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11 .8.4 (a) Use .of Trucks ~- Forest roads shall h~we to be 
constructed ov er 2n~' ~bove 1642 km o~r national road 'components 
(para 11.8.2) in th'3 survey a.rea. FOI economic extraction, 
the off road transJ:,ort by trucks vritbin the 'fo~est areas should] 
not be more than 2 km. vlith a. wihd::i_ng factor 0;[ :., this gives 
a. rORd density of 3.75 m/ha in the :forDst ~re2.s (S?:mset~ 1967~. 
As such for an operable ar'ea' of 6635 .42 km of :ph~se IV, about 
11.50 l~m of forest roads will be needod. . 

I 

11.8.5 (b) Use gf Tractor.Tr~nsport~- 14.4W, of' operahle area 
C-pa:r;'a 1'1.2.7) or 1?bout 961 km hf.rve 1.ess than-36% slope a.nd are 
fi t. for tractor tr2-.nsport •. The. average, tractor skidding dista.nce 
should not be more than 0.5 kID'. Tre tr::>ff'ic on these roads will 
be mos-tly 1.IDi-diTectiona} and t,he steeper gradients are acceptable. 
The requireq. winding factor will be 2"0 "to..o3 or 2.5. Since the 
areas ::18.ve G entl~ slo}Jc a winding f::v~ tor 01 2 will s1.iffice. '. 
The roaq density of "0 m/ha is r~(":l t'.iI'sd for t,ractor transport. 
Conseq.uently about· 6.25 m/ha of roads baye to be made in the 
are8. of oper<=ltion or about 600 l<:m of tractor roads would b·e 
requi red in ope rable q.rea. 

11.8.6 (c) Gravj.~:,y Ropeways:- 22.63~S of ope.rabl~ area (or about 
1502 km2) ba.s slCI )CS betvleen 36 to 57% (pnra 11 .2.7) where 
gravity rOpG\'lays cC .. n be- used. . Usc of this ,{ill sCJ.ve labour 
mitigating the l2.bour problem in the country: faced 'at present 
and will save costs of II off roadll trCl.nsport. 

11.8.7 (d) Cnblc Cranes :-- Cr<;-riGS can be :i.nst2,lled in areas 
having sl.ope from S"/'~-to 1731' "There medj_um distance. 8q9. long 
distance cable C1 Ees with tr3:nspor"ti! distance of 500 metres, 
1000 n10tres and m<"'-::"it::lUll1 upto 3000' n~tres can be used. ~dium 
distance cabl~ cr~ -;JS upto' 1000 metres nre considered useful. 
About 4172 km~ of operable areas (62.88% of the tot2l operable 
area -para 11.2.7: have slopes bet,.'ioen 57%' to 173% ~"rhere cable 
cranos can be used. ' 



/local 
p eopl e 
a n d 

/ 

-1,05-

CHAPTEr - XII 

DEMAND AND HARKEI' STUDIES. 

12.1.1 OBJECTIV:m 

" The study was carried out . ' 

(i) to quantifY' the present (1980) level of wood 
removE .. ls and ''Pattern or wood consumption by 
vnri ')'.lS users. 

,. 

to lorecast the 18vel end trends o:f wood cohsump­
t:ion ·in the year 1985 and 1990 for the survey Cl,reGl.. 

(iii) 
:- ._ . 

to a.SS8SS the potential d'emC:1nd for industrial­
. wood vrithin the survey area . 

\ 

12.1.2 The' assessme nt of demand fo r industrial "loo d in the 
mp.rkoLs outside s urv ,jy 2.rea~ timber d istr i b u t ion c e ntres in 

"Assam p.nd NOTth Bengal bordering Bhuta n was done in p'revious 
surveys (Phas e I C1nd Phas e II 8: I I I)" No separat e studie s 
vfere made;; fbr the pur;) ose j . n this r Gport . 

- - I 

12,.2.1 MEI'HOffi 

The d et8.iIs o f methodolOgy and T-1 ro'::eduro adopted for 
the study are g i -:'v0n in Chapter V Pari II o'f the , rep ort . 

HOOD ~PRODUCTI6N 

Tho. 't'TOed production figures we re availRble mos tly' in 
the form of numh;::r of trees \lithout spec i us -1.rJis e b r~ak-up. 
A volume :fac to r of' ') m3 p el;' tre e has b eciUl adopted for, d erivi ng 
the volume figures . The majo-r portion o:f pha se a rea lies in 
the zone o:f- :fo r0S,~ ":ypb 1111i scl!~:11aneous H:;l rd vlOods lt

• The 
production partj_c;\_ll-::;rly for ~ForGst Los s ocs/ Contr0ctors t

! 2.g e ncy 
·j_-s coTlfined t o thif; zone,. Since the; conc8:htJ;q_tioh of popul8tion 
is more, t h d produc·tion to mO,') t .timbe r 2nd f ir.ev'Qoo. req uire ­
~8nts ofLthc Govt . d-ppartments i s ?_lso c onfin2cl to th i-s Zone . 
.Accordingly·~ all thG f·igures of wood production have been taken 
agains t broadleaved sp e cies 2nd cont r ibut i on oJ conl:fe r ous 
s p oc i os hRs been assumed to be nil. 

. . ~ , 
12.3 . 2 The product:i-on figures of t imb e r for IlConcessionists" 
<;'.ro b ased ·upon avo.ilablo reco rdbd data . The actu2.l c o nsumption 
to .meet the demand of l ocal people ( con e ossioni sts) -'may b e . 
much more . Large qi..l8.nt'ities, of f 'ueJ_'wood are remove d fo r meeting 
t. he domestic requi romc-nts of the 10c(1;1 populat ion most of w19ich 
do not appear I n , records . r 
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12.3.3 The agency-wise dot8ils of av'0ragc annual quantity 
of wood (including bamboo) harvested from tho survey area 
arc givon in tho' foJ,lowing tablo: 

Tahle 

Average Annual PrO.duction of Hood and Banlboo in Survey area. 

(AveragEl of 1977-78 to 1979-80) 

Agency 

A. TIMBER 

1. ~orest lessees/Contractors 

2. Concessionists (recorded) 

3 .. Govt. departments (Direct from 
Forest Depart~ent) 

4. Free grants 

5. Miscel~aneous Removals 

TOTAL 

-
m3 . (WRE) 

Total Prod uction 
(Broad leaved spp.) 

73780 
" 

1005 9 
~ 

· 1259: 

133 

7794 
93025 

------------------------------------------------------------
B. FUELWOOD 

(Recorded) 16344 
-----------~------------------------------------------------~ . I 

TOTAL (A + B) 109369' . . .. . . . 

-----------------------------------------------------------~ 
Q. BAl1BOOS 93545 Nos. 

" 

12.3 ~4 Apart from timber" f'uelwood ahd bamboos , certain 
}linor Forest Produce are annually re~oved from the area. 
The average annual production of Hinor Forest Produce is 
detailed in the following table~-' 

I 
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Table 

Average Annual Producticn of Ninor Forest Produce in Sungz 
-Area ( Average of 12Z7-78 to T979-8~ 

81. No. 

1 • 

2. 

3. I 

4. 
5. 
6. 
7. 
$. 
9. 

10. 
11 • 
'12. 

"13. 
14. 

15. 
-.~-~"'~,. 

16. 

17. 
18. 
19. 
20. 
21 • 

22. 

23. 
24. 

25.' 
26. 

if 

Produce 

Bee w.ax 

Cane 
Kltai r (c ['lr_E! )­

pipla 

Brooms 

Resin 

Lime j>tone 

f>.gar 

Thatch 
, 

Lac 

Kutki 
Kawai (Nisc. leaves) 

Dhup 
Fodder 

Quaptity (tonnes) 

,0.36 

119..40 

4.03 
23.65 

. 387.91 
" -

21 .21 

2.25 
5.73 

352.66 
0.13 

9.95 
1 .4-0 
0.59 

90~OO 

Gravel 1 Bounders.~ Chips' & Sand 22329 TI L 

(25 qtls and 
(265 bags. Frmgus 

Nagbel (climber) 

pangra seed 

Deer skin 

C~ne CTi.ples 

:E1ep'hant tusk 

Bear skin 

Goldmohar seedling 

Miscella n eous flowers 

, 
Bal d a ngra and Tatla pp~ 

Khira~ C ane -; Lampate and 
IvtL se . f rui t s . -

., 

15 bundles 

3 bundles 

5 No9 • 
2.00 Nos. 
2 0 k g . 

1 No. 

33 Nos. 
( 133333 Nos. and" 
( 63 bundles 

80 bundles 

( 65 b undles 
( 65 b ag s 
( 500 kg. 
( 18 boxes 
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12.4.1 HOOD CO NSUl1PT ION 

t..rood consumers recognised ror, t:he study are 10Ga]_ . , 
population,,) savr mills and wood, based .L"ldustries ~ Government 
I!epartments and Eree g rant.ees . Thes e con:sumers mainly ext rae t 
the wood allotted/sold ;to them direc tly from .the fores ts(. 

12.4 .. 2 Local popLuatioD consume .... lood for house construction, 
repairs, ag ricult .... lral implements and fuel 'i.ood. .To ass ess, the 
quanti ty ·of 'wood for local consumption-, a ,dimple survey 
(as per det.ails given in para 5.3.1 to 5.3.8 of' Part - II.. _ 
Hethodology) was cC'l.ducted within the survey area covering 
51 samp~es'represert~ng all patterns and sizes of house~ and 
consumption patter ·s- during summer and ""inter seasons. The 
'analysis of the r,::;sult s of the survey indicates that: 

(i) 

(ii) 

(iii) 

(iv) 

about 20;;; of t11e hous.es ,are 
~ 

building mater.ials used for 
are mainly wood and bamboo. 

two s'toreyed., 

house construct~on 

species preferred :f.or house constructio'n and 
agricultural implements are champ, chilaune, bansurn ~ 
lampate? pC).nisaj and oak. etc. depending upon the 

.. ' loca',tion of the villag e to the nearness and type 
o:f f·orests. 

different types 'of roofing materia~s are used 
as per the f~+lmving details: 

Roofing material used 

\;Iooden shingles/planks 

Thatch gra ss 
, .".. ..... 

"Thatch grass and bamb 00 

Bamboo matting 

Banana leaves 

.Tre e 1 ark 

CGI sh..eets, Tile s 

• ~~ of the houses 
in survey area 

" 

18 
18 
1 2 

30 
1-8 
'2 

2 
. 

HOus es with roofing materia~ OI~ tree bark are 
fOLmd in Sumar district of s u rvey a rea . 
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(v) On an averag~ for a- hou se 

A ; 12.77 m5 of' timber ~,ncl 500 nUi11ber9 of 
bamboos are ,u s e d for' construction. 

(vi) 

/consumption 
-of firo\·lOod. 

(vii) 

3.29 m3 of timber a hc1 1 ~4 nurpbers of 
bamboos are used for repairing.' 

0.133 m3 (""IRE) of ,tJmbe r is used for 
agricul tural implemen,ts p e r house ;hold • . ~ . 

Hood c onsumption in the northern, ,part of tpe 
surv"ey area cove~ing the dis tricts of Dag~r 
Dzong? Sumar, Thimphu, Ha and Paro is more· 
(being colder) than the S-outhern part. 
- 5.36 kg/day ,or 1.956 tonne /annum is the per 
Average No. of person~ is 8 per house hold. 

capita 
/ 

12.4.3 Takin'g into consideration, the results of sample survey 
described in the l ast para~ the agency-vl ise figures of wood 
consumpti'Cm have ,been worked out as under ~ 

r. .r 
12 .4.~· (~) Hous e' Building 'land Repairs:- Based u pon 
population estimates (3 ,7~0,5'6)' in Phas~ area in 1979 
(as per, details given in p~ra 5\.,1+ .. 2 of . P2.rt II - Hethodology) 
,and average number of persons (8) ~n a house hold, total 
number of houses in 1979 is e.stirnated at 47,257. The , consump tion 
of vtood '1'or house building a.nd repairs flor t he year 1980 h':-s · 
b'een det0rmined in the following assumpti ons: -

(i) 

(i i ) 

(iii) 
< 

The life of a house is 100 years . therefore 
1% of the tot8~ houses in 1979 \Ili:J_l be r econ­
structed in 198'0. 

5% 'of 8,J.l the remaining houses n eed repai" 
every year . . 
Ol"l.t of t he total requirt::ment of' neVI .houses t'o 
meet the n eeds of the inGye ased popula'tion 
(one b ouse' for 8. p er:sons) only 5~ are cons t ructe d 
annually and the rem~ining. 5Q% popul ption increase 
is adjusted in tj:1G existing houses. In other 
vfords" construGtion of nei,r houses vri J_l be @ L . 05% 
per annum ( rat,e of population growth being 2 .1% 
per annum). 
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12.4 ~5 The average consumption of 'H90d flor conRtructi on of 
a nC3W house and repairs arC3 12.77 m3 and 3.29 m5. rcspec ti"'0ely . 
The'refore total consumption of wood for construction and, 
rGpairs during 19'80 is worked, out as under: -

.. . 1 

No. of 
houses 

Consumption 
per ,hous'e 

Total 
consumption 

1. Construction of new 
hOUSGS for replacement 
of eXis,ting oncs. 
(1% of 47,257) 

2. Construction of new 
houses for gr9'Hing 
population' . , 
(1 .05% of 47,.257) 

3; Repairs to~ houses 
@ 5% (4725! - 473) 

473 

2339 

(rn'3 ) 
12.77 6040.21 

12.77 6333 .92 -

3.29 7695·31 
-.,--- ----_ ---------- ----- ----------r --------------- ----- -----------

, TOTAL " - ' - 20069.44 

12.4.6 (b) Agricultura.J_ implements: - The t'otal number of 
house holds in 1980 ' derived from p ara 12 .4.5 above is 47,75"3. 
Assuming that 9dfo of th,o total house ",holds- _practice agriculture, 
number of' agricultural housel::lOlds ,-rorks at 2+2.,978. The annual 
consumption for agricultural implements is. therefore es t imated 
to b e 5716 .074 m3 (number of bouse hO,lds ic 0.133 m3)., 

12,.4-.7 (c') Fuel wood:- The population o_f ' survey area in 1980 
works out a t 3'B5'99)~ population of' 197 9 + 2 .1% increase). 
The present :f:u.el 'vlOq::! consumption based o n , population in the 
survey area is' 'Worl<:ed out as be~ow : -

Tota l annual consurnpt i 9n 
in 1980. 

