutta during November 1956 and Decemher 1958. 
Cam~ra Re 5 (A) , No.245, With 4.51T and 4-.3 n (about 11 em.) 
focal length lenses has been used for photography. The 
format size o·f the print is 18 cm x 18 cm. The f'orward 
overlap is between 60 and 80%' and side overlap is from 
10 to 30% ~ The aerial photographs have good resolution, 
clarity and contrast. The scale is reasonably good for 
the stratification of forest types. 

3.1 .2_ Since photography j5 about 20 years old, latest 
land use and forest conditions are not available on these 
photographs .. Field checking has shown that very little 
changes have taken place in the land use pattern during the 
last two decades in tne survey area. In view of this fact, 

- -it was considered tliat- 1956-58 available photography will be 
good enough for this survey.. No other photography was available. 

3 .. 1 .. 3 During November-December 1978, fresh photography 
has been carried out on 1:20,000 scale covering the entire 
area to be sUrv-eyed in Bhutan. Fresh aerial photographs 
are being procured by the Project and they can be used for 
updating the land use information of the ·areas surveyed after the present work i-s over. 

3.2.1 METHODOLOGY 

100% photointerpretation was :.carried out by 
stereoscopic examination. of ~'17 aerial photographs." The 
work consisted of marking of principal·points, their
transference, marking of effective areas on aerial photo
graphs & interpretation. ·While marking the effectiv'e area 
it was ensured that no area is either left out or included 
twice. Photointerpretation vras confined to the effe.ctive 
area mar~ed on each photograph. There were photographic 
gaps due to cloud cover (16.42 km2 ) or non-availabil~·ty of 
the photographs (72.17 km2). These gaps have., been shown as 
photographic gaps and area under cloud cover 'in fore'st 
resources maps and area statement. 
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3.2.2 Before final interpretation was undertaken, a field 
recopnaissance survey was carried out by the photointerpre
tation section during January 1976 for establishing a corre
lation between field observations and photo details. During 
the "reconnaissance survey , it was observed that the general 
land use pattern and distribution of forest types in the 
survey area were more or less similar to that of Phase I. 
Keeping this in view, the photointerpretation key and metho
dology adopted for Phase I ",as continued for Phase II & III 
also. The photo1nterpretation carried out was checked in the 
field. during October-November, 1976 and November-Decembyr, 1977. 
The discrepancies' noticed in the field checking were corrected 
on the photographs. The stock maps prepared by the inventory 
crews while crusing forest areas were also made use of for 
checking the interpreted details on photographs. 

3.2.3 Key for Photointerpretat'ion: The folloWing key, 
based on field observations, quality of photography and 
possibilities of photointerpretation was adopted. 

A NON-FORESTED 

SI.No. 

1 

2 

3 
~ 

Snow covered areas 
Lakes and water spreads 
Exposed rocks and barren slopes 
Cultivation and habitation 
(including orchards & terraced 
cultivation) 

B. FORESTED LAND 

Sl. C orres ponding Ground 81. Photo1nterpre-No. ground forest type No. tation type trEe code 

1 • Alpine pasture 1 • Alpine pastures 
and scrubs 

2. Fir-Spruce 03 2. Fir 
3. Hemlock 04 3. Mixed conifers 4. Larch 05' (Tsuga, Larix, 5~ Juniper 06 blue-pine, 6. Mixed conifers 07 junipers, 

.fir & spruce) 

Code -
A1 

A2 

A3 

A4 

Photo 
type 
code 

F1 

F2 

F3 



" 
55 ... 

Sl. CQrresponding Ground Sl. Pha 0 No. ground forest type No. tYpe type code code 
7. Conifers mixed 08 4. Broadleaved mixed F4 with broad- with conifers leaved 
8. Blue-pine 02 5. Blue pine F5 9. Chir pine 01 6. Chir pine F6 10. Upland hardwoods 09 7. Broadleaved F7 (broadleaved) forests 11 • Oaks 10 12. Lowland hardWoods 

(broadleaved) 11 13. Sal 12 

8. Blanks in 
forests 

the 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3.2.4 Density Classification: The forested lands were 
further classified according to density of the crop as follows: 

B 

Density Percentage Code' 
i) 

ii) 

iii) 

Low Density 

Medium Density 

High Densi.ty 

20% 
20-6~ 

over 6a% 

-
TII 

II 

I 
NOTE: No density is indicated for F1 and B 

Method of Annotation 

Example 'no. 1, 

Example No.2 

Land us e type" 
Density 

- A 1 

F2/I 

= 
= 

Numerator 
D enomlna tor 

Snow covered 

Fir 
High D ensi ty 

3.2.5 Minimum a ea for delineation: An area of 0.5 cm x 
0.5 cm on aerial photograp s equal 0 about 2.25 ha on 
ground) was taken as the minimwn area to be delineated. 
Smaller areas were not recognised and were included in the adjacent stratum. 
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-----------...... -,_. __ ..... _-'" -;:-' .. :._ 

._. ~i~ J • " 'r 

3.3:.1 MAPS AND 'MAPPING .. 
_. '_ -...-- -- - .. ~._ ,_" ... - -. .. -

The survey area is covered by Map Sheet Nos.78 I14, 
6, 7, -8, 10, 11, 12, 14 (part), 15, 16 and 78 M!3, 4, 7, 8, 
11 (part) & 1,2 published by Survey of India on 1:50,000 
scale. These maps have been prepared on precision plotters 
using' aerial photographs. They were used as base maps for 
preparation of forest resources maps after transferring the 
photointerpreted details from the aerial photographs. 

3.3.2 The map sheet-wise break-up of area under the 
Project, photo gaps and clouds is given in the following 
statement. 