Population X pcr cap ita 
- a nnua l consuItlption. 

385995 X 1.9564 tonne s 

_, 755161 tonnes 

= 906193 m3 
12.4.8 (d) S awmills and Hood Ho-rki ng In'dustries:- At, present 
there are thirteen saw mills i n the ,sul~ey are~ . On the basis 
of the s urvey conq'J,cted it is reve8~ed t hat the ann ual r e quire­
me nt of these sa.w ~ills is 3 9646 m3 ( VlRE) "lhile the actu a l 
y early intake is 25373 , m3 (VlRE ). It means that' only 64% of tho 
c 8 pacity ( requirt.ment) is bei n g util i'Zed a t present. Eve n this 
inta ke is going dmv"n gradually d ue ' to unavailability of t imbG r 
ns t h e practice of allot t ing forest coupes to priv~e contractors 
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bas been d~scont~nuAd and fresh fell~ng of trees for commerc~al 
purposes has been stopped w~ th effect from 14.7.79. The table 
givel1 belo\'T g~ves deta~ls of' the actual installe d capac~ty and 
intake of these saw m~lls~ The figures of intake are approxi­
mate and depend upon the availab~l~ty of t~mber. Moreover, 
some of the saw m~lls have corne ~nto existence quite recently 
for "Tbich tbe figures of intake and rec:uireroent have s~mply 
been inferred keep~ng ~n vi:ev the f~g1.ires of other saw mills. 

Total 84 .. 53 2 5373 396t f-6 

12 .4.9 There are ten numbe r s of woo~ based i ndustrial units 
in t he s urv ey a r ea which were visi ted and data collected for 
t h eir annual intake a nd req uiremen t . Th e total actua l a nnual 
intake of thes e industries i s 16539 m3 ( -v.THE ) "Thich i s ma inly 
f r o m Broad l eaved species a nd f orms about 79.% of the r equirement . 
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The unit-\dse break up is given in the :following table:-

Table 

Annual consumption of' wood by wood based industries 

Sl. Name o:f the Indust~-­
No. 

-1. Phuntsholing Pel ciJ. 
Slat -Factory 

2. ~e eling Unit 

3. Veneer Industry 

4. Drulc Veneer Industcy 

5. Pelri Hatch Factory 

6. Drulc Veneer Industries 

FURHITURE HARTS 

7. Geyltshen Furniture 
House 

8. H & K Company 

q. Chhoden'Furnitures 

,0. Legdup Furnitures 

Location 

Phuntsho-
ling 

-do-

-do-

Gaylegphug 

-do-

Samchi 

GayJ.egphug 

phuntsho-
ling 

-do-

Sarbhang 

Annual Annual 
intake require-

ment 

2973 5600 

1960 1960 

2970 2980 
4245 5880 

849 860 
2800 2800 

142 :14 2 

306 306 

168 168 
126 126 

------- - - --"7---- -_ --- --.._--- ---- --- - --- - - - .... -.. _ -_ -- .... -- -- -- -_ -----_ 
Total 16539 20822 

'; 2.4.10 Some o:f the wood h~ndled by sal.-,r mills a nd other wood 
"Jased industries is also accounted :for -

(i) House ;_---uil c ; and construction, 

(ii) Free g rant€- 1 and 

(iii) Governme nt Jpartments. 

~reover, some wood com.: from outsi d e the survey area vrithin 
E:1utan to these units . ',is therefore estimated that only 
;Jfo of the total record<=: inta k e is ac tually consumed by these 
;:1dnstries and saw mills r om the survey area . Accordingl y 
::1e a ctual cons~ption fY0m survey area \vorl{.s out at 20956 m3 
:..gain s t 41 912 m5 (total con sumption for both the sa", mill s and 
· ... ·ood based industries). 
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12.4.11 (8) Free Grantees:- Timbe r is s anctione d free of 
royal ty to flood an.d Ii reO victims. Such instances are not 
many in the area. The \total annual consumption of timbe'r 
(assumin.g to be equ?J_ to total production) urlder this agency 
is 133 m.5. ' 

12.4.12 (f) Government Departments:- GovernElerit Departments 
consulT\e'J on an average ~ 1259 i1i3 of w,ood annually direct from 
the forests. Tbis figure has b.e~n taken i'rom produ ction 
figures. The req1..urements are alst) met from saw mi J_ls/ 
forest lessees which have not been accounted for here . 

12.4.13 Based on the facts arid figures described 
t 'otal estimated annual consumption of timber and 
in 1980 is 48133 m3 and 906193 mj respectively. 
details are given in the following table: -

above the 
fuel wood 
The agency-wise 

Sl. 
No . 

1 • 

,2. 
~ 

'" -' . 

, 
+. 

'), . 

Table ---
Average Annual Consumption of Timber and Fuelwoog 

\ . 

'r 
C~~sumption category 

A. TIHBl!R 

House construction and repairs 
(c6ncessionists) 

Ag r i cul tural implements 

Saw mill and other wood based, 
industries 

Government De partments (direct 
from Forest ~partment ) 

Free g r ants 

Total consumption 
(Broad l e aved spp.) 

20069 

571 6 
2-0956 

1259 

133 
- -.---"':""'..:..._---- ---- --_ -_ --- ~- --.--- - - - ___ - -,- -.- - --- _..!:_-- ~--- -------

lt8133 Tot al 
~-~-------~~------------ .. ----------------------~------~-----

. B . FUEI.J'tJOOD 906193 
--------------------------------~---------------------------

i TOT~ ( A + B ) 954326' 
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12.5.1 FOREAST OF FUTUF.E DEMAND 

Taking 1980 as the base year, demand projection for 
the years 1985 & 1990 have been worked out keeping in vieH the 
different factors affecting it. The forecast of future demand 
for various agencies has been made in the following paragraphs. 

12.5.2 (a) Local Demands:- -Projection for future demand of 
wood for local consumption i.e. for house construc'tion and 
repairs, ag ricul tural implements and fuel wood have been made 
considering the inc:t>ease in population? number of households, 
cultivators etc. 

12.5.3 Population in 1984 and 1989 'vas estimated taking the 
population of survey area in the base year 1979 as 378056 and 
annual growth rate of 2.1%. Certain assumptions as under have 
been made for arriving at the figures of future demand for local 
consumption: 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

Only 5q0 of the estimated annual increase in the 
nwnber of houses are expected to be nevTly 
constructed. 

The present level of consumption of timber of 
12.77 m3 per house for new construction and 
3.29 m3 for repairs would remain same. 

The basic assumptions to arrive at figures of 
number of' houses needing replaceme nt or repairs 
would remain same as described in para 12.4.4. 

9Cfo or: the population wilJ_ continue to prac tise 
<_lgriculture and wooQ. consumption for agricultural 
lmplements (0.133 mJ) per house hold would remain 
the same as for 1980. {Para 12.4.6). . 

Per capita annual consumption of fueJ. wood _ 
1.9564 tonnes would remain the same as in 1980 
and population will be the only factor affecting 
it. (Para 12.4 .. 7). 
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12 .• 5.4 Based upon the above discussions ~ the projec ted demand 
for local consumption for th e years 1985 an d 1990 has been 
computed as under! 

Table 

£rojected Demand of Timber and Fuelwood for Local Consumption 

S.No. 

1 

1 ( a) 

(b) 

2 (a) 

(b) 

3 

(a) 

(b) 

4 

Par t iculars 

2 

Population in the previous year 

Population In the year 

No . of' hou ses in the prev i ous 
year. 

No. of houses in the year 

No. of h ouses required to 
constructed :for 

replacement of old houses 
@ 1% of S .No ~ 2 (a) 

be 

I 
the needs of growi ng population 
@ 1 .. 05% of Sl .No.2(a) 

No .. of hou ses t o be repaired 
during the year (5% of S . Ho . 2(a) 
S .No.3 (a» 

1985 1990 

3 4 

4 19454 46 5386 

428263 4 75159 

49791 52460 

503 13 53011 

498 525 

523 551 

2465 2597 

5 Wood requirement fOr -

(a) New Construction @ 1 2 .. '17 m3 / 
house f or S .Ho . 3 (a) + 3Cb) 13038 13741 

( b ) Repairs @ 3 .29 m3 / h ouse _ 
S .No . 4 8 11 0 854-4-

------- - ----------------
Total wood requirement for 
hous e building and repairs (m3 ) 2 11 48 22285 

-------------------------
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S.No. Part~culars 1990 
1 2 3 4 

6 No. of agr~cultural house 
holds in the year 1985 
(90% of 2 (b) ) 4),282 47710 

7 \-Iood requ~rement (m3 ) 

8 

9 

for agric~ltural ~mplements 
@ 0.133 m-' /bouse hold. 

T.OTAL TIL\jBER HEQl,IRJ:{:HENT 
(5+7) 

Fuehvood requirell1ent (m3 ) 
for the year @ 2.34768 ~ 
per c api ta per annum' 

6023 6345 
------------------------

27171 28630 
------------------------

1 ,005,424 1 ,115,521 -----------------------------------------------------------
TOTAL WOaD PEQUIREMENT 
(8 + 9) 1 ,032,595 1 ,144,151 

12.5.5 (b) OthE~ arenc~es:- Demand Projection of timber 
for saw mills , '.ood Bas ed Industries'J Government Departments 
and Free Grantees h~le been made? cons~dering the following 
assumpt~ons~ 

(i) Keeping in 'view the pace of developmental 
activities in the past years timber requirement 
for sa"" mills and other industries i s expected 
to grow at the rate of );'& per annum'. 

(ii) In case of free grants future requirement is 
roughly estimated by assuming an annual increase 
of 2.1% 'ltlhieh is same as rate of growth of 
population. 

(iii) Use of wood will progressive~y increase for 
implementing the deve1/:>pment projects und~r 
Five Year Plan of Royal Covernment of Bhutan 
and for this j. :future \Jood reqUirement of Govt. 
Departments has been assu,l1led to increase at 
the rate of 5% per annum. 
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12.5.6 Based on t he above assumptions future projected 
demand for timber for these agencies has been estimated 
as under: 

Table 

Projected DGgland of Timber f or S?:':::"'112!il1~~lood Based 
Industr:i_~~ _ _,_Qovernment Departl1ents al1d Free 

~~a.~_tees wi "thin :survex_ A~ 

Agency Projected Demand o f 
_i~mQer f or t h e year 

1985 1990 

Sat" Hills & Hood Based Industries 26,74-6 

Government Departrnents 1 ,607 

Free Grantees 148 

34,135 

2, 051 

16~ 

12.5 . 7 Tota l demand forec a st for tLDbeT and fuelwood ~ -

The total dewand for \load in the years 1985 a n d 1990 ,,.,ould 
be 1061096 m..:S and 1180501 m3 respect:ively '. This bas been 
assumed to pertain t o broad leaved s'__ _~ies only as expl ain ed 
in para 12 .3 .1. The agency - wise b reak up is given i n the 
follm"ing tab l e. I n this table consumption/demand figures 
for the year 1930 (from para 12.4.13) hav e also been s h0wn. 

T able - --
sector .. wis e I raj ected Demand of Ti mber a nd Fuelwood 

S .N o . See tor 

A. TIl,mER 

1 • House Buildin g & Repairs 

2 . Agricultural Implements 

3 . sawmills & Hood Horkin g 
Units . 

4 . Free grant s 

5 . Govt . Depar tments 

TOTAL Tn~BER 

m3 (IrJRE) 

Proj ect ed demand (Broad 
leaved spp only) for the y ear - "" . "-~ ' _. __ . -- - -- -. _ .. _-_ . .... _---_ .. - -- __ - --

1980 1985 1990 

20,069 21 ,148 22,285 

5 5716 6,023 6,34-5 

20'}956 26,746 34,135 
'133 148 164 

1 ,25'9 1,607 2,""51 -_ ..... -. __ ..... - - - .... . -.- ..... _------- --- --- - --
4-8,133 5'5 ,672 64 ,980 

--------------------------------------------------------------
B . FUEUJOOD 

_ .. __ ~ . ~ _ _ . .. . 4 _~ _ _ ..... -.. _ _ _ .. .. _ __ ~ .. . ,. _ __ _ .... _.... _ _ ... ___ _ .. _ .. - .. - ..... -'. - ... .. _ . .. .. - - ~ - .. - - _ ... - .. . - ....... - --.... - - - r-, "_ ..... - - - --

TOTAL (A-+ B) 
- _- - .--...- -- ....... . - ... -- - . ~ .. 
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12.6.1 TIMBER MARKETS 

Till recently there 'I.-'las no established timber market 
in the survey area~ though some timber transaction took place 
at Phuntsholing an.d Gaylegphug. Host of the timber from 
survey area was directly sent to tilrber markets of AS's am 
and North Bengal a~d was further exported. The Export 
Division of Royal Government of Bhutan under the Ninistry of 
Trade, Industry and Forests has taken up export of coniferous 
timbers from Phuntsholing from 1979. 

12.6.2 The Export Division came into existence in January 
1977. The Export of timber was nationalised in September 
1979. From the date Qf nationalisati9n it bas exported 
appro~imately 16980 m~ of timber (in sleeper form) to India, 
100 m5 to Japan an~ 250 m3 td Kuwait. The timber exported 
V .... .rap an and Kuwai J ',laS on trial basis only. It was mixed 
conifer type in -She form of sleepers and small secti ons 
respectively. The timber exported to India mainly consisted 
of blue pine (for North India) and fir? spruce j hemlock etc. 
(for calcutta, Delhi and Bombay) • 

12.6.3 The timber markets as also important wood based 
industries located in Assam and West Bengal states of India~ 
adjoining the surley area, were surveyed for Phase I~ & III 
and Phase I reports. The results of the survt2ys, given in 
the concerning report, reveal that ther e is enough scope for 
consumption of Bhutan wood in these markets and industries. 

12.7.1 FUTURE TI}~ER NARKETS 

Gaylegphug, Phuntsholing, samdrupjongkhar and Samchi 
have potentialities to develop as important timber markets~ 
All the four places are connected l;Jj_ th road and are located 
close to rail heads for lonr distant road or rail· transpor­
tation to the consumption centres in Eastern and Northern 
India. 
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CHAPTER - XIII 

WOOD BALANCES 

13.1.1 GENERAL 

i'\Jood Balances!' are the quanti ties of wood that are 
available for industries or export from the area after 
meeting the local demand of the 'peopl0 and afte r catering 
to the requir eme nts of developmenta::' acti '.ri ties and exis t ing 
industries. 

13.2.1 POTENTIAL ANNUAL CUT 

The summa ry of potential annual c ut, as calculated 
in para 10.3.31 is given below : 

Table 

potential Annua l Cu~ 

1000' m3 solid volume (ub) 

Species GroupS 
Gross Cull Net 
annual v olume 

annual 
cut cut > 

Timber spec ies 12 .303 2.220 10.083 

Group lA' 422 .1 74 20.090 402.084 

Group 'B' - Conife rs 

- Broadleaved 

679 . 068 270~953 408 .11 5 

608.963 87 . 217 52 1.746 

- Total 1288.031 358 .1 70 929 . 861 

Group 'C t 685.862 86.521 599.341 

Group 'Dt - Conifers 

- Br oadleaved 

4.701 0.614 4.087 

1127.. 657 86 . 977 1040 .680 

- T o t al 1132.358 87 . 591 1044.767 

Group t E t 2417 . 666 t!-52 . 617 1965 . 049 

TOTAL ALL GROUPS 

- Conifers 683 .769 271 . ,67 4 12 . 202 

Broadleaved 5274. 625 735 .642 4,38.983 

- Grand Total 33'958 .394 1007.209 49,1 .18, 
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13.2.2 The potential annual cut of 4,951.185 m3 represents 
the net solid volurne under bark in the forest. In order to 
calculate the wood balances, it will be necessary to convert 
this volume to log volume OoiRE). The loss in felling and 
cross-cutting, including the volume left in the forest in the 
shape of stump, breakage during felling and off road carriage 
is estimated to be roughly 15% o.f the standing volume. 
Theref ore, the net log volume will be as follows; 

Table 

Net Log Volume 

1000' m3 (ub) 

Species groups 
Net Conver- Net annual s ion 
cut losses NEE 

in fore s t. 

Timber species 10,,083 1 . 5 12 8.571 

Group 'A' 402 .084 60 .313 341 .771 

Group 'B' - Conifers 408 .11 5 6 1.2 17 346.898 

- Br oadl eaved 52 1. 7)+6 78 .262 443.484 

- Total 92 9 . 861 139.479 790.382 

Group 'e' 599 .341 ~' 8 9 .901 509.440 

Group 'D' - Conife rs 4 .087 0 . 613 3 .474 

- Broa dleaved 1040 . 680 156. 102 884 . 578 

- Total 1044 . 767 156. 715 888 . 052 

Group IE' 1965 . 049 294 . 757 1670.2 92 

TCJrAL ALL GROUPS 

- Conifers 41 2 . 202 61 . 830 350.372 

Broadleav~d 4 538.983 680.847 3858 .136 

- Grand T otal 4951 . 185 .742. 677 Lj-208.508 

' 3 . 3 .1 AVAILABILITY OF HOOD 

_, Vari ous factors effecting economi c availability o f 
wood are location of for ests a nd state o f accessibility, scope 
of futur e deve l opment of t he inf~astructure in the a r e a , 
marke t value o f timbe r of various species and thei r propor­
tional contribution i n the total available volume. 
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13.3.2 The coniferous forests in the pl~oject area are 
mostly situated in high reaches of Jomo 1 Nona ~ Neyera Ama 
and Gamri catchments in the Eastern parts~ economic exploi­
tation of which, vrLth the existing infrastructure, appears 
difficult. In tr~ near future also 5 there are very little 
possibili ties of tiese far flung arc2.S being developed for 
the forests to"'_ <: omu Gconomically e~ploi table. The broad­
leaved forests in the project area are, howe~er7 more acces­
sible and valuable in comparison with thoS8 of previous t'lfTO 

(Phase I and Phase II & III) arGas. 

13.3.3 With further developmGnt of road net work, river 
improvements and modern logging techniques, the economic 
extraction will gradually increase. 

13.3.4 Taking irlto account all th'J factors described above, 
economic exploitation upto the follOl,ving limits in respec t 
of various groups of species, is considered feasible at 
present (1980), during. 1985 and 1990. 

~. ---..;...-- --------.-- ....... -- --- --------- -- --- -- -- ---- --------------- ---

Group 
Limi t upto \-/hich exploitation is 
feaS ible (expressed as percentage 
of p otential 'cut in WRE) 
----------------------------------

1985 1990 
------------------------------------------------------------

Timber species 
(A1l broadleEl·:ved) 6010 7Cf/o 80% 

Group A 
(All broadlemred) 40% 50/0 6Cf}{, 

Group B C .... Onl.1. ors/ 2~ 3<$ 4O}b 

- BroadlGaved 40f0 5Cf/o 60% 

Group C 
(All broadleaved) 5CJ}{; 6Cf/o 7afo 

Group D 
(All broadleaved) 3a% 40;& 50% 

Group E 
(All broadleavcd) 30% 40% 5CJ}{; 

-------------------------------------------------------------
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13.3.5 Based upon tho presumptions in para 13.3.4 above, 
the availability of wood in 1980, 1985 and 1990 has be.on 
worked out as under: • 

Table 

Availability of wood in different years 

'000' m3 (WRE) 

y e a r 
species groups 

1980 1985 1990 

Timber species 5.143 6.000 6.857 

Group , A' 136.708 170 0 886 205.n63 

Group 'BI - Conifers 

- Broadleave d 

69.380 104.069 138.759 

177.394 221.742 266.(\90 

- Total 246.774 325.811 404.849 

Group 'C' 254.720 305.664 356~608 

Group I D t - Conifers 

- Broadloavcd 265.373 353.831 442.289 

- T0tal 265.373 353.831 442.289 

Group tE' 501.088 668 .11 7 835.146 

TOTAL ALL GROUPS 

- Conifers 69.380 104.069 138.759 

- BroadJ.oaved 1340.426 1726.240 2 112.053 

- Total 1409.806 1830.30 9 2250.812 

13.4.1 DEl-1AND 

The total proJected demand fOl~ timbe r and fuelwood 
has been given i n p ara 12 . 5 ~ 7. I t is os t imated that about 
25% of the requir .-mont of fuolwood i s pres ently me t out of 
dead and fallen , .... r ees and small branches etc which do not 
form part of the growing stock and J therefol'G, have not been,... 
inc luded in the calcul a tion of annuaJ. cut. For the purposo . 
of calculation of ·vlOod balances ~ tho fuel wood demand h9.s, 
ther8fore, been reduced by 25%. 
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13.4.2 From the general observation on utilisation pattern 
of broad leaved species j it has been assumed that consumption 
of timber species in timber A 7 B ~ C ~ D & E groupS is in the 
ratio 1 : 5 : 5' : 5 : 7 : 7; .,hercas the ratio of fuelv.lood 
consumption for th0se groups has buen . .:!ssunlod as 0 : ~ : 1 
2 : 6 : 10. 

13.4.3 Demand of timb8r and fuol wood to be met from the 
annual cut for th.' years 1980, 1985 and 1990 has been re­
estimated after I\.,;duction of 25% for ~U01"",ood and appJ..ying 
r atios as given in para 13 .4.2 above. The details are given 
in the folloHinr taole:.:. 

Table 

Demand for Timber and Fueli.vood to b e met from the 
MWual Cut 

Species Group 

1.980 

1 
----2 

Timber species 

- Timber 
- Fuelvlood 

'000' m3 (WRE) 

yea r 

1985 
3 

1.855* 

1.855 

1990 

2.166 

2.166 
- Total -------------------------------------------------------------

Group' A' 

- Timber 
_ Fuelwood 

8 . 022 
33.982 
42.004 

9 .279 
37.703 
46.982 

10.830 
'41 .• 832 
52 .662 

- Tota l -----------------------------------------_.-------------------
Grou p I B ! - Bru( .. dlcaved 

- Timber 
- Fuel11Jood 

8.022 
33'.982 
42.004 

9.279 
37.703 
46. 982 

10.830 
4 1 .. 832 
52.662 

- Total 
.. _-----------------------------------------------------------
Group 'e' 

- Timb8r 
- Fuclwood 

8.022 
67.964><' 
75.986 

9 . 2 79 
75.407 
84.686 

10.830 
83 .664 
94 .494 

- Total 
------------------------ --------------~----------------------
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Group 'Dt - Broadloaved 

- Timber 
- Fuelwood 
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2 

11 .231 
203.894 
215.125 

3 

12.990 
226.221* 
239.211 

15' . 162 
250.992 
266.154 

- Total 
--~---------------------------------~------------------------
Group IE' 

- Timber 
- Fuel'-Jood 

11 .231 
339.823 
351 .054 

12.990 
377.034 
390.024 

15 .162 
418.321 * 
433.483 

- Total --------------------------------------------------------------
TOTAL ALL GHOUPS 

Broadlo aved 

- Timber 
- Fuelwood 
- Total 

48.133 
679.645 
727.778 

* Rounding off adjustments . 

13".5.1 WOOD BALANGES 

r;6.672 
754.068 
809.740 

64.980 
836.641 
901.621 

The wood balances have bscn arrived at from figures 
of navailabili ty of woodn and ltpresent and projected demand" 
as given -in paragraphs 13.3.5 G...l"ld 13.4.3 respectively and 
are given in the following table: 
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Table 

Wood Balances 
'000' l~ (WEE) 

Species Group 
y e ·a r 

Det2.ils 
1980 1985 1990 

1 2 3 4- 5 

Timber;speci8s Avai·lablo 5.143 6.000 6.857 
Dcmand 1.605 1.855' 2.166 

Surplus 3.538 4.145 4.691 
--.-------------------------------------------------~---------

Group t A' Available 
Domand 
Surplus 

136.708 
42.00Lf-

94-.7°Lf-

170.886 
,46.982 
123.904 

205.063 
52.662 

152.401 
-------------------------------------------------------------
Group fB' 

- Conifers Availablc 
D3mand 

Surplus 

69.380 

69.380 

104.069 

104..069 

138.759 

138.759 
• _. __ ... - .... _--_---- - -- -- _ ..... - ------- _._-- ------ -------

- Broadleaved k ailable 
D :::m.:tnd 

Surplus 

177.394 
42.004 

135.390 

221.742 
46.982 

1740760 

266.090 
52.662 

~213.428 

._---------------------------------------------
- Broadleaved . ::.j lable 

& Conifers. Dem3l1d 

Surplus 

246.774-
42.004-

204.770 

325' .811 
4-6.982 

278.829 

404.849 
52.662 

352.187 
-------------------------------------------------------------
Group 'e· Available 

Demand 
Surplus 

254.720 
75 . 986 

178.731+ 

305.664-
84.686 

220.978 

356.608 
94.494 

262.114 
-------------------------------------------------------------
Group "D' 

Broadleavod Available 
Demand 

Surplus 

265.373 
215 .125 

50.248 

353.831 ... 4-42.289 
239.211 266.1 54 
114.620 1 76 .13 5 

-------------------------------------------------------------
Group I E' Ava ilable 

Demand 
Surplus 

501.088 
351 .054 
150.C34 

668.117 
390.024 

. 278.093 

835' .146 
433.4-83 
401.663 

-------------------------------------------------------------
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1 2 3 4 5 

TOTAL ALL GROUPS 

- Conifers Avail8.ble 69.380 104.069 138.759 
Domand 

surplus 69.380 104.069 138.759 

Broadleaved Available 1340.426 1726.240 2112.053 
Demand 727 .. 778 809.740 901.621 

Surplus 612.648 916.500 1210.432 

- conifers & Available 14090806 1830.309 2250.812 
Broadlqavod Demand 7270778 809.740 901.621 

surplus 682.028 1020.569 1349.19f 

13.5.2 The available quantity shown in tho ab9vG table inelu-­
des under bark volume down to 5 em diameter ovor bark. The 
deman~ is inclusivo of fue lwood which can mostly be met from 
the small sized material. The surplus volume wlll, therefore, 
mainly constitute bigger Size d metorial • 

• 
13.5.3 The entire material cannot be extracted in t he log form ~ 
duo to difficulti es in transportati on etc. Moreover 1 conversion 
at site is suitable for coniferous species for convenience in 
transport by river, whereas it is rather; difficult in case of 
broadleav cd species. Taking into consideration the state of 
present infrastructure and scope of further developments of the 
same, it is presumed that economic conversion at site of 7Wo 
and 20% of the available volume in case of coniferous and 
broadleaved speci~s respectively, i~ feasible. 

13.5.4 Tho loss in conversion at site for all the species 
(coni:ferous and broadleaved) is estimated to be 40,%' of the 
\VRE volume. In addition, loss of 5% in the volume of coniferous 
species is e xpocted to take place in transport by rivers . 

13.5'.5 The net quanti ties of wood available for industr i es 
have been worked out after givine allo1trance for l oss in conver­
sion and transport by river as described in paras 13.5.3 and 
13.5.4 above and are given in the following table ~ 



-127-

Table 

r f 000 I m.5 (r oundeo. off' ) 

Species Group 
y a r 

1980 1935 1990 

Timber 3 1-;- 4 

Group IAI 87 114 140 

Group IBt - Conifer-:=; 48 73 97 

- Br oadle _ ved 125 161 196 

- Total 173 234 293 

Group • C r 164 2°3 241 

Group IDI - Conii'erf3 

- Br oad":'e<~ \led 46 105 162 

- Total 46 105 162 

Group fEt 138 256 37 0 

_:~ LL GR:. au ill - C on if er s 48 73 97 

- Broadle-"ved 563 843 1113 

- Total 611 916 1210 

___ .. _' -- - _ ~ _ _ _..._J.~ _ _ .- -
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14.1.1 o P.T R;T rv :§3 - ---
The main objective of these ~;t '.ld:i.8s ,-,[as 'co inclicate 

the possj.bili t,ies or est~8:tIJ.i.shr'1ent 0" 1--:e\1 indns"t,l'ies accord­
ing to the econoijIic ava:1.labili ty of surpJ.u,s 'raw l:ia.1c.erial. 