(Area in ha) 

s1. Map sheet T ota! area Area wi - _.:;.o.;;,;;u~t_o.::.r=-..;a;;:r;o..:e:.=a:;._::;un=d:.:;e.:.r~C~ol=-:... _4.:.-. 
No. No. of sheet thin the Area Area un- tr~a un-, 

Project under der der 
(photo) clouds blanks 

a s 
1 2 3 4 5 6 7 

1 • 78 I/4 68646 68646 417 
2. 78 1/6 68342 68342 344 
3. 78 I/7 68496 68496 589 
4. 78 I/8 68646 68646 536 
5. 78 1/10 68343 68343 1068 
6. 78 I/11 68496 68496 686 
7. 78 I/12 68646 68646 1708 
8. 78 I/14 68343 63136 1035* 
9. 78 I/15 68496 68496 922 

10. 78 1/16 68646 68646 
~ 2680 

11 • 78 MI3 6849" . 68495 2808 656 711 
12. 78 M/4 68646 68646 1882 82 
13. 78 M/7 68495 68495 270 986 96 
14. 78 MIS 68646 68646 129 
15. 78 M/11 68495 66970 163** 
16. 78 M/12 68646 68646- - ,2257 72 . 

Total 1096523 l089791 7217 ' 1642 - 11238 
Note: * Remaining area of sheet No.78 r/14 in Kuru 

catchment has been excluded from survey area. 
** Remaining area of sheet No.78 M/11 outside 

Bhutan has been excluded from survey area. 
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3.3 .3 Aerial photographs were --interpreted -and -che-~ked I~ by the 
experienced photo-interpreters of the Preinvestment Survey 
.~ Forest Resources, Dehra Dun. Photointerpreted details 
were transferred on the base map by the 70 Forest Party of 
Survey of India, Dehra Dun with the help of Vertical Sketch 
Haster and sometimes by desk Projector. The transference 
was checked by the interpreters~ 

3.3.4 In View of the delay involved in printing of maps 
in Survey of India, it was decided to prepare forest 
resources maps on astrofoils (a transparent and dimen
Sionally stable material) in 70 Forest Party. Requisite 
n~~ber of ammonia prints were then made from astrofoils. 

3.3.5 The different symbols for various land uses, 
forest types and density classes used on the forest resour
ces maps are as follows: 

Non forested land 

Forested land 

denoted by symbols only 
eog. A1, A2 etc. 

F1 = by inverted 
semi circles 

- B = by symbol B 

All other forest types 
by respective symbols 
i.e. F2, F3, F4, etc. 
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Density of a stratum was denoted by superimposing 
hatchures, 2 mm apart, on the stratum itself in 
addi tion to the symb:)l, as follows: 

High Density 6($ 1111 fit: ~IIIIIII vVertical line s 

Medium Density 20-60% m:m Crossed diagonals 

Low Densi ty 2O'/a 1-_oF 2--d Horizontal lines 

AREA CALCULATION 

Catchmentwise calculation of area under various 
land uses, forest types and density' classes was done by 
70 Forest Party of the Survey of India by dot grid method. 

) , 
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DATA_PROCESSING. 

4.1 .1 GENERAL 

The Data Processing ~nvolves manual processing, 
processing on unit record mar;hines and electronic computers. 
The main operations involved are: 

4.2.1 

4.3.1 

4.4.1 

MANUAL PFOCESSING 

(i) Documentation of field forms. 

(ii) Coding the information in the field forms where 
this had not al~eady been done. 

\ 

(iii) Manual checking of the field forms for detecting 
inconcistencies and discrepancies. 

(iv) Reconciliation c f the discrepancies and removal 
of inconsistenc:es, in consultation with field 
officers and phc. to-interpreters. 

(v) Preparation of ~'catter diagrams for rejection of 
abnormal trees j_n felled tree data . . 

(vi) Preparation of: ~~ catter diagram for rejection of 
abnormal tree!) j n sample tree data. 

PROCESSING ON UNTI Rl CORD MACHINES 

(i) Punching the coced aata contained in the field 
forms on the punch cards. 

(ii) Verification of punched cards. 

(iii) Sorting and colJ3.ting the cards for proper input 
to the COIDputE.lr . 

. (iv) Listing and t2~b\.. lating the punched data for 
detecting omiss~ ::ms, duplications and mistakes. 

PROCESSING ON ELEC~'RC_CnC COMPUTER 

( i) Loading the da tc~ on rnagne tic. tape. 

(ii) Calculations of '::ull volume, utility volume and 
total volume of felled trees. 
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(iii) Derivation of general volume equations. 

(iv) Calculation ~f sample tree volume. 

(v) Derivation of local volume. equa~ions. 

(vi) Calculation of tree volume and volume/ha. 
and stems/ha. at each sample point. 

(vi.i) Calculation of sampling error. 

(viii) Preparation of stem distribution and growing 
stock tables for each fores~ type. 

(ix) Preparation of total growing stock tables for 
different forest types and catchments. 

4.4.2 Input for the computer:- After manual checking of 
• field forms, the data was punched on car,ds in punching machines. 

The punched cards were verified in Card Verifier, properly 
sorted in Card Sorter and arranged in proper sequence with the 
help of card Collator. 

4.4 .. 3 Listings of the data punched on cards were taken on an 
Electronic Computer. This was done to see if the data had 
been correctly transferred and the cards in each deck were 
in proper sequence. The number of cards for transfer of data 

.! in various card des igns are given below:-

Card Design No. of cards used 

1. Point Description Forms (CD 01) 
2. Tally Sheet (CD 02) Dead Trees 
3. Tally sheet (CD 03) Live Trees 
4. Sample Tree Form (CD 04) 
5. Tree Volume Study Form BHV.1 (CD 05) 
6. Tree Volume Study Form BHV.2 (CD 06) 

2458 
1398 
3795 
9854 
1239 

40784 

The Photointerpretation ahd Mapping Unit. of the PIS 
4 Headquarters provided the area under var:ous land use classes 

in different catchments and area under different forest types. 
, 

4.5.2 The area under each forest type i-laS further divided. 
into different classes of Size, spacing, crown denSity·, 
regeneration, leaf litter, humus, soil depth, soil texture, 
stoniness, altitude, slope, aspect, graztng incidence and 
fire incidence on the basis or number of sample points 
fall:1.ng in each category. Percentage distribution of area 
in various categories was worked out for each forest type. 
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It may be noted that the field sampl1.g design was not drawn 
to estimate the area under various sub populations with high· 
degree of accuracy. Moreover 1 some of the sample points 
falling in the forested area could not ee visited due to 
inaccessibility. Therefore the the estimates of percentage 
distribution-of area calculated on the basis of number of 
sample points falling under different cat'egories indicate 
only approximate distribution of area under various categories. 

4.6.1 NUMBER OF SI'ENS 

Th~ calculations were as under: 

4.6.2 Ste~er ha at a sample po1nt:- The trees tallied 
at each sample point were classified bV species and diameter 
classes. The estimate of stems per ha by species and diameter 
classes at each sample point were obtai~ed by using the 
following formula: 

Stems/ha 

where 

m 

BAF 

::: 

::: 

::: 

Basal area of the 1.th tallied tree 
at a sample poi~t. 

NUmber of trees tallied at a sample 
point. 

The basal area factor of the re1askop. 

4.6.3 Stand Tables:- From the tally of trees at each 
sample point an estimate of stems/ha by species and diameter 
classes over all sample points in each forest type was 
obtained. 

4.6.4 Total Stems:- An estimate of total sterns under e~ch 
forest type was obtained as a product of the stems/ha as 
calculated in para 4.6.3 and the area (in ha) of the concerned 
forest type. Estimates of total stems by.species and diameter 
classes over all the forest type's were also calculated. 

4.7.1 GE}TERAL VOLUME TABLES 

Since the felled tree data in respect.of species· 
Pinus roxburghii, Picea sninulosa, Abi~ densa and ~ species 
were also available from Phase-I, it was decided to combine 
the data of all phases to derive 'general volume equations for 
these four species. For other species, general volume equa
tions were derived from the data of Phase II & III only. 
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4.7.2 The general vol~e tables constructed for Phase I 
report were adopted for this report also in respect of (i) 
Pinus wallichiana (ii) Ts~ brunoniana (iii) ~2££E.2. _$"p'_e*c,.ie_s 
[Iv) Betula species and-C-v) other misc. hardwoods. Fellings 
of these species were not~. done for this report. 

4.7.3 The following forms of regresSion equations were 
tried on the data on each speeies~ 

v 

v 
v 

v 
V 

Log V 

V/D~ 
where V 

D 

R 

== 

= 
= 
= 
= 
= 
= 
= 

= 

a + b n2H 

a + bD + cD2H 

a + bE + eD2H 

a + bD + eH + d.D2H 

a +.-bD + cD2 

; 

a .+ b loge . D + c loge H 

a + b/D2H 

Unde r bark volume Cm3) upto 5 cm top 
over bark diameter 

Overqaj_~k d i ameter (m) at breast height. 
.!. 

= .. Tota l hei ght ern) 

4.7.4 The following equations wer e s el ect ed t aking i nto 
consideration the standard error of the e s timate, multiple 
determinatiC'n coefficien t and the applicability of t he 
estimate in the entire range of da t a . 

_! Pinus r oxl:lilrghJi (154-) 

v/n
2

H = 0.32159 - 0.00156/ D2H 
.. or , 

j V .:::. - 0. 00156 ·:;,···0.32159 D2H 

Picea solnulosa ( 154 ) 

Loge V = -1.29816 + 1.86384 logeD + 1.03333 logeR 
Alli.§. dens~ (16+) 

. Log e V =. -'1 • 3 8883 + 1.'.''77028: 1 og~D 4- 1.04424 lageR 



- 63 -

~cer species (150) 

V = 0.03873 + 0.36273 n2H 

/ Castanopsis species (82) 

V/D
2
R = 0.34759 - O.OP794/n~ 

or 

2 , / v = -0.00794 + 0 • .34759 D R 

-Y _Michelia species (94) 

V/D~ = 0.32947 + O.00667/D~ 
or 

V = 0.00667 + 0.32947 D2H 

~erminalia myriocam (59) 

/ v = 0.00635 + 0.35936 D~ 
~ ~hoeb~ goalparensis (34) . 

I v = -0.04320 + 0.36220 n2H 

J. Amo~ .[QQi tuka (48) 

". ~ V = -0.09768 + 0.01051 H + 0.31875 D~ 
J. ~trameles nudiflora (86) 

LogeV = -1.33610 + 1.75959 logeD + fl.9949~ logeR ..
,; 

1r1'. Ailanthus grandis (103) 
V 

LogeV = -1 • .948a, + 1.72730 log D + 1 ~ 16690 log H 

¥.MaChilUS species (122) e e. 

LogeV = -0.56664 + 2.03335 logeD + 0.87279 logeR 

y ~mplocos -spicata (69) 

V ~ 0.00155 + 9.34028 D2H 

Jl/ Salm~iia ~laba~i~iiin. (8f) . 

LogeV = -0.70448-+ 2.13'777 logeD + 0.91127 logeR _ • ;- .. 
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sterculia villosa (75) 

V/D~ ::: 0.340~"8 + O.00231/D~ 
or 

V ~ 0.00231 + 0.34018 D2H 

Engelherdtia spicata (40) 

LogeV ~ -0.14969 + 2.153~0 loge D + 0.76463 logeH 

The figures in the ~racket against species· name 
indicate the number of trees on which the regression equations 
are based. 

4.8.1 IDeAL VOLUME TABLES 

Using the General Volume Equation~ volume of each 
sample tree of a species was estimated by substituting the 
diameter and height of'the sample tree. Taking the estimated 
volume or a transformation of' volume as dependent variable and 
the corresponding diameter at breast height or its functions 
as independent variable, local. volume equations were developed. 
The following forms of equations were tried:-

V ::: a + bD2 

V := a + bD + cD2 

V := a + bD 

v/D2 ::: a + b/D2 

V/D2 
~ a + biD + I 2 c D 

LogeV· ::: a + b logeD 

V ::: a + bD + cD2 

V ::: a + bD + cD 

4.8.2 Since the sample tree data from inventory sample 
clusters for the species Picea ~nulv~~ Phoeb~ goalparensis 
and Engelherdtia spicata was not enough to derive local volume 
equations, it was decided to include the felled tree data also 
for developing local volume equations for these species. 
There was no felled tree data available for. Rhododendron species 
in any Phas~ and the sample tree d~ta was enough to derive a 
local volume equation. It was, therefore, decided to estimate 
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sample tree volume of Rhododendron species from the general 
volume equation for 'Rest of the species' of Phase-I area and 
obtain a local volume equation for this species. Local volume 
equation for IRest of species' in Phase II & III was also 
derived in a similar manner. 