'-food of' ,-1 j_f'fe rent s~)ec i8S ')ccurrj.n[:, j.n Phase-l 
area were got ·tested fl--t tbe FO"l.'es-'~ F~esearc:l Instit,ute ~ 
D8hradun during s'i.1rvey rOT' first 1'8 JOi't (Phase I). The 
results of s-:'1..Cb. ~-':>st,s have also been l!.8ta:Ced il'l the first 
report. no sepa~ate wood tests \l8re don8 for this repor~G 
considering tr.f!.t, t,De properties of L1C'_j.1' SllPC1.8S growing in 
the Phase IV aJ:""~- are not different '::'0 -1-- ' 1088 of t he same 
species gro:'liI16 _.r. other phases most 0: ,.' ·ich ha.ve already 
been tested at t: ~ p. ::?O:'~8S.1.:. -Research Insti+',' te < Dehradun. 
Moreo~.'er Colly s')ecj ic test required. .(01' any I}hutan \-Tood c a n 
be carried cut 0+ '·he Forest J.i.esearc11 :::-:nstitute, Dehradun 
in a short notiee" The availarle da:'a and information 
indicat,es that 'i _ore are l ;:lrig l'}.t S8C , 0 for settj_ng up nevI 
forest o::o.sed inClJ.stries within Phase r: area. 

POT EI'TT IJJ.. 
~---.-

'rhe est:tmated availal.--'ili ty of' wood of' t iaj or species 
and grO'l .. lpE~ 'of sD3·.:.ies from the S;').l~u·e:T ~.19 · ·. :for industri2.l 
uses i.e. possiiJle cut minus local dc .. nar.ds during 198 5 and 
1990 have been ?iven in para 13.5.1. Their availabilit y 
according to Sui-:;9.bility for diffe rept. iY.lc.ust,rial uses, 
during 1985 and 1990 is sumuarised in t:.be folJ.cn-ring table: 
(The symbols A, B> C j . D, •••••.• N5 under column (2) denote 
the various end USGS aD desc rih Dd at t~:lC (-;nd of the table). 
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Table 

EST IIvIATED I.;,-'\IAILAB ILITY (][i' lJIFF1.:8:B~\]T 1dOQ)S 

pm. n'-JDU~TnIAL UciES 

Species / S.uitable 
for * 

Availcbili.ty in 
S pee ies gr oups 

1 

Timber species 

Juglans regia 

Shorea r oQusta 

Tectona grandis 

Group A 

Betula species 

Gmelma arborea 

.Nichelia species 

Morus laevigata 

Phoebe goalparen~" l3 

Terminalia m~rri,--, aT 1Ja 

Group B 

(CQh'iferous species) 

Abies densa 

Juniperus s pp. 

Pinus 'tlallichiana 

Tsuga brunoniana 
Lar iJC grif.fi t ,l1ii 

Pinus roxburghii 

Group B 

(Br Oadlea ved, s pp. ) 

Acer species 

_ Ailantus grand is 

Altingia excelsa 

Amoor a \-lallicbii 

2 

E,B~C. 

B,D,E,L 9 A,C,J" 
E,B 

A,G ,B ,C 

B ,D ,E, I ,A ~ C ,F 

A,F,C 

B ,D ,E ,A ? I ? C ,L 

A,B,F,D,E,I 
C,J" 

F ,A,C 

, 
; 
) 
) 
"\ 
I 

J 
') 

"\ 
) 

~ 
) 
) 
) 

) 
) 
) 
) 

A ,B ,D ,E , F , I ,C ) 

A,F,B,D~E,E,C 

A,B ,0 ,E ,F ,C 

A, 1,3" ,C ,D , L 

A~G,F,C 

11 ,A ,B ,I ,C 

B ,A,C 

) 
) 
) 
) 

1"990 

3 4 

4.145 4 .. 691 

i 23.904- 1 52.401 

141 .426 



.. __ . __ ._ .. 1 
..., -._.- '--~ .. 

Group B Contd. 

Anthocephalus cadamba 

Artocarpus s·pp. 

Cass ia fistula 

Cedrela spp. 

Cinnamomum cecicodaPhne 
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2 

Chukras ia tabularis B ,C ,J' 

Duabanga s onneratioi­
des 

l'o1angifera ind ica 

Phoebe baines iana 
Salmalia malabaricum 

Schima 'Vlallichii 

Terminalia tomentosa 

T etr~meles nud iflora 

Group C 

Acrocarpus fraxmi-

B ,I,A ,C 

II 

B 

D ,A,C ,3 

B ,A,C 

folius B 

Albiz zia' spp. 

Alnus s pp. 

Bridelia retus a 

Bucklandia populnea 

B,A,C,H 

B ,A ,D ,E ,F ,C 

B ,C ,J 
CaS tano ps is species C ,M 

Daplmephyllum 
Himalayan~e_ , ; 

Ma chilus speci e s F 

Group D 
(Br oadl e aved spp.) 

Bischofia j a vanica 

·G;a.ruga pinna t a 

Hymenodicty on excel s um 

Lagers tr oemia 
Parviflora 

POPUlus s p ec i es \. 
I,B,n ,E,A,C ,J 

A ,B ,I ,C ,H ,F 

) 

) 

1174.760 
) 
) 

) 

5 220. 978 
) 
~ 

4 



.1 

Group D (Contd .• ) 

Prunus species 

Pteros permum 
acer ifolium 

Quercus species 

Sterculia villosa 

Siyzigium species 

Terminalia belerica 

Group E 

Aesculus punduana 

Alangium species 

Alstonia scholaris 

Amoora rOhituka 
B auhinia species 

Beilschmiedia spp. 

Ca11icarpa aiborea 
~ 

C anarium s ikkimens e 

Cinnamomum tamala 
C10chidion assamicum 

Cordia obliqua 
Cr oton tinglium 

_ .Dillenia ind ica 

Dryptes lancifolia 

Echinocarpus 
s t e rculia ceus 

Elaeocar],:Us 
s ikkimensis 

Engelhardtia spicat-a 

Erythrina species 

Eurya japonica 
Evodia species 

Ficus species 

. Gynocordia odorata 

Gynocordia species 
.Jambos a formos a 

Kyd_i a caJ.ycina 
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2 

C,G 

B ,L,C ,N 

) 
) 

) 
) 
) 

~ 
5 

1 
~ 
5 
) 
) 

5 
) 

l 
) 

) 
) 
) 
) 
) 

~ 
) 
) 
) 
) 
) 

5 
) 

5 
) 

3 4 

114.620 176.135 

278.093 401.663 



1 

Group E (Contd •. ) 

Lannea coromandelica 

Laportea crenulata 

Lindera pulcherrima 

Lit~ea sPecies 

Hacaranga species 

Magnolia species 

Mallotus s pe c les 

~1eliosma species 

Ost odes paniculata , 

Phoebe lanceolata 

Rhod odendr on s pp. 

Rhus s ¥ecies 

Sapium eugeniacfoliuo 

S auria naPaulensis 

Stereospernru,m s pp. 

S pond ias mar:g·j_f,era 

Symplocos ~Pic ~ta 

Taulauma hodgsoni . 
Vitex heteropl1.ylla 

" M.l..scellaneCJt.ls spp. 

2 

F 
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) 

) 

5 
) 

5 
) 
) 
) 
) 
) 

5 
). 
) 
) 
) 
). 

·-5 
) 
) 

., -.-~- --) 
.) 
) 
y 

G ,A ,0 " 
): 
-) 
T '· 

3 

* Va~ipus symbols 

. ."Symbol 

denote the end USes a s under :­

F.nd product 

A 
B 

• C 
~D 

E 
F 
G 
H" 
I 
.J 
K 
L 
M 
N 

Pulp & Paver 
!:'lY\-loOd 
Flbr e board 
HOUse construction 
Furnlt ure-
Pencll. slats 
.Shut tles/b obb ins 
'Hatch ind-ustry 
Paching caS es 
Rail'\:JaY sle epers 
Charc oal 
Poles 
S ports goods 
Agricultural implements 

4 



14.4.1 EXISTING. WOOD BASED INDUSTRIES I~:r SOUTHERN BHUT1-\I'J 

SawmiJ,..ling is the main wood bas ed industr-.:r of' the 
Phase area. The details of existing sa-r,·,rmills in the area 
have beeI1 given in pa_r,a. 12.4.8 ~ __ ._. ,,"_ ........... __ ; ..... , -_.,_." 

14.4:.2 In para. 12.4.9, the details or o.tl1er important w'ood 
based industries (exclud·ing small C ottag.e ;Lndustries, e. g • 
village Sawers, furniture makers etc.) ha"G '~0en given. 

14.4.3 L"'l spite of' enormous resources ~~he ',..,ood based 
industries have not yet peen :fully doveloped in the survey .~ 
area owing to the following bottleneck. 'r10re is, undoubtedl3"'; 
enough scope :for their development in the near future: 

(i) Lack of infrastructural deveJ_opment and 
high extraction cost due 'CO mOlllltainolls terrain; 

(i.i) Lack of po,·rcr supply; 

(iii) Lack of man po~rer and technic8~ ltnmfhow. 

LIKELY SITES FQL.!1_QQD B-'i~ElLIlII:?lJS1:BIAL UNITS 

. ..... The following.-:places appear suitai)le for establish-
ing . di fT'-erent· ·woocLb..asoo -inclust r±aJ~ .. uni t ·s , . c-ons:i:dering 
existing ava:i,.1,a.bi..li,ty of land, po,,\:ler s"L'.pply,. transportation- ....... ,. 
f 9.C 1 ] ~·t,""'"a:nd.- av.ailability ~ of.-.otne:r 'inp ut s : ....,< 

;(.4,.*. Samch~-~.I:Lis- situat.ed ~.a t-. the "bank--·"Qf'··C'h-a!nttreh{-·· ' 
riveI( and i s connected wi..t.h Banarbat·,._.(West 
Beugal,).., w~t.h S.acili t J. e S oJ:' Ii)'eter gau..g..e._Rm J~-.~ ... 

-··stat:Lon and !"Oad·" tr;:lITsport.atiGn by .. "~ational .... __ ... _ '" 
Hi:ghw'tty··3't'·-;,:.:frozn-"1ibere its distance i~m-..._. _ 

_ ·orUy. T·hel"e. i.:,LamplG ·:flat.l:and ,and_~}ratar-,,-4..s ~-''''_'"-•.. 
. 'ava1.1:ttble- thTOughQut the y~ar . to meet the 
. require·ment. of' 'inclustries • Three ' ':factor; .es-'l7".iz·:--· · " 
·Dr-uk Saw lID1: and' Veneering' 'Industries, Samchi 
Fruit Factory and t?aL1chi Distillery a.l.ready ertst··_-- I 

here. Tl1e place i s ideal f'ol~ settilig up .of 
otbe r wood based ~D_gUQ.tries .• .. _ ~ . . -.-- . . 

(2) Phtmt sholing ;- A number 01' Saw Hills and othe r 
industries exist here. Tbis tOlVn b as no t-later 
problem as it is situated- ' 'in the bank of' Torsa 
river. power is drm'ln :from India . Diesel gene­
rating sets for ligbting purposes also operate 
in the town.. It i s expecte d tl'1at Chwma HYdel 
Project which is at a distance of 85 km 'o nly 
will supply sufficient pov!C')T ~n the near future .. 
The plac e i s connected by motor l~oads '.-ri th 
Tbimphu- Ha-l:'aro vcUleys nl1d some othor places 
of PhaS'G I, II? III & 'Dl.. Thimphu is about 180 kID 
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Dnd 'coYln(;c:;ed by bl<".cl: 'l~opped road. Thore is 
171C; -G l3T gaw;2" }~c,_i·h:a:y S·tatton at Hasimara (20 :L'TI) 

and lUip\lrduars (65: l;:m) > I t is connected to 
H8.sun~1:r·o. by blad: topro;:'1 r08.cI ,·,here it joins 
the H2.tionnJ_ Higlmay 31. l'aciJ_i t ies for broad 
g9,U(;u J:laiJ_I;~ay Statio;] arc ['.vailalJl8 at Falalcata 
(55 km) c.1.n.c1 NOH P.lipu:r·C_U8..TS (65 Inn). The plac() 
h~\s llx'iGht prospE:cts fOT establishing any big 
or mcdi ,un sj_z od VJood bo.s (~d i~'1dust,rirLl unit. 
':l:hc only dis8.dvcmtage i . s of non-availo.JJility 
o f ~:; LIT f' :1. c :l. '.::.~ ::''1 t, f'~l at J_ and • 

G(:;G.ll g- It :Ls si t',J8:ted f:i~ L distance of' 1.j·7 ku 
rl~'-O-l'~ P'111.'Y'I~'·'l" O'i·""':.· O';~ tr,'_ "C.Pll1'''''~'s~~ol-i·...,0'_rn.L'nl·m'''''1U .... --.- .. t.L-J. , .... !:J .... ..J-_J...lo _ _ . • J, . .I"..&. -....u..1.~ ... 1 --...t...L1b • • yl. 