4.8.3 Considering the standard error of estimate, the multiple 
determination coefficient and the applicability of the equation 
in the :tnti ~ range of the data, the following local volume 
equations ere selected for various species. 

• Pinus !,Qxbu.rghii (272) 

. , 

/ IV ::; 0.,291801 + 6..04-1763 D - 2.430993 I'D 

~ gi~ wallichiana (119) 

V/D2 ~ 16.183975-- 3.04p264/D + 0.185555/D2 

/ or v ~ 0.185555 - 3.040264 D + 16.183975' D2 

~. Pice a spinulosa (263) 

LogeV = 2.763193 + 2.605'962 log :b" 
/' e' 

V'L? Abies gensa (1871) 

... ifV = -0.050899 + 3.087220 D 

/ Tsuga br,unoniana (420) 

" ~ IV = -0.480494 + 2.738112 D + 0.948655(5 

~ ~ercus species (1420) 

- ~ IV::::: 0.020144 + 4.2920'89 D -',O.894675'/D 

;yf ,~t ula specie s (2.7 2) 

, Loge V = 2.460537 +' 2 .. 447069 'lo~e-" p. 

YJ\cer species, (262) 

_,r . IV = 0.374246 + 4.759591 D - 1.891510 JD 

~. ~tanopsis ~pecies (165) 

/ LogeV = 2 .• 319413 + 2.653453 logeD 

~. Rhododendron 'species (746) 

..;v := 0.306492 + 4.315360 D - 1.749908 y.D; 
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chelia. species .( 208), 

IV = -0.280741 ~ 3.515265 D 

Phoebe goalparensis (76) 

\IV = -.o~253366 + 3.567924 D 

Machilus ,species (324) 

V/D
2 

= 12'.734067 - 2.126400/D + O.136186/D2 

, /t v = 0.136186 - 2.126400 D + 12.734067 D2 

~ ~mplocos spicata (84) 

/ Iv = -0.2.1.2798 + 3.288996 D + 0.046417 vD 
_/15. Engelherdtia spicata (84) 

LogeV := 2.535662 + 2.519379 logeD 

16. Best ~f species (2804) 

vV = 0.076137 + 3.979'998. D - 0.958937 .;D 

Where V = Under Bark Volume (rn3) 

D = Diameter at breast height (m) 

The figures in brac'kets after the names of the species 
denote the number of observations on which the regression 
equation for a particular species is base~. 

, 
4.9.1 FELLED TREE VOLUME 

The overbark and underbark volume of e'ach section of 
a tree portion was calculated by tpe $malian.formula: 

XL 2 2 " .. 
V = ~ (D1 + D2 ) 

Where V is the volume, D1 and D2 the, average diamete:r. 
at the two end$ of a section and L the length of the section. 

, 

D1 and D2 represent overbark rneasur~ments for overbark volume 
and underbark measurements for underbark volume. In case ~f 
stump volume and ,the volume of the first 'section of' each tree 
portion, the average diameter at the. top at: the stUII]P or the 
section of the tree portion w~s considered to represent the 
mid diameter. and the volume was calculat§!Q.-=,by the forrtJiJ.J.a: 

2 . '",., " 
~D L 

V = 1+ 
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Where D is the aVerage diameter at the top of the . 
stump or first seeti,oQ ~of the tree portion. 'The' volumes of. 
all sections when added up give overbark and underbark vqllJme 
of the tree. ~ 

4 • 10 • 1 DEI'EHMI NAT 10 N 0 F GROll'! ING srOCK;;: <, 
. , .. II 

Thi s was done as follows: 
.J 

4. 10.2 Tree 'Volume'; - The Breas t He'igh t Diam~ ter of each" 
enumerated tree was substituted in the sel~cted lo~al volume 
equation of the speci~s and·underbark volume of each enumera
ted tree was c9Inputed. 

;- ,~ 

4.10.3 Volume~-r ha at a sample point:- Using the volume 
of each enumerated tree and estimate of volume per ha by 
species and diameter class as well ~s volume per ha irrespec
ti ve of species and d iameter;.{class was obtained for each 
sample point from the following formula: 

m' V. 
Volume/ha :::: BAF X .-'::, B~ 

• 1:::: 1 

Where V. :::: The volume' of the ith tallied tree 1 :from local. volume equation .. 
;,' 

Bi :::: Basal area of ith tallied tree 

rn :::: No. of tallie~ trees at the ,sample 
point. . 

'; .) 

BAF Basal area factor of the relask6p 

4.10.4 Growing stoc~:- The estimate of volume/ha by species 
and diameter class was obtaine9. for each forest type or a 
group of forest tyPes from all the sample points 'falling in 
that tyPe. 

4.10.5 Total Growing Stock:- The product of estimate of 
volume/ha and the area of the . .forest type gives the total 
growing stock for the forest type. 

4.10.6 Standard Error:- Stratification of different forest 
tyPes could not be dO.ne at the time of preparation of inventnry 
design for the survey but it was expected that the area of 
the forest types will be available "from aerial photointerpre- " 
tation at the time of data processing. Therefore, systematic' 
sampling design was adopted. It was.planned to analyse the 
data after survey is over by post s'tratification of the area. 
Standard error of the estimates of vQlume/ha for each forest 
type was obtained from the sample pof.nfs falling in that 
forest type. An estimate for the Whole survey. area was also 
obtained. !. 
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4-.10.7 The sub-sample of clusters falling in each forest 
type was considered to constitute a random sample. Since 
both points of the cluster in many cases did not fall in the 
same forest type, the ratio method of estimation was consi
dered appropriate for estimating the sampling error in each 
forest type. The estimates of variances and standard errors 
were derived as follows:-

Let 

:r 

n 
1h 

Estimate 
variance 

= 

= 

= 

Volume (m3 )/ha at the jth sample point 
of the ith cluster. 

Number of sample points ·in the ith cluster._ 

Total of per ha volumes at ith cluster 

Mean number of sample points per cluster 

= Total number of clusters 
- ~ volu.,_.,e. pe..- N.~ --tM~ \-,n, ~~-

of ty~ - 2 r h ~ xiYi + r~ f.x~ 
of::::.v{ r h ) ~ -L-- I 2 ' l 

1h n(n-1) ~~ 

Ignoring fTni te population correction factor the 

r h 
Est;i.mate ot the v,ariance of the total gro~ing stock 

2 . 
in h th s tra turn = Ah V ( r h) 

where Ah is the area of the hth stratum 

Estimate of the variance of the total growing stock 
in the whole cat~hment is giyen by 

k 
f ~ v(rh) 

v(y) = ~K' ~i 
?~)-

Where y = Total growing stock 

k = Number of strata 

S.E.(y)='; v(yj 

S.E.% = S .K. (yJ X" 100 
y 
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4.10.8 Cull Volume:~ Heas11rements of de.fects were taken at 
each end of the section. The larger of the defective portion 
at the tyro ends was considered as defect area of the section 
and tpe defective volume calculated as follows: ' 

Defective volUme = defective a-rea x length of 
the sec ti on. 

4.10.9 The defective volumes were calculated separately for 
rot and holJ.owness in each section of the tree. These Volumes 
were added over - thEf--whole tree to obtain total cull volume 
of the tree. Total cull volume of all the felled trees for 
each diameter class was calculated and expressed as percentage 
of the total underbark volume of the felled trees in that cla~s. 

4.10.10 Cull percentage figures for trees above 80 cm diameter 
were determined for 'three different classes viz. 80-90, 90-100 
and above 100 em diame ters. However_, volume for 80 cm and 
above diameter in combined (all the three classes taken 
together) form was computed. For calculation of cull volume, 
cull percentage figure of 80-90 cm class was adopted for 
volume above 80 cm diameter. Extrapolation was done to deter
mine cull percentage figures for higher diameter classes 
where these could not be computed from felled tree data. 

4.11.1 BARK VOLUME 

As overbark and underbark volume of each tree was 
calculated, the bark volume of each tree was also estimated. 
The bark volume of all the trees in a diameter class was added 
up and expre~3ed as percentage of total under bark volume of 
all felled trees in that class. 

4.11.2 Similar 'Procedure as described in para 4.10.10 fer 
cull volume, was 'adopted to determine bark volume for higher 
diameter classes. 

4.12.1 UTILITY VOLUME 

Overbark and underbark measurements were recorded at 
60 cm, 40 em, 20 em and 10 cm overbark di-ameter limit. USing 
this data, tree volumes (felled) upto top diameter limits of 
60 cm, 40 em, 20 crn and 10 cm were calculated in addition to 
the volume upto 5 cm top diameter limit. Underbark volume upto 
top diameter limits or 60 crn, 40 cm, 20 cm and 10 em in differ
ent diameter classes were expressed as a percentage of total 
underbark vol~T.e upto 5 cm diameter in these classes. From 
these percentages the actual underbark volume ror different top 
diameter limits under various diameter classes were worked out. 
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4.13.1 GROWTH STUDIES 

The following studies were made! 

4.13.2 Age-diamete~lation:- The number of rings at breast 
height of each felled tree of coniferous species was noted. 
To estimate the diameter at various ages, a smooth curve was 
drawn between the age and breast height diameter. From these 
curves, diameter at different ages at an interval of 10 years 
were read. 

4.13.3 Age-height relation:- As in para 4.13.2, the height of 
each felled tree was plotted against breast height age and a 
smooth curve drawn. The height corresponding to different ages 
at an interval of 10 years were read. . 

4.13.4 Increment:- Radial increment at breast height during 
the last 10 years and 20 years were taken with the help of 
increment borer for coni·ferous species from STF data. Average 
radial increment during last 10 years and previous 10 years ~fcr 
each diameter class of trees was worked out. 

4.13.5 Annual basal area 1ncrem·ent during last 10 years and 
previous 10 years were expressed as a percentage of the average 

! present ba~al_ area in each diameter class and was calculated 
as under: 

Annual increment percent 
(~t 10 years) 
~ 

Anri~al increment- percent 1 
(~. 10 years) = 10x 
p~, D\.v.l-

Where D = Breast height underbark diameter 

x 100 

u .'_ '. ..~ 
D10= Du - 2x (~ 10 years radial increment) 

t\.-<:'''-li Ci\..'-? -
D20= D10- 2x (~ 10 years radial increment) 
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CHAPI'ER V'" 

1:MlliSET AND DEMAND srun IES 

5 .. 1 GENERAL ' 

The study included as:sessment of the following items 
wi thin the survey ·area.. and adjacent· portions of Sarbhang and 
Samdrup-J"ongkhar Forest Divisions. 

(i)" Wood Production' 

(ii) \-lo.od Consumption 

(iii) Wood Export 
, 

(iv) Projection of demand for wood 

.5 • 2 METHODO IDJY 

Methodology adopted for carrying out· various,studies 
is giyerf'in the following paras. 

5 .2.1 Assessriler:t of Wood Production: - In the ab sence of 
separa te timbera'XOunts records in Hange Office.s a:.nd'Divisional 
Offices, collection of out=turn figures' pf timber and other 
M.F. P. ha.d to be ,lone from the basic records maintained in 
Range Offices. Records of four years viz. 1974-75, 1975-76, 
1976-77 and 1977-78 were examined and average production figures 
were compiled fro:n the data. For the purposes of determining 
the production figures of survey area, records. of _Chirang, 
Sherngong, Tong sa, Bhumthang, Mongar, Tashigong ··and _ Wamrong 
forest ranges only were considered. Study of ~djacent portions 
of survey area in:luded areas covered by' Gaylegphug, Phipsoo, 
Samdrup J"ongkhar, samrang & Diapham :forest ranges. 

5.2.2 The out-turn figures by purchasers' agency and special 
permits were compiled frcm the certificate of origin records 
and that of right holders and concessionists; free grantees 
and, o,ther agencies were derived from cash book en tries and' 
from the specially maintained registers (wherever they were : . . 
available) . '. 