H~ .. g}~-.. ]~:';r. Th~. fo :;:'~s';?S a~'··~.-:J~c1 this area ar~ quite 
rlch :::. OT V2.Y.'1.0US lnQ '.:LstrJ.9_L US(:E:;~. .A detalled 
.sur .r ey of micro-·l r.TJol is necessary :for planning 
Gst3.blishrnent of ~:!1 j.ntegTo.tcd (orest based 
ind'_estrial lmi t. ir.cJ.'lKling a Ply-.,.rood :LvIill and a 
Hatch :F'actoI""'.f . A PapoJ:' j?u~p Unit can be set up 
u'l:iJ_j,z 'Lng t h e r8S0UrCGS from Doc1Ju...1.a~ Ua and 
Paro v~\lIGY's. At pres ont tiJerG is a Saw Fill 
run by the Indus-c.:c·les Dc.p 21'tmcmt Wider ti1e 
11inj. try of' TracIe? In'-::'J.stry ai:1d Forests j HOjrC't.l 
Gove '!-:n~(mt 0].' Bhut,8.}'l. ~2ht:; :r" :j is no p ov,rer but 
it "5_t; uxpC':;!ctocl tl1at n':::<1rby' (38 km) C11u},;:11a Hydel 
Proj_;ct wj.lJ. SUPPJ.:_l ulGctric'l.ty in the ncar 
:rut· r,O";. ·v,rc..tcr is ::xvc::dlgbl() in Goau Chu (Gf)du 
I,r~Llc ) l, ::tt d\:~taj_].:':~d. st'..l diurJ for its availability 
..po~·· ":'P l·''''' ·i 'll·iu!.S+l~l· r,s .- .. a' ~ '" "'sary J.. .... 1o.,"_I_. _ .J. .i _'-_ _ 1,.,..0,. ... J _ ,' . ...", . '! l...~:J;Ju c: 2."" l1c; ....... G0 • 

Bhu",Ln Ghat, ~ - The s it . ..:) is ~LocatGd on the banlc of 
\'Tar~' Chl,_'-nTZ'd.dak) and i E.: id'30l :for estabJ.ishment 
of' any .'U1.i t ii' thG corj,J.rcrou::; t:; j_mber :from the 
upp~ , catchm8nt o3.I."'28. j.~ =108.tcd through this 
riv J. EVGn ·c.l1t=) timl~e:c f':r :.;. ;:J Sankosh catchment 9 

i:f 1:- " i\ '·eht dovrn by r-iV 8 :l:'1 C ?-rl :f1..l.rthGr b e broU{_~ht 
to ?bi.:rcon Ghn:t by rocLd. . '1'h(:). pJ.aCG i s conOGC t rxl 
to '_:' ,. <'. ~)"" .' ';" ;'11a~r"" T'T"'s ':- ·r. 'n>:"~" -by road ("f" 'Kill 04.- ", - . j ~··· ... )l .l. '-' .I:::w. . ,' C"'_I '~:' ,_; ".. .r ; L ...:, 0 ,.1.. . L . __ t..t--\.) '. .# .. 

via ~~. :To.:nti) "vhic'11 is <:,,,J_so a r ail head (11.G. 
}iu.i.-;.\vC-l.Y St8.i:ic-n) . It is fur the: r c onnec ted 
(v.:i..r. 3 amul:talc') ;'lith .tUip ll.rdUc.·1T H. G. a.nd N'G1./ 

.Ali .• _ J.J.'Q1.1EtT B . G . Ha:i.lHa:y'· Bt;c~tion (3~; kl'il). Thu 
J'Jati o Yl2.1 Hi gh\T8.y 31 is eon.ncct(~d Hitll this place 
v ic. TLc..j 2.b C\.th};:ho. ... ra c:md ,Se..:rm.u:tnli'i.. '].'}18 re is "'Very 
J.imit:cd fl~"t J.nnd in the pla ce in sr)i'te o:f 
otho :c Ldvanc.ages . illect.j.~ici ty is not 'availC'.ble 
["~t pI~(JS ant . 
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Kalikhola:- The place is situated on the bank 
01' Sankosh river. It is connected "lith N.H.31 
at Barabhisa (-30 kni) :::tn( ,!vith the B.G. & H.G. 
Railvlay Station at Bar.abhisa.. Forests of upper 
catchment and 10' .... l8r catchmont of' Sankosh can be 
ut:.ilisod by cstablisrinr- an industrial unit at 
this pJ_ac8 in nc:)ar futuro. There is enough flat 
ls.:rd. Pc .... r is not, av~.ilable at present. 

Chengmari:- Tho place is connec~ed b¥ road 
\-lith National Higbl,!ay to Keron (12 km) and 
\-lith Keron N. G. Rail'Hay Station. Flat land 
is 8vailable. Sufficient ',later is not available. 
E_,TI", _jctricity is also not <:1vailable at present. 
It is not suitable for any large unit but a' 
Sm! r-li.ll can be establj_shecl at present. 

Sibsoo~- ~he place is quite near to Jaldhaka 
river. It is connected by road with National 
Hi "'h\vay 31 at Nagralcata (20 km) which is also 
a .• G •. Railway Station. B.G. Railvlay Station 
is at Dhupguri, 60 l<ID aYlay. h"1.nd is available. 
Power is drmln from J"aldhaka Hydro Electric 
Proj oct in India. The place is suite.blc for 
wood based industries in near fl,ture \'lith the 
resources 2:.vaiJ.able at Yaba area "Thich is at 
prosent land locked for , .. ant of roads. 

Smrldrup j oI!E,lmar:- It is located in t he foot 
hills and close to f,.ssau State. Rangia is the 
n ca:,'cst Rail\v~.y Station - 50 krn by road - v/herc 
it rr,GG ts I-JationrLl.. HitShl;Jay 3 1. A small river 
flmls in between t h o tc~m "JilJ. meet the require­
ment of any nml set up of industry. Powe r 
su})ply is available from India. There is ample 
fl""t, land and this pl~"ce is ideal :lor setting 
up a PlYHood Unit. Thi..ro is a Savl Mill and a 
Hosin F nctory at present. 

Sarbl1ang!- This town is sj_tuatod at the foot 
h::i..lls near Assar.l bord0r. This i s also an ideal 
p1..ac8 for setting up of any medium scnle industry. 
}~J prerequisites 1'01" industries i.e. power, 
land and ",ater arc available in the sur rounding 
a 1'e"'J. o Ele-ctric po .... rer i s obtained from India 
1'0"': local consumption 2.t present.. It is 
conn0c t ed by road '''lith N .H. 3 1 a t Bismuri (32 km.~ 
Noo-rost E.G. 8: H.G. RailvT21.y Stati o ns are a t 
Bungaigaon (75 lon) and Kokrajhar (65 km). 

Gayl egphug: - The tmm is situa·ted at tho foot 
hills n ear Assam border. Thoro are two major 
v{ood based j_ndustriGs viz: a Venee r and P1YVTood 
Mill and a 11D.tch li'actory, in addi.tion to two 
SaH HLlls. 'l'he pO'(Jcr i s obta ined from India. 
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Ample \vn.ter is availQ.ble to meet the requiremont 
of industries from A1 Chu ""hich is very close 
to thiS tOlvn. _The \vhoJ_0 area is excellent and 
has almost flat terrain. T11iS ploee may be 
considered for vlood b2,sucl industries for 'Which 
wood of Bumthang arGC;. can bB brought down by 
the existing ronde The place is connected by 
road ",ri th Kasigot,ra whe ro it meets N oH. 31 
(5Cl km). Tho B.G. and 1'1.G. Railv1ay Stations 
at BongaigQon are 70 l-cm away from here. 

Bhanp;tC',r~- The r>l8.ce is sit.uated on foot hills. 
It i-s connected "-lith Ne.tional Trunk Road at 
I~1angaJ_dei (12 km). Tangla is thl-3 neare st 
R8,:Llvmv station (20 km) wh ich is also connected 
by road. Fciver Barsadi '.lith / sufficient "vIator 
floWS nearby. At present thGro is no pOller 
supply which is to be drm.Jn from T <"ngl a • There 
is enough flat land nvailabJ_o. l~t present 
-there is only one 80:1:1 1,1:Lll but it b as got 
enough scope for Q_8velopment of \'lOod hased 
industries incluciing a PlYl'TO('Ai !tLll in noar 
future. 

l\birkhiria:- It, is 20 l:m aU2-Y from Tangla 
n3..ilway Station Situated j_n the foot hills. 
Sufficient flnt land is aV8:.ilable. Hater is 
not available i n plenty ns the . only riv e r 
Khirkb.iria remain~ d ry (luring '.Jinter. ELectric 
P01,'TGT is also' not 8.vnil able. A Saw I·till and 
othe:i:' smalJ_ sc8..le f'or8s~t bnse d industri es may 
come up in nes.r futu_re. 

Nooly-:- Neoly is about 20 km away f'rom Tangla 

M.G .. Rail,,·ray Station (',nd connected by road. 
The land required for se t ting up of an industry 
is available but there ·is no electricity. 
vJat8T is not sufficient fOl~ big ind:ustry since 
the rivcr Kalanadi r e mains dr-J during -tho ' ·Tinto r. 
A coalmino lU10wn 2.S Kalancli colliery is at 
pres~nt in operation. A 5:3.\1 nill a nd other 
smcll sc al e wood industry- may come up i n n ear 
future after eonstru_c tion of f o rest roads fo r 
ext rae tion. 

\ 

(14) Q_<}ifam:- It is connected '''i t h Odalguri Ra ilway­
station by road (2('; km). The l'·Jc..tional 'I'runk 
Ro2d at Hangaldei j_s further i 5 k m away from 
Odalguri.. Sufficient fJ_at land j_s nv a i lablo. 
PO'l{er is to bo .d rmoln frqm Od2.lguri ~ Assam. 
River Dhans.iri has got sufficie nt wa t er for any 
industry. There i s n o scope lor ir,lmedin te 
est ablishment of f orest industrios since the 
fo:!;,cs t, be},t i s abov e 5- 6 km away and there is 
no road at prosent 0 There j.s scope for esta­
blishment, of a Sm·r HLll or even a PlY'v-o-od l-fLll 
a ft er infrastrLlct;uro i s dev eloped . 
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14.6.1 IHl<1EDIJ5'E INDUSTRIL.L POSSIBILITlill3 

E3tablisbncmt or some ,.rood based industries on the 
basis of' present ini'rastructure f~,c ili ties will enhance the 
economy of' the nat:Lon ['_,-~.i improve the standard of living of 
tho people. The -.;stD.b~L_.shmcnt of' the follo\ving \vood based 
industries, o.f'te~· f·cD.sj_.Jili ty studies ,} is possible in the 
Phase IV area in the near future. 

(1) Intograted Half Wrougbt Unit:- This unit can 
manufacture pencil slat, shuttlos and bobbin blocks. Based 
on the availablo information on fOT8St resources the half' 
"r'rought uni t o1~ about 6 tonnes P8T day capncity can oasily 
be set up. The unit '.fill use 3 tonnes/day wood for pencil 
slat from 'W'hich 60C' gross poncil sln .. t of 6 ply can be producucl. 

Tho speci..]s sui t<:'.b10 1'or pencil slat and shuttle 
nnd bobbin viz~ 1~Q1£~ Castanopsis and Celtis allstralis are 
available in sufficient qU2..nti ty \-li thin Phase Dr area. The 
maj or species .... rhich are sUi table fo:' pencil are §ymplocos 
spicata, J.ilantus grand?-.s, J1U1ineru~ spp. ? /J._nus spp., 
Populus spp. etc. 

The capitaL required for set~ting up such a unit 
will be c.round Nu. 2 l'-fillicn. 

(2) Sa\·! i'tLlliT!.f'!.....l. IvIanufacture of Furni turu and 
Pac~n~~!- 1. nl:unber of sa"r l":1ills c(',n easily be set up 
on the basis of D~is ting available forest resources. The 
items ,...,hicl1 can be: manufactured from the available species 
in Phase IV arc household and oIricc furniture and packing 
cases. It is suggested ·that a 1:rOGdon pacldng cnse manufactur­
ing ~~it at selected loca tion may be sot up. The capital 
required for a ur.~t mop~uacturing 60,000 packing cases p er 
annum ,,[ould be approxir:n: .... tely Nu. 1.5 lakhs. 

(3) Pl:,n.lood Unit:- The maj or species sui table for 
plywood as recommended by ISI are ava ilQble in Phase IV in 
substantial quantity 9 as may be seen from t he table under 
p ara 14.3 .1. Commercial and tea chest quDli_ ty plYVlood can be 
mnnui'acturod froi!l tho resources availabJ_o. 

Tho idcc~ location 1~or setting up of pl.ywood fac 'tory ~ 
based on Phaso IV r osources a:-ce So.mdrup Jongl~har) GnYlegphug 
and Gedu. I n the three locations a ll necessary facilities 
for sotting up o f plywood units arc available. However, _ 
transport of' ply logs from forest arGas will pose some proble ms 

1'.. plywood unit, producinf, mor~ them 10 million sq .l!1. 
can easily b e set up at the proposed locatiens. Tho co-pi tnl 
r equired for settlng up an economical lLY1i t o f 5' million sq .171. 
will b e around Nu. 2.5 crores. 
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14'.7.1 li'urUHE INDUSTRILL POSS IBILJ;:J I~ 

Tho folJ_ol-"'ing industries mny bo ccnsidered for 
i'uture: planning as and \-lhen the ini':rastru.cture fac j_li ties 
are developed o..nd r.::mough electric pOHor bccomcs avrtilnble. 

(1) Fibre Board ~- Fibre bon.rd can bG manul'actured 
from the vlC1..stO '''''God available from plYI,'lood and savlmilling 
industries. ,1 ... minimum 5'0 tonnes pOT day capncity ''''ill be 
economical and 1,1ill Tcqui.re about Nu. 150 l a yJis as capital. 

(2) Pulp and Paper:- ForGst rosources f rom Phas e I, 
II, III and IV p .r"-.)L\. S cnn be used for -tIll) manufo.cture of 
speciali ty pRpors lilw c2.ble ins ul c.J.t ion 1 sack kraft etc. 
These pnpors roquire mostJ.y coniferous wood.. The capital 
required for sotting up such a unit \-rill b e arOlmd Nu.46 crorcs. 
DetailGd i'oasibili ty st u.clies are, hovlovcr} necessary for 
planning ostablis hment of this indu3try. 



CHf..PTEP. - X'! 