,..2.3 For the p'~rpose cf production stUdies the following 
agencies were recognised:-

(a) Forest lessees/contractors 

(b) Through departmental working 



Cc) Concessionists 

Cd) Free grantees 
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(e) Allotments, to Govt. departments 

(f) Wood based industries 

5.2.4 The procedure followed for collecting information. 
under various agencies is 'given below:-

5.2.5 (a) Forest Lessees/Contractors: ThiS category inclu~es 
all. forest produce extracted by forest contractors from sold· 
coupes. It also includes allotments made td certain individuals 
in selected areas for corrnnercial purposes on payment of royalty 
as per prevailing schedule of rates. The information was 
recorded for each range. The sale lists of coupes provided 
only information pertaining to number of trees under various 
diameter classes. As all the material removed from the coupes 
found ·entry in certificate of origin issued from time to time 
indicating the definite volume, this information was in such 
cases obtained from the Certificate of Origin records. Revenue 
figures were also collected from cash books, bill register and 
contractor's ledgers maintained in Divisional/Range Offices. 

5.2.6 (b) Departmental Working: The material harvested by 
the Forest Department eithe~ by directly employing the labour 

1 or through piece-meal contractors is included under this 
category. Material is converted and .rought out of the forest 
through the departmental agency and then disposed off. 

5.2.7 (c) Concessionists:- This ag~ncy_included timber 
extracted by Villagers for bonafide house building, house 
repairs and agricultural implements on co·ncessional . royal ty 
rates. It also includes certain wood requiroments of 
'communi ty or institutions for which conces sional royalty 
charges are levied. In case of firewood, the local population 
enjoy the privilege· to collect dry wood from forests free of 
royalty. Althrough permits are issued to people living in 
townships for removal of firewood, bulk of firewood removed 
by local ,population is unrecorded. Only th? quantity that has 
been issued through permits has been shown under production. 
'But, this does not give any indication of firewood consumption. 
Henc'e the firewood consumption estimates are based on the 
population and is discussed in detail separately. 

5.2.8 (d) Free Grants:- Timber is annually granted free of 
royalty to fire and flood victims, Dzongs, M:>nasteries, Educa
tional Institutions & Community Centres. This information 
has been obtained from the free grant register maintained in 
the Range Offices. 
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,.2.9 (0) Wood Based Industries: Saw mills and other wood 
based industries located within and nearby survey area are 
allotted certain quantity of timber annually. This information 
was obtained from bill registers and cash books of both 
Divisional Forest Offices and Range Offices. In addition to 
this, information was collected by visiting each .wood based 
industry located within survey area as well as areas located 
south of survey area (within Bhutan) as Der the Questionnaire 
BHD 1 (Annexure-2). 

5.2.10 (f) Allotments to Govt. Departments:- Govt. departments 
get part of their timber and firewood requirements directly . 
from forests through allotments. Cash books, bill registers 
and sanction orde~s of Divisional & Range Offices were gone 
through for getting the details. 

ASSESSMENT OF WOOD CONSUMPTION 

As there' i.s no organj;sed harvest;i.ng agency, most local 
consumers di-rectly extract the~w:ood allotted/sold to them from' 
forests. The actual timber consumption by various wood consunl-· 
ing sectors like Government departments, free grantees, wood 
based industries etc. are deri~ed Trom averag~ production 
!'igures under these se ctors'. ~ As the removals made for wood 
req~req, lor agricultural·iinpl-ements, fuelwood and in some 
cases even house builqing;and house repair timber are .mostly 
unrecorded., ho~se sample survey was carried out as per details 
of items included.in the prof'6rma 9.esigned for this purpose. 
CBBD-3 Annexure I) 0 A total of 151+ samples were draV'/IT ·from 
representative villages in variov.s distr;icts at'survey area 
as per details given below. The number of .sarnples drawn in 
variolis districts are proportionate to the area included·in 
survey ar~a. 

S. No. District No. of houses sampled 
~. ,. 

1 • Samchi .,._.-- ~ 
2. Chirang , 

3. Sl:lemgong' ., 
20 " 

J' ". 

4. Wangdiph6drang 6 ,. Tong sa : 20 
6. Bbumth~ng (Bykar) 22 
7. Mongar · 31 
8. Tashigang 35 
9. Shumar 7 

10. LhUIltsi 2 

Total -15'1+ 
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Iii 
! • 

5.3.2 The. proforma BED 3 (Annexure,. I) included vTide range 
of i terns pertaining to consumption of wood fO,r house build
ing and~:;Q,ouse repairs, agricul:t;ural _implements and firewood. 
The details of stud:i.es carried out are as f ollows,: ... 

5.3.3 (i) Bouse Building Timber:- In each house sampled, 
the details of every piece of wood/bamboo used, for the . 
building was r~corded. The total quantt,ty cf timber (~WRE)' 
used was compiled in the office. Usef'ul,items, like plinth 
area, No. of storeys, type of roof, the extent of land owned" 
annual,incqme etc . , were recorded to correlate with the quantum 
.f timber used for house, building. .. . . 

5.3.4 (ii) House. Repairs:- As considerable quantity of timber 
is annually utilized by the local popUlation for house repairs,' 
especially replacement of shingles of ro.-of ,: the information 
pertaining to this i tern was collected. in respe,ct of cycle' of 
minor and major repairs, kind and. quantj_ ty of wood used ;for ; 
repairs, etc. ' 

. -
5.3-.5 (iii) Agricu1.t·Ural Implements:- Tne study was conducted' ;: ' '~I 
over 183 representative house hOld-s. ('A house hold 'fuay;' h~ve 
more than one family). Details: pertaining to the, area~ of . ,". 
land owned, kind and number' o~ implements ",us.ed, freguency of . ).' 
replacement of implernemts ,: quar.ttity of timbe'r Teq uired :for , 
various implements, speciei;> p;references etc •. were collected ~" ,'" 
from. the households sampled. <' . . . '.. " , , ; .. •. ::..;_ , 

r ". :'~ ""1 : •. ,r 

5.3.6 (iv) .. Firewood: - Special attention was, paid, fo:r ~ this , ""; " ; 
study in view of the fact that ~he largest removaJ;s of ,wood . ,'. 
for local consumption is made under thls c(ltegory. Apart {:rpm, " 
the asses sment of :per capita cons'illnp'tion of' fireWOOd { the, i- ". "7, , .
species preferences by .P9Pu:!._ation in various .regions :'was ' aJoso ~' ,' :' 
studied. 183 house holds wer~ sampled fer tbe pUrpose: ' ':.' , c' : 

.' ," : . ,- . :_ , ', ... :' 

5.4-.1 EXPORT ._ .. ':.: 
...... '.'_"- .. , ,' "=-r r'o 

... 

Considerable quantity of timber and bthe-r forest 
produce of the survey area and areas located s.outh of survey 
area (bordering Assam State in India) finds entry into Indian 
timber markets. 

5.4.2 To ascertain the quantity exported!., certifi·cate of 
origin records of various ranges'- in. the surVey. area and adjacent 
portions (within Bhutan) for last four years .we.re examined. 
The average quantity of timber and other produce exported was 
worked out on the basiS of data of four years~ 

. ;", 
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5.4.3 Exchange transit passes issued bJ various fore~t 
offices in adjacent areas of Assam State (Goalpara, Kamrup 
and Darrang districts) for the Sorest prJduce exported from 
Bhutan through Assam were alsO ,exam~ned }~or the year 197.6-97 
and compared with. export :figures :obtains,} from certificate 
of origin records' of various ranges of S_l.mdr~p Jongkbar and 
Sarbhang Divisions .for the corresponding year. 

srUDIES IN ASSAH AREA 

As most o:f the surplus forest pr Jduce from survey area 
and adjacent portions of Bhutan finds en::ry in.:to timber markets 
and wood based industries located in Goa~-para, 'Kamrup and 
Darrang districts of Assam (India), a stndy was undertaken to 
determine the potential demand for wood ~n these areas. 

5·5.2 

5.5.3 
The study included the following itcms~ 

... 

located in the three districts were visi"'ed and information 
as detailed in proforma BHD 1 (Annexu.re-;) "ras collected. 
Apart from many other items, the study iJ!cluded the listing 
of the quantity of Bqutan Wood consumed -r.,y each industrial unit. 

Woqd Based Industries": All the w,od based industries 

5.5'.4 Wood Produ~tion: Wood out-turn :-'igures for -the years 
1974-75 and 1976-71-or-all the seven forI st divisions covered 
by the three districts were collected :frtm the records of 
DiviSional Forest Offices. The Division~ covered were 
KaChugaon (Gosaigaon), Haltueaon (Kokra-jl,.ar), North Kamrup. 
(Rangia) ~ Goalpara (Goalpara), Dhubri (DYubri.), South-Kamrup 
(Gauhati), Darrang (Tejpur). 

5.5.5 Export: For finding out the qual tum of wood eXported 
to different destinations in India and of-her countries from 
various timber markets of. the three distli-ets, the extracts 
fro~ the tranSit· passes issued by Range Cfficers, Depot 
Officers and Uea t- Of:(:i..cE:rs during 1976-77 were taken. In 
addi tion to this, supplies made to varioD,s organised sectors 
like Railway, D.G.S.& D. etc. which const:me conSiderable 
quantity, was ascertained from the. despatch records maintained 
by Depot Officers. Contribution of BhutGn and other areas 
to the total exports through various t1rnter markets was also 
determined from t!ans1t pass rgcords. 

Interviewing forest les.§ees and timbe~ merchants: 

All the leading forest lessees a~i timber merchants 
of Goalpara, Karnrup and Darra"rig dis tricts and Bhutan areas 
were interviewed and information as detailed in proforma 
BHD-2 (Annexure-3) was recorded. Average selling price of 
timber of various species in -round and so.\-ln form prevalent . 
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in various' 'markets was' obtc(J;ned from this soUrce. Other .. ' 
importq.nt '-.1n.fcrma tion ob.tained by' interviewing' -the' merchants.. 
are lC3.nded Gqsts, co~oz:i'!lriarketahJe sp'ecies, .important 
buyers' ahd destinations'; etc. . 

5.6.1." CONVERSION FACTORS USED (IN ASSAM) 

"Cii) .: :v ~l umc' p; :'o~'~~' 'c;;-e ' .. ,:.".-~ !._;;' = '_ 3' 'zrr3-
(1» 

(c) 

(d) 

(e) 

Volume of a pbl~ 

Volume of electric 
trancmission pole 

1 m3 of' sawn Wood in i :,' 

Bhutan area t 
1 m3 of saw~ wood '~ri'" '. 
Assam area '. 

:' (f-)· Oz?€ bag Of <;narcoal 

(g) . "One' ton,ne f'i1-ewood 
. . , 

.~ '~. l' • 

~ ,. ," ." \ 

(b) ':Qne standard::stack of : .. 
.. .. ·"firewood. (5' x5' x2i') . 

. 

, I 

;' ..... o .02.8 ~, (:1: cft) 

= o .' 12; : zn3-

"".". '., -
,~ 2 n? :of"round wood 

... 

: ";::: . "1 • 428 ~' round 'wood 

.. 
4.';'. = ~5_k~ • .! 

! " "':l '.. . ... ~ ~ 

75' cft(.stackedc ", ,' ..... J .. 

r. volume)'" -, )'1' I _ 
= 

, = .37.5 cft .. - ! " _... ~ 

. • ~ ·1 
(1) One truck load of firewood = 3 tonries 

25 kg. 

" 

(j ). One head load of firewood 
'One 

; , ~ 
(k) cuoi'(~'~ fO-bt~ .•. O~028 ~~ - ._,-

= 
= 

(1) One tonne timber 
(m) One truck load timber 
(n) One truck load of cane 
(0) One head load or 

one bundle" '0 f' cane , .. 

'3 ' 1.2 .. ~~(u.b.) 

= :1-75, C . .f.t (3·.5 tonne) , , 
'= 3. to'nnes 

12 kg,_ 

= 

(p) One head lead of cane 

(q) One card ~oad of firewood 
(r) One tin of".resin 
(s) One head load of thatch 

grass, leaves etc. 