15.1.1 

Th.c. forests of Southern Bhu·tan '.lith i.ts valuable 
resources provide ':_mmense potcnti:D.i ty for c:sto..blishmcnt 
of small scala? 1, .;Qiu...'il and J.arge sc0.1o woed based industrios. 
To tap these rUTIGwablc forest resources on commurc~al lines 
for ihdustrial supply~a sizeablo quantity noeds to be harvested 
annually. Obviously thoroforo l a rgo siz od invbstments on 
I.ong term basis for procurement of' mClchin(~ri()s ~ constructicn 
of' good net \lorl( of roads and off'ect;ivu t.ransport system to 
suit the home terrain as cUso in shapil'ig :r;.18.nngeriaJ- expertise? 
supervisory skills and manpoller, arc inevitable. 

15.1 .2 Ex::ploi ted i' orest aroas nG0ds to b'G restoe ked to fulfil 
tho silviculture}. requirmnent of spocios t;o bo regenerated to 
onsurG sustainc.::d supply of ind.ustrial \'lood. ']'0 (."msure the 
silvicul tural obj Gctives adequate t~ echnic21 expertise to study 
silviculturaJ.. probler:ls nnd to evolve suitable regeneration 
technique to suit the local conditions and manpower requiromont 
for large scale regeneration progr~.mr:1G in a phased manner needs 
to be properly org2.nised. utmost caution is advocated against 
hasty and drastic cuttings in pn,2!forence to regeneration 
problems, which o'tlxnwise may upsct L~h(;' indllstrial planning 
and stagnate tho gro\.,rth of' industry at -any st2_ge .. 

15.1 .3 Tho expansion of the Department of Forestry has to 
precede the forestry devclopI:lent programmes, harvesting of "TOod, 
development of infrastructure and s0tting up of big siz cd 
industries. 1~ a prorequisite tho forests have to be demarcated 
and ear mnrked exclusiv f"3Jly, under scionti.f'ic mcmagement plans. 
To achi\.;vc this 5 tl1~) l'·or0st. Dopartment ""auld need the services 
of professionally trainGd foresters 'Cnd ski1l0d forest, lubour 
to tackle tho forost oporntions 2.nd ox.ploi tc:.ti_cn of' wood 
resources. 

15.1 .4 Pre -investmi..:nt study of the planning and investment 
colculations projocted in thiS ruport o..ro of I :tnero-level ' 
\vhoro problems arC! dealt 'I,']ith on broad b ns is. Generally a 
timo horizon of 25 years is plonnod, thnt Play b e c x tend od 
upto 100 yU[l.rs till tho rototion age of forests. The detail.od 
or micro planning can be made vTith the help of data presentod ', 
c2lculations deDo, back ground nnd norms discussed. The final 
decision and alternative t echnology to bo employed arc left 
at tho discretion of local mnrlCtgor \{ho '''ill be in a position 
to keGp in mind the policies of Royal Governm(2nt of Bhutan? 
the local cultural, socio-cconowie ~nd technological considera­
tions and the aSSistance nvaiJ.D.blc while executing :field 
oporo..tions. 
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15.1 .5 Forogoing paragraphs enlighten t1J.o 0xtcnt of 
optimum invostm<?nts to be made for tapping tho uvoilahle 
\tlood stock with the: existing infrastructure. Tho likely 
investment for various machinerius ('nd manpower have been 
detailed theroin lcP regards oth(~_r timely requirements for 
extraction cf' tinber and establishmunt of '<load based units 7 

neco'ssnry mc.dific::tticn could bo envisaged to suit the local 
conditi011s. 

15.2.1 IrN EST l1ImT C f"ICU Ll3' IONS 

Cnlculatj-ons of invostmont roqui 1'e munts 0..1'0 b2.sGd 
em cperation--wise dGtails of tools, mach ineries ~ tbeir 
proqure ment cost (1978-79 level in Indi2n It:<.rkots) j llverage 
annu'll output (prcduction) of each tool/machi nG and manpowe r 
requiroment :for handling them. Thos o helve;, bO(.:m \lTorke d cut 
in second (Phnse IT & III) rupo r t - .! ide po.ra 15.2.1 - and 
ere roproduc 8d in tho follovling t aDl e : 
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15.2.2 It iS
9 

in fact, difficult to anticipate the economic 
life of th0 individual tc ~ls/machines, ovTing to the deprecia­
tion value shall hnvo t< "t . .) vis1..lL'1,l .... zed 2.t initial stage when 
cD.pital investment is cent ~mplRtod on the basis of quantity 
of tools/machines avuil~ble, their efficiency (output), in 
the similar conditions prevailing else .... lhere. 

15.2.3 Financial implicp-tirms and m~'tnpovl0r requi rem6nt 
can be \"rorked out once the total available growing stock, 
volume- proposed to be extracted, the assortment .required 
and. the technol(_,gy rl.nd means of trans'')ort nrc fi'naliz ed. 
J-.. training progY'r-u;l!"IC: for managerial, supervising and technic2J. 
staff as also f'or skilled Llnd semi- slcil1.0d labour shall hp..ve 
to be planned ,,,relJ_ in odvancG of commencement of J_ogging 
op'oJrations • 

..:15.2.4 The ov~.:;rTIoads on manag8n10nt, establishment, super­
visory c~drc anr' _ abour wages of recurring natur8 shall have 
to be provided as working capital. 

15.2.5 The area and the totaJ.. growing steck of the "opernble 
forests" is ~stimo..ted at 663542 he. (para 9.3.2) and 
147396.750 m' (paro 9.4.1) rGspectivcly. Thc average growing' 
stock of oper~ble forests is therefore 222.136 m3/ha (p8rn 
9.4 •2 ) • 

15.2.6 It is estimated that in tho bns G year 1980, a 
quantity of 1409806 m:Sof ,·rood in round could sOlely be made 
available for industrial consumption after allowing lor 15% 
conversion losses ~ vide pera 13.305. 'The available raw 
materiLll thus rcclwns 1558595 1""3 (or 1 .66 million m3) of 
growing stock in situ. 

15.2.7 Commercial exploitation of- tho 2.vnilablc growing 
stock :fran operable arca is possibJ_e once the necossary 
infrastructure is built up and both m?.nagorial and super­
visory skills 8.re avrtiluble. in ostimated capital invostment 
and manpovTcr rcquiroment has been ' ..... orkod out in the following 
table: CJ 
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15.2.8 Tho o.boVG to.blo indic::l.te:s the roqnirements of 
equ:Lpmcnts, m2.chin0rics 8.nd tractors fer transport nnd man~cwer 
reqvirement. It is howevGr obsoY"vod that tho manpC'I.-rer reQ_Ulre­
mont is siz eablo :in spi to of possib12 mochC'.nizntion which may 
perhaps e.f'f'ect Gho timely and rcgul'1.1' ,,-xt,raction of woed :from 
forests and snstnined f'lo\{ to the proposed industries. Labour 
problem in the survey aroa cannot bo over-emphasized to cope 
up "'Ii th soasonal forestry operotions vis-<.'c-vis production of' 
industrios .... lhie:l1 rtru complementary. In this tnble deployment 
of tr2.ctors, gravity ropc\.J'ays CLnd cnble crnnos hnvo been 
provided according to tho results 0f studies ccnductod for 
"Accessibility [lnd Cost" (Chapter XI - Part I -J. 

INV EST HEl'T'J' EST IH1{L' ES 

In tho light ci' vp.rious important technical inferences 
brought out in th\J pr~c ._;ding p:tr2.r'~ilphs, the ostimate, for 
total investmont rcquirud in vnrious secters of forestry by 
1988 for obtaining tho oYO-ilablc yieJ.d with proper scientific 
mnnagemcnt of tht' forests of the aJ. C"l under report hav o bccn 
worked out and arc detailed in thl...) folloT:Lng tnblo: 
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Table 

INVESTf'lENT RECiG JREHENT UNDER V_!\R.laJ5 }<. CP'o:..:BTRY bECT:.m s 
• 

Sector LTlvcstment :eriod 
Nu. HilliO!1 (year s) 

Training of staff 5 5 

Survey & Demarcation 5 5 

Pr e par at .. i on of logging & 5 ') 
regeneration plans 

cons tructian and 8 8 
maintena....'1ce of buildin gs 

construction and mCliLtenance 
of -

(a) Pacca roads 270 8 

(b) Forest rOads 95 8 

Purchas e of loggin F.f & other 224- 8 
machinery includin{.~: true,ks 

Regenerat ion & planting 60 8 

Total 672 

.i~ver age annu­
al in ves tmen t 
Nu. Million 

1 

1 
I 

1 

1 

34 

12 

28 

8 

86" 
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15 .3 .2 f,J3 S1.l.ggcsted i.n p?t.ra II . p .. ? tht; entire 0xpendi turG 
on ccnstruction f'..nd m~in"'::,'")r-Qnce ,-i 1101'1 roads which (\rc 
nccossary for gcn~ral a~ _"- dcv8J.Gpm~-"'!.t, TIJuy not bc cb2.rgcd to 
the l' orcs try. s ·~ctor. 

15.3.3 Though t:r: d.cvClopmcmt c.f ill' el~~nizcci logging has 
beon aimed at" !'dl_jquato manpo\/cr rcqm ;"omcnt cannot bo 
undcrminud to popu"'.urizc ·the logging opJrotions Ctt, large. 
The estim2.tes c.(' ~ J.npowGr rcquircmclt. "ro given in para 15.2.7. 
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APPENDIX 12·.1' .(VIDE PARA 2,5.1 OF THE REPORT) 

A GLOSSARY OF LCXJAL NA}1E OF C·OMMON PLANTS WITH THEIR 
• .... Bar ANICAL EQUI,VALENTS 

Local name Botanic~:J_ name 
------------------------------~~-------------------------- --------

Agar 

Ajhar, Jorul 

Akhane 
• t 

Am . 

, .. Amari, Lali . 
Amaro 1 Amara 

. Ambake, Jamune 
" ,. 
An·g~e 

Archal 

Arkaula, Amkhola 

Arupate 

Athor 

Badam ' 

Bahuri Ka.t_h 

Bajrath 

Bandre, L'emt-em 
, , 'f-

Bange i 

°Barahar 
Barkaunle 

.Barrar 

Behe ra t Barra/Burna 

Bepari 

,TREES. 
ft .•. 

Aqu~iario agallocha , 

La~erstroemia flosreginae 

Alan,·gil.lllJ s pp • 
'i .. , ~-

M:angj_fera spp. 

Amoo~a wallichii 

.Spondias mangifera \ 
• 

<-Tambo's a formos a 

Phoebe hainesiana 

Antides ma diandrum 

Quercus s pi.cata 
\ . 

prunus.nepalensis 

Artoc a rpus s pp. 
. 

Sterculia a1.ata 

Har.s d e ni a spp. 
r~ 

, 

Quercus ~s emis e;r.rata/ 
lamel·osa 

• 
Gynocarctla spp. 

l 

Berchemia flori bunda 
Ficus bangalensis 
C a s earia glomerata 

Artoca~pus lakoocha 

T e rmin a lia b e l e rica 

Ostodes panicula ta .. 
Elae ocarpus v a runua 



-Local name r- Botanical n9l1le 
----------- ------_.:..' -~-:.:....-__;;--_..;;----.--- --_._---
- Bh-alayo/.BakimlO 

Bhalu Kath 

Bhelkor 

Bhel1,l 

Bhojpatra/BircL:l 

Blue pine 

Bogipoma 

Bohari 

Bola, Kimbu 

Bonsum 

Buk 

Buradhoyaro 

Bu:rance 

Champ 
/ 

Chaplasq 

Chatiwan 

Chhalegach, Gendhil1poma 

Chikrase ~ Bogipoma 

Chilaune, Gogra 

Chinde 

Chir 

Chunyel,. Thekra 

Cyprus 

Dabdabe 
. 

Dalchiwari 

.( Rhus. --griffi thi'i ' 
(.!semec.arpus anacardiuD 

T.al?-U1T!a qodgs oJd 

T;re\da l1:udiflor9. 

Tetrruneles nudiflora , 

Betula spp. 

Pinus excelsa 

Chuckrassia tabularis 

C ard1 a obliqua 

Morus laevigata 

Phoebe goalparensis 

quercus spp .. 

Lagers troemia parv1 flqra;. 

Rhododendron spp. 

Michelia champaca 

Artocarpus spp. 

Alstonia 'scholaris 

Dys oxrlum hamiltonii 

O1uckrassia, tab1J.la,riB 

Schima wallichii 

t1a.cropanax spp. 

Pinus roxburghii 
f ~ 

: Bassia butyracea 
Mellosma simplicifolia 

Garcinia tinctoria 

Cupressu~ spp. 

Garuga pinnata 

J Elaeocarpus aristatus 



Local name 

Dews. 

Dhuna 

,Dudhe Lampati 

Dudhila 

D~ri 

Gamar, ,Khamar 
". 

Ganserai 

Gante, IBandre 

Gayo/Gaumbha,) Kuhir 

Ghoge Champ. 

Gineri 

Gobre 

Gobresall 

Godgudal, 

Gogun 

Gokul 

" 

GokuldhJ.lp, Dhuna 

Guenylo 

Haldu 

'. 

,Halonre, Jia 

Hare 

Hatipa.i.le 

Hemlock 

Hollock, Panisaj 

Holure 

1.-88 

. , 
I Botanical name 

;'\ ... 

'.Artocarpus lakoocha 

'Canarium sikki:mense 

. 'it "-;, L . sea spp. . " 
Ficus nemoralis 

Ficus glomerata 

'~;Gmelina arborea 
J J ' • 

Cinnamomum cecicodaphne 

Gynocardia odorata 

Bridelia retus a 

Magnolia spp. 

Pr9mna bengalensis 

Echinocarpus ster,cuJ,.iaceus 

Abies densa 

sterculia villosa 

Sau!auia napaulensis 

Ailantus grandis . 

Canarium sikkimense 

Callicarpa arborea 

Adina cordifolia. 

adina "lodier 

DrYpetes lan,cifolia 

Terminalia cbeoula 
..! 

Pterospermum acerifolium 

Tsuga brunoniana 

Terminalia mY'Tiocarpa 

Lannea coromandelica 



Local name 

Jarnmuna 1 Jarnun 

Jarul 

Jhankri Kath 

Jhikri 

Jhingni 

Jua 

Juniper 

Jutuli 

Kabra ~, 

Kadam 

Kakur 

Kalikath 

Kalipa.?enle 

Kan j CJ.l, Uriam 
... 

Kapas i/Kapari 

Karan 

Ka..th a l 

Ka tus 

Ka wla 

Khair 

Khamari 

Khanakpa 

Khanium 

Kharane 

Kh ari 
~ 

Khhira 

t', . ·'(1' 

1 .. -89 

r Botanical name 

Syzigiunf ··spp •... 

Larix griffitq_ii 
~ 

Phoebe lanceolata 

Altingia excels'a 
• • 
Eurya japonica 

\ . 

Lannen coromandelica 

Juniperus spp. 

Altin~ia excelsa 

Ficus benjamina 
,~ 

Anthoc€phalus c a damb a 

Acacia l enticularis 
-, 

Safcosperma ar,boreum 

Li ts~a oblong a 

Bischofia javanica 

Acer spp. 

Adin a cordi f oli a 

Artoc a.rpus spp. 

9 a.stanopsis spp. 

M8.chilus spp. 

AC a ci a catechu 

Gru e lina arbore n 

Ev odia s p p. 

Ficus cuni a 

Symplocos s pica:t:{ a 

Ce ltis t e trandra 
r 

f ( 

Hola rrhe na antidysent-e riCa. , 



Loc~l name 

Khokan/Khoku 

Khollile 

Khorsane 
4!". 

Kimbu 

Kubinde, Pichala 

Kulir 

Kumbhi 

Kutmero 

Labar 

Labshi 

Lahasune 

Lake chi~aune 

Lali 

Lalikaram 

Lampate 
Lapcha 

La.pchi (Phal) 

Larch' 

Lathi Kath 

Lathor, Sam 

;Lati .mauwa 
I 

'Letm:/Lathar 

M aina., Bhelu 

Malagiri, Gonserai 

Malata 

A-90 

Bot'anical name 

Duabanga. sonneratioides 
.,1: 

Symplocos spicata 

C innamomum caudatum 
. 

Morus lae'vigata 
, 

eyd:i,.a calycina 

Bridelia retusa 

C areya arborea 

Litsaea polyantha .. ...;,. 

Ficus elastica 

( Firmiana colo'rata 

, 

( Pterygota alata (sterculia) 
( Alata'~ 

Amoora rOOi t.u.ka 

"Nyssa- j.~vanica 

Amoora'·..JalJichii _ 

.' Hymenodic.tyan excelsum 

.. Duabanga s onneratiOides 
croton ·tiglium 

Machilus edulis 

Larix griffithii 

Glochidion thomsoni 

Artocarpus chaplasha .._, 

Clochidion assamicum 

Artocarpus chaplasha 

Tetrameles nudiflora 
., 

Cinnamomum cecicodaphne 

Ma'caranga spp. 



Local name 

• M andane /!vi ondap_ey 

._ H an g_o_,_ Am 

Mau'iva 

Haya (Kath) 
L . 

IvJorange 

Nageswar 

Nebharo 

Odal 

Okhar 

Pahenle 

pakasaj 
• 

Panchpate 

P-anchphal 

Panisaj 

Parari 

patpate 

Phalame 

Phaledo 
h 

Phust-~ Champ 

Pipli 

Pi tali, Bhelkor 

Pipalpa te 

Porna 

Popular 

Putli 

1..-91 

Botanical name 

Ac-:r'oc arpus- -f-raxini foli US 
r.'_ ... 

Mangifer-3. s'ylvatica 

Engelhardtia spicata 

Eriobotrya-;bengilensi's 
'-

Laporte~ crenulata 

Mesua fe:r:re.a 

( Ficus hookeri­
(Ficus I'oxburgbii 

Sterculia villosa 

Suglans regia 

Neonsucles griffithii 

Terminalia tomentos a 

Vitex heterophylln. 

])illenia indica 

Terminalia myrioc a~pa 

stere ospermum chelonoides 

Neliosma sirnplicifol ia 
-; 

Myrsina serniserrata 

Erytbrina indica 

Miche li-a spp. 

Bucklandia populnea 

Tre wia nudiflora 

( Populus glauce a' 
( S a pium eugeniaefoliurn 

C e dre l a spp. 
,. 

Popul u s spp. 

Ac e r l~evi gaturn 



Local hame 

Rajbrikha 

Rakat Chandan 

Ritha 

Rohini 

ScUn 

Sal 

Salla 

S~ 

Samgata 

Sani 

'Sarla 

SatJ.sale 

Satpati 

set;i, Jutuli 

seta-Odal 
"-

Bidha, Sid'a 

, : S'imu 1, , Simal 

Sihdhre 

Sinkau1i , .. _Sinha l 

Siris 

Sissao/Sis8na 

B ona1u 

S wami 

Tanki . -
, 

Ta rs i n g 

E-92 

Botanical name 

.' 
,Cassia f:1_stula 

IDaphniPh~Tllum himalayense 
<-, 

Sapindus detergens 
{ 

M~11otu8 spp. 

~re:f'minalia tomentosa 
.l I 

. Shorea robusta 

Tsuga brunoniana 

Betula alnoides 
I 

Duaba:hga sonneratioides 

Art oc arpus s PP :0 

Pinus roxburghii 

Dalbergia latifolia 

Aesculus punduana 

Altingia excelsa 

Firmiana co1ara t a 

'L a ges troemia, ~arvi flora 
\ 

S almali a malab,aricum 

Nallotus philippinehsis 

Lindera pulcherrima 

Albizzia spp . 

Dalbe,rgi a 8is800 
.~ .•. "t; 

Cassia f i stu la', 

Ficus spp. 

B auhini 3. S pp • 

Beilschmi edia spp . 



Local name 

Tartari 

Teak 

Tejpat 

Tengre 

Thall 

Thulo pahenla 

Toon, Poma 

Uriam 

utis 

\-/alnut 

Yew 

Assaml.ata 

Basak 

Chitu. 

Dhuptita 

Hardi Kath 

Mechia sag 

Horange 

Pipla 

Sisnu 

Taraphul 

Titapat 

1,.-93 

SHRUBS 

, 
Botanical name 

DiLL.enia pen_ta,gyna 

T ectona grandis 

Cinnamomum teJ~ala 

Tsuga brunoniana 

Turpinia pomifera 

Li ts~a spp: 

.Cedrel.a toona 
Cedrela febrifuga 

.~ 

Bischofi,a javanica 

Alnus nepalensis. 

Juglans '""regia 

Taxus baccat'a 

.. 
Eupatorium odoratum 

Dichrod febrifuga 
, , 

_! r t 
Clerqdendrpn infortunatwn 

phlog cic an thus -·th~rS-1·f-l-orus. 

l-{or1nda ci trifoli~_,A' 

Hurraya Kdenieii 

Laportea crenulata 

Piper spp. 
, 

Gir~rdinia palmata 

Coffea bengalensis 

Artimasia vulgaris 



Local name 
/_ 

Tarika 

Bhalubans 

Choyabans 

Gopebans , 

Phaling 

Sau 

Debre lahara 

Kurkus 

Pani Lahara 

BIu'vIBObs 

'GRASS 

CLIMBERS 

A-94--

Botanical name 

';',' . .. 
'Phoenix rupicola 

D endroca1.amu.3 sikkimGnsis 

Dendrdcalamus ha~iltonii 
,. ~-

cephalostachj~~ capitatum 

Ps~udostachyum polymorphum 

Pollinia ciliata 

Spatholobus roxburghif .-, . 

(·.Hillettj;a :J_uricalata 
, (""SmilEp{ macrophYlla 

) '.' ,vi tis lati folia 
~ r. -,~.( fl . 

. - t. ',~ ~ I 
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The det?i~s of methodolegy adopted for various 
inve~tigations and studies, carried out to collect data, 
its analysis and ultimate presentation of the results, 
have been explained in this part of the report. 

The basic techniques remain same as for provious 
two (Phase I and Phase II & III) reports. The design of 
survey for inventory work is same as for Phase II &,II1 

report. Stme medifications in the design of P.D.F. (Plot 
Description F~m) were made in this survey to collect 

information on soil erOSion status and Wildlife. 106 t:roee 
~pecies have been codifi8d in this report as against 36 
and. 78 in Phase I and Phase II & III reports respectively. 

Separate chapters on methodology used for IfInventoey", 
"Photointexpretationlt , ttData Processing't and ''Demand and 
Market Studies t

[ have been given in this report. No separate 

volume s~udies were conduQted for this report. The fellings 
done for Pha~e II & III rep~rt, covered some areas of 

Ph~e IV also. ,+he d,_etails ·of l'lfpthodology for ttVolume Studies't 
have _ ,n~t been incorp~rated in this report ,- for which the 
reade~. may ,;refer,: to eorresponding chapter of Phase II & III 
YepOI't, 

Il.~l.lstrations and diagrams have been given, wherever 
found l'teeessary" 
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CHAPTER-I 

INvENTORY 

1.1.1 SAMPLING DESIGN 

Assessmen_t of variables in the tree population fo.r 
Phase IV survey area-_ was done by adopting the sampling design 
of systematic clusters with a random start. Tho design 
ad.opted for survey in Phase II & III 1I1as tried on 100 sample 
po~nts taken at random over the .. survey area (Phas e IV). The 
data so collected was, analysed and it was found that the design 
for Phase II & III is suitable for Phase IV, as well. The 
desired accuracy of ± 10% error for the total population at 95% 
probability level ~ould be- achieved by adopting this deSign. 

1.1.2 As in ~he case of Phase II & III, two point single 
cluster sampling spaced at 3 km x 3 kID was adopted. In all 
1132 clu_sters with two Sample poi-nts, situated 100 rn apart 
towards North and South directions of the cluster centre were 
laid out over the 3urvey area covering 10318.28 km~"-

1.1.3 

1.2'.1 

The sampling design is outlined on the facing page. 

·SAMPLING CLUSTERS AND POINTq_ 

The cluster centres Here marked on 1:50~000 gridded 
topo s.hee~s with a random 8

J art duly identified ''1i th serial 
numbers and respective grid references of the map sheet. 

t 

1.2.2 The ,catchment-wise distribut~;_on of clusters and sample 
pcints over the entire survey area is c:tetaiJ_e"l below: 

Sl. Cat9hment 
No. of No. of sample pOints 

No. clusters (j_Ilside survey area) 

1 • Jaldhaka 93-k 187 

2. Tors'a 192t 385 
3. Wang chu 97 194 

It. sankbsh 237 474 
5. Mangde Chu (Tongsa.') 45 90 
6. Manas 119 238 

7. Ai Chu, (Mao) 85 170 

8 _. Gainri 31 62 

9. Neyera Aroa . 84 168 

10. Nme 48 96 
11 • I Jom,o' 100 200 

T~tal 1132 2264 



-2-

1 .2.3 It is observed from the distribution of clusters and 
sample points l that the representation of each sample point is 
more or less proportionate to the geographical area falling in 
rEispective catchment because of systematic sampling d~sign 
adopted for the survey work. The distribution of cluster centres 
in the survey area is shown in two separate diagrams on the' 
oPPosite page. The cluster centres and sample points were 
transferred on to aerial. p}].otographs for speedy loc8t,ion of 
features during field inventory work. ' 

, ' 
'1.2.4 1224 :forested sampl~ points were physic9lly visi ted and 

- complete data· wa~ collected. In addition vicinity of 206 forested 
polnts were visited. Apart .from this 408- sample points falling 
under habitation, cultivation, fallows and pastures etc. were 
visited and vicinity of 12 sample P9ints falling under AJ,.pine 
pastures and Barren land was surveyed to verify'the possible 
changes taken place subsequent to the aerial photography of the 
survey area. Owing to the inaccessible nature of terraip . '. 
3'96 sample points 'could not be visited. 

1 .2.5 16 sample points f8J..l u!1der photo gaps and 2 :fall outside 
the Proj'ect Area .. 

··f .2.6 The break-up of the sample points into various cp:te.gories 
as stated above is summarised in tl:le following -I::..hl_c: 

_' -----
Under 

Plot clas~ification Forest 
Land 

Under other lands 
i.e. cultiv?tion, 
habit8tion, AlP1n8 
pasture & scru-r , 
Bar~9n land and 
wate-r spreeds 

Total 

' .. . _, ----..;......;---------------------
'Inaccessible 

Vicinity v isi ted 

Visited and aLl 
data collected 

Total 

Sample points fall-

374 

206 

22 

12 

396 

'218 

1224 408 _ 1.632 
----------------------~--------------~------1804 -' 442 ?246 

-------------------------_ ----------------
ing in Map & Photo "\ 6 
gaps 

Sample po~nts out-
side survey area 2 

GRAND TOT AL "2264 
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1 .3.·1 FIELD PROC.3DIJRE 

The inventory work for the Phase IV survey area was 
carried out by engaging eight crews. The Junior Technical 
Assistants were entrusteq the task of leading the crews. The 
crew consisted of Crew Leader assisted by a Deputy Ranger and 
3 trained Fieldrnen \Vas made responsible for lac ation of sa.mpl~ 
points and collection of data. ' 

1 .3.2 Each crew was provided with a set of topographic map 
sheets of respective survey block and aerial photog r a phs 01' the 
survey area. The eluster centres already marked on the to po 
sheets are located on the ground with the help of prominent 
ground features and by referring to topo sheet and aerial photo­
graphs as well. After adj us ting the silva compass ~ the cluster 
centre is located by traversing. A brief account and exact rec("rd 
of line of access to the sample points with reference to promi­
nent ground featUres, such as trees ~ nallahs, river, chus, h ill 
ridges) lap.'i slides, pa.ths ~ constructions etc. were maintai ned 
for verification purpose in due course by the check crew. 

1 .. 4.1 INSTRUl'1ENI'S 

The · field inventory work i s of specializ ed natu re, l a test 
precision instruments like Spieg al Relascope, Blume Leiss Hypso­
meter, Silva Compass, Pressler' s b~rcr were u s e d fo r t r2e mea~ 
surement, slopes and other inventory d etails. 

1.5.1 FIELD DATA FORMS 

The data "ollection at each sample point wa s done b y 
re'spective c~ews~ in the following prescribed forms:-

1. Point~Description Form 

2. Tally Sheet (Live Tree ) 

3. Tally Shee t (Dead Tree) 

4. Sample Tree F o r m 

BHl - 1 

BEl - 2 

BHl - 3 

BE l - 4 

1 .5.2 .A .. cpy of the II Inv entory Field Nanual for South e r n Bhut an" 
w~s supp~ied to e ach c rew~ containing detailed ins t r uc tions tn 
be· .f ollowed b y the crew lea der for filling up the codified d a ta 
in v a rious field forms. The following paragr aphs out line va~i~us 
important technical details as laid down in t he Manual~ 
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1 .6.1 POINT DESCRIPI' ION .FORM 

A specimen form is -given at page 4. ~ The instructions 
f or filling up various colunms are as follows:-

Col. No. ~f 
No. digi t2. 
1-3 
4-5 
6-7 

8 

3 
2 
2 

1 

2 

.JOB ) 
CARD DES I GN ) 
REPORT NO. ) 

Descrlption 

Leave these' colunms blank 
(to be filled by Data 
Proc ess ::i.ng . ';')ni t) 

SOIL EROSION 
STATUS 

This colum;]. will be filled up 
for all sampf_e points vis-i:ted. 
by ·the c rm·} ia,.( viz • . :which . CO.mel .. 
unde~r:,'point, cIa.ss ificati0!l 4 & ~)) --... . ~ .. -,-~,.. ._" ... , .. ~."" ... 

~> 

Observe: the soil erosion 
status over an area of about 

. 2 ha around the sample point 
and classify as under:-

1 -- .... No erosion 

2 Erosion low. 

The areqS ~hich are in the 
early stages of erosion i.e. 
in which surface erosion 
'exists rill erosion bas started 
and s orne top' soil has been 
lost. 

3 Eros ion moderate _. 

CF-EW LEADER 

The areas in which top soil 
has. been lost a nd gully forma. 
tion has started. 

Erosion severe -

The areas which are badly cut 
'. up wi tti gUllies. land slips 

and slides will also be inclu"!,, 
ded in this categor.r. (The 
Crew Leader should carefully 
distinguish between gullies 
and n atural streams). 

The appropriate code of Crew 
Leader should be entered. 
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The specific instruction _for filling up columns 11 to 
80 are as follows:-

(i) If plot classification (col.11) is 2, col.15 
will be :filled up with the help of photo classifi­
cation and col.47-50 .:w.:;i.;tl 1?e filled up with the 
help of map in the ofF:i:ce. -. - . '" ~ . 

(ii) - If col.11 is having code 3, col.15-16. ,.,iil be filled 
up from photo classification aricr-·so aTs·(Ycol.17-18 
if not already filled up in . the field. Col.47-61 
will be :filled up from "the :map. 

(iii) If' code in CQ1.11 is 4, col.41 (regeneration) will 
not be filled 'up even if it bas actually been 
visited and orily tally Gould not be taken. 

(iv) If code in col.16· is 4, col.19-40 will not be 
filled up. 

(v) If code :tn col.33 is 1, col.32, 34-40 will not be 
filled up. Put (-) in these columns. 

Col. No. of Code 
N f).!. dig its N2...1_ Description 

11 .. POINT CLASSJFICATION: ... Write the appropriate 
.c;ode d~pen'ding upon the " classification given 
a.s under:-

1 Sample point falls outside the survey area. 

2 Sample_point rejected by aerial reconnaissance 
or by the study of map or aerial photographs. 
These are the non:f0rested points. 

3 F~rested or non-f"'rested sample point which 
~oUld nClt be approached due to inaccessibility. 

4 F~rested or non-forested sample point - its 
vicinity visited but tally and other measure­
ments" could not be taken. All columns in PDF 
are "filled up except the regeneration column 
in case of forested sample points . It will 
inc 1 ud, e. visited points where tally couJ.'d not 
be taken .du,'e to sudden fall O.r a..'1y other 
obstruction. 

5 Sample point visited a nd all data collected. 
This includes all visit~d sampl& points whether 
forested or non-f'-orested. "' ... 

6 Sample points lying on gaps for which maps an~ 
photographs are not available. 
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C 01. No. 0 f C od e 
No. digits No. Description 

12 1 

13-14 2 

15 1 

FOREST DIVISION :- Write the code of the 
Forest -Division in which the plot lies. This 
would be one of the following~ 

1 Thimphu 

2 Samchi 

3 Sarbhang 

4 Samdrup Jongkhar 

C.ATCHMENr ;- Write the appropriate code of 
the c,atchment in whicp the sample point lies. 

L_li.ND CLASS :- Consider the present land use 
o:f the area represented by the sample point 
and cl?ssify in one of the appropriate land 
class ,?S giv.en belm.,. The minimum area to be 
re~koned for this purpose, is 2 ha around the 
sample point. 

1 Fores-t land 

2 Cultivation and ,habitation 

3 Alpine pastures and. scrubs 

4 Snow covered land 

5 Barren land 

6 water spreads 

7 other lands 

The :following definitions of the above referred 
classes will help in determining the land 
class of the sample point. 

Forest land - It include s all lands with forest 
caver ,.,hether natural or man made. The follow­
ing categories of lands -also come under this 
class. 

(a) Temporarily understocked or unstocked 
areas e .g4 recently worked forests yet to 
be r estocked. 

(b) Young n a tural regeneration and forest 
ple.ntCitions at any stage of g rowth. 

(c) Bamboo befJring areas either in pure form 
or in mixture with other species. 



Col. No. of Code 
No.. digits No. 

2 

3 
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Des c ripti ot} __ . 

(d) L?nd surface covered wtth degraded 
forests containing stunted or scattered 
tree erowt-n and scrubs. 

(e) Popds passing through forests, forest 
nurseries ?nd o"ther establishments, 
small streams, sm8l1 ~rassy blanks and 
open areas (upto 2 ba) Which consti­
tute an integral par~ of the forest. 

(f') Abandoned shifting cultivation vTith or 
vii thout regrowth of' tree s • Is 01 ated 
tree groups smaller than 2 ha falling 
in habitation and c.ultivFltion areas 
will be excluded. 

Cultiv8tion and habitation - Land primarily 
used for agrlcUlturt:ll purposes including 
horticulture and fallow l ends with or with­
out sca ttered tree growth. Current shift­
ing cultivation will be classified as 
cultivation. Cultivation would 21so 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. 
Area set aside mainly for residential and 
industrial purposes, both for civil and 
defence , e.g. vill8ges, towns, cities, 
factories, defence establishments etc. 
shall be claSSified as habit8tion. 
Habitations will also include air strips 
and roads etc. 

Alpine pastures & scrubs - This includes 
grassy blaru~s in tempera te region above 
3000 m elevation. These mayor may not 
have scattered tree growth ~nd mayor 
may not be surrounded ,by f'orests. In case 
the alpine pastures a r e s urrounded by 
forests and are smaller t h e.n 2 ha in extent, 
the s e should b e cla s s ified ~ s for ests. 
Are as covered by scrub v ege tation in the 
alpine zone will be inc~uded in this category 
(e.g. Dwarl Rhododendrons Rnd straggling 
Ju..'1ipers) • 

Snow c ove red l a nd - Are as above the tree 
line which are more or l e ss covered with 
snow throughout t h e y ear. Areas getting 
seasonal snow cover a r E: not included in 
thi s class. 



Col. No. of 
No. digits 

16 

Code 
No. --

6 

~ '1. 1). ~~ 
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De S. cription 

Barren land - ·Lands covered· with exposed 
rocky oy~rIays, precipit;ous sloPEls and over 
l.1anging cliffs·., ri9.ge tpps etc. where yege­
tation groYl,th is <;lbsent .due to aqverse 
91:i.m~ltig, ,e.daphic on biotiG conditions 'will 
be classified under this category. Norm~ly, 
pr9ductive soil cover is miss~ng from such 
sit~s. 

~r .spreaas - Area of land. covered perma­
nently or seasonally witp water such as 
la~es, reservoirs, tanks & pqnds of more 
thEm 2 ha:i ~vers and. st~eams with a bed of 
:1 00 m or mor~ in" average width shall be 
cl~ssif.i,ed ,.as water spreads. 

Other lands ..; Land not incJuded under any 
c;r-'1:.fie above categories vrill. be classified 
1lllde r this class. ' 

VEGErATION :- This column is to be filled 
up only :Col:' those sample points that h'ave 
been classified as Forest Land under the 
i~nd clci.-s·s c6l\,imn No .15 • Obs d:r'Ve "che gro"rth 
in; th~ locality to an extent; of' 2 ha or more 
aqd class,ify it in one of the following clases:-

,Natural Forest ~ Areas hav'irttj" n"tural yege.­
tf3_tion cover of more than 20% crOvTn density 
used 'primari+y for the purposes of :for~st:ry 
sl}alL be ,put under ~his C1R?S. This will 
i:ncluqe: 

(a) temporarily understocked or Unstocked 
?reas due to clea~ cutting;' regeneration 
felling or burning; 

(b) young na.turcu. reg~neratJon; 

Cc} bamboo be.ar;Lng ar,eas eith9r in pure form 
or mixe9 with other species; and 

(d) roads passing thrcugh forests, forest 
'nurseries, small streams, small open 
areas or grassy blanks (Less than '2 h~) 
¥h~cll constitut.e ;:tn integr8~ part of 
'forest. 

2. Man .made forests ,..; All. plc:U1.t f' tion,!3 prj"marily 
u~ecL :Cpr f.ores~ry pLlrpose~ at Rny stage of 
gnovrth are: .:!.I1cluded i.n thi~ cq.tegory. . 



C Ql~. N9. o:f 
No._ d~gits 

,2 
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Code 
~o. 

3' ,Degra<;led :rore'sts !'- Forest l8nd'b9cUy degraded 
due to hioti<;! influen-ce's such 2S grazing, 
lop-ping". '=l:-ndi.s.c.r:j_fni·I.F'~te· :felling, repeated fire 
etc., sc.a.t·te,r~.p. m,a:,1 .. I<ormed t:.~ees ffi2.y be pre-sent, 

,.:~:r:own ¢l .. 'rrls';i:ty· pr, tr~F ·s,:"s g .. m~:,ally less than 
':.J~?O%~~. {qpt ;p:P '~J?~,- Rl:~id g:tQ~ inE t:c'-" J.s are commonly 

n~t~~9·e.~: S\~~lt '~Qc;l.p~'?~?cur most~.?, nea:::' about -t 
.,hap.1-t~dl1..ort ,snp ~~:rg ~9-S~1-y F.'~C,c.e$~~ 1.0.: •. '" ., Ab andoned 

. 'ISFlrt.'in,~~.~~J.;J..~~,t.:i.9!j ~<!~::th pco~." ~'i.;grm.,t.h may fUSO 
•• ,.::tJe. l~l?:S$.;1.:f)_~,d~: ;:L.1;1J thJ...:5;, :c.~togc.:y'. 
:1f,.r~,J. • t ,,~>lf '" 1. '. -: ;; _.,. ~ ~...:. . 

:··~·1f.':'~~';~ ' ~laHd~"s·crub·;;: - '~:.hl~: · inc] udes areas· having 
, ,j ,n·'most!j."':-s9r'1.lb,.S.,. '.h'1.l$hpls;';~hd sr2;.s~0s aJ_most devoid 

01: .. tre·es' aria. ~6c·cu..~r,;!Jrig fu.ein~:"y 'cn poor sites. 
Sbi:l.. e~'ros.i.(jn~.l'!,l8Y'~qe, present. Poot paths ,and 

·g,r~·:?-ng' tTa~ls EtTC.,.· '¢(jmrnonly noticed. -~his will 
not.~ iriclum~ t)1~; s:G;r1J,bs' .occurring in alpine 
zppe·.' ,?bp~e :3000, m. 'ele.ya,tion. Graz ing l.?nds 

.:helO';·l 3'000 in' aTe 'J~owey~:cr includ.ed under this 
.cate;go'ry • 

1 

FOREST TYPE:- These columns are to be filled 
. .'f:or·"thQse ,sample ,points only that have been 

classi:Cied .as ~r,Forest Land" under the land 
cl:ass category. Observe an area of 2 ha 
around the 'sample :pbint and classify the crop 
into one of th~ ,following types:-

, ... 0"1 Chi.r pine 

02 'Blue 'pine 

03 Fir-Spruce' 
... :l 4a_ -. ~ 

" . . '. \ . :04, Hemlock 
. ...... ii, 

·.()5· Larch 
. 

Q6 

w- ". -II 

l1ixed conifer$ 
! 

"f()$a Con{.:fer,s .miXed 'with broadlsC"v~4 .c;pecies 

.. 09 UI?lC'.nd .hardwoods (bro~dleaved) above 1200 m. 

:l.0, 

'. ·11 

Oaks 

Low land. hardwoods (broadleaved) • 1200 m 
and b~low., 

Sal 

Teak 



C 01. ~iIo. of Code 
No. Eigits No. 

19-31 13 

"1 

2 

3 

4 

5 
6 

7 

8 

9 
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Description 

IT the proportion of a species :kg 5C1foT"()I' more--· 
or the crop } it will form its own f ores t type. 
In.case of mixed conifers, the proportion of 
conifers should. be more,_,thnn 50% of the totru. 
crop . . When the conifer.s and broedleeved 
species occur in .more or less same proportion, 
it would be cl?ssed under conif'ers mixed with 
broadleaved, species type ~ ThG' occurrence of' 
bamboo (including'· percent2.ge in under storey) 
should be noted in the back sid(.;~ of the PDF. 

SPEC IES STOCKING IN FOFEST ~- V1rite the app­
ropriate code of species and pGrcentage code 
in the columns provided for' each