= 12 No. thick cane 
or;-lOO No. 'thin cane 

= 2 quintals 

= 18 kg. 

= 18 kg. 

(t) One tree 
= 2 tonnes firewood 
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ANNEXURE-1 
-mID-3 

PREINVESTMENT SURVEY OF FORESI' RESOUBCES 
( BHUTAN) 

MARKET AND DEMAND srUDIES 

Name of Village/Town 

House Sampling Prof~ 

Block: 

No. of houses in the village/Town 

Name of Owner/Head of Family 

I. GENERAL 

1. Year of construction 

2. Plinth area of the house (sq.m.) 

3. Type of roof (flat or leaning) 
, 

(a) Roofing material used 

Sub Division: 

District: 

4. No. of storeys Single/double/triple 

5. No. of persons living in the house 
(a) Children (upto 18 years) 
(b) Adults 

6. No. of draught animals 
(including ·bullocks, cows, 
buffaloes etc. used for 
tilling the land) 

7. No. of families (house-holds) 
residing in the house _ 

8. Total agricultural land (in acres) 

9. Annual income 

II. CONSUMPI'ION OF TIMBER/BAMBOO 

10. "(a) Timber (cu.m.) 
(b) Bamboo (nos. ) 

How the timber obtained 
(a) Govt. forests/Private forest 
(b) Was it hand sawn or sawn 

in the mill 

-l 
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12. Repairs of house 

(a) Cycle of repair (Intervening 
period between repairs). 

(b) T1mb~r used for repair (cu.m.) 

(c) Bamboo used for repair (Nos.) 

II I • co NSID1Pr 10 N 0 F F mID-IOOD ETC. 

13. Consumption of fire wood per day 

(a) Species used for fire-wood 

IV • 

14. 

(b) Species preferred for fire-wood 

(c) Any other fuel used for cooking 
(Kerosene, electricity -etc.) 
If yes, quantity 

AGRICULTURAL IHPLEMENI'S 

Type and No. of agricultural 
implements maintained. 

Quantity of timber required 
for agricultural implements 
(cu.m.) (species-wise) 

16. Life span of agricultural 
implements (Give separately 
for each type). 

17 • No. of bullock carts 

(a) Timber used (cu.m.) 

( b) Bamb 00 (No s . ) 

18. Any other information 

Round 

Signature of recorder 
Place: 
Date : 
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PREINVEsrMENI' SURVEY OF' FOREST RESOURCES 
( BHUTAN) , 

Market and Demand Studies 

ANNEXURE-2 
BHD-1 

Consumption of wood by wood based industrie~in the 
~Qnsumption zone. 

I. GENERAL 

1. Name and address of i'ndustry 
with year of establishment. 

2. No. of band Saws 1n operation 

3. Horse Power of Engine 

4. No. of workers employed. 

i) Skilled 
11) Unskilled 

iii) Managerial 

II. INTAKE AND Our-TURN 

5. Intake of round woOd (n2) 
per day. 

(a) Installed capacity 

(b) Actual intake 

6. Average No. of mill working 
days/year 

7. Total annual intake of wood 

8. (a) Quantity of t1mber~ 
brought by others, if any, 
sawn/processed on payment 
of' charges. 

(b) What ar~ the charges of 
sawing/processing per 
uni t vol urne • 

9. Primary conversion out-turn/day(m3) 
(in case of plywood it will be in
sq.rnetres of veneer of specific 
thiCkness). 
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10. Quantum of w[:;'stage and mode· of its 
. _ .~q.~sposal (give approximate break-up 

.- . and price/unj t, if sold). 

11. Sources of timber (give percentage 
of material from different ~ources) 

(a) From Govt. fe-rest- bf Lower Assam 
(Goalpara, Kamrup, Darrang Dlstt.) 

_(Dire9tly -through purchase or 
indirectly through lossees etc~) 

(b) From forests of Bhutan (Directly 
through purchase or indirectly 
tt.rough 1,3ssees etc.) 

(c) From other sources 

12. Landed cost Ol raw material 

13. Important sizes sawn/finished 
produc ts prodl'ced. 

14. Any bulk supply of finished 
products to~orgartized sectors. 
If yes, give details . 

15". DestinatOion to which the sawn 
wood/finished product is going. 

16. Price of sawn ilood/finished 
product (for important speC.ies 
and most popular sizes). 

17. Cost of manufacture (e.g. 
cost of sawing - cost o.f manu
facturing fini:lhed products etc.) 

18. Break up of total intake of 
wood~by specief (Round wood 
in m-'). 

19. Any expansion plan 

20. Any other imformation. 

Signature of RecQrder. 
Place: 
Date : 
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ANNEXURE-l 
BHD-2 . 

PREINVESl'ltJENI' SURVEY OF .FOREsr RESO URCES 
( BHUTAN ) .~ . 

Market and Demand Studies 

QUESTIO N!JAIRE 

(To be rilled up by interviewing the forest lesse~s, 
timber merchants etc.) 

1 • Name and address 

2. Type o~ firm (i.e.proprietary, 
partnership etc.) 

3. Total yearly turn-over of 
timber 

4. Source/origin with distance. 

5. ,Cost price 

6. Hhether purchased-'-<iir:ectly 
from Govt. Timber Depot, Govt. 
forests through Contractors, 
through other timber merchants, 
Commission Agents, Cultiva
tors etc.) 

7. storage facilities 

(a) Area of yard 

(b) TYpe of shed,-if any, 
whether rented or owned; 
if rented, what is the 
rent? 

(c) Period of storage and time 

8. Cost of handling and storage 

9. Is any processing done? 

10. Main species stocked (Indicate 
the approximate percentage 
of stock) 

Quantity 
(m3) 

Value 
(Rs. ) 
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11. A~' grading done? 

12. Main sizes in dernand. 

13. Method of sale 

14. Selling price of different 
species and sizes (Ex-depot) 

15. Destinations to which 
timber despatched. 

16. Main buyers 

17. ~lliat are the end uses of 
timber sold? 

18. Total annual turn-over of 
timber in the market 
(particular town) 

~19. What is the current trend 
in timber market? 

20, Any ot~er information 

Signature of Recorder 

Place : 

Date: 
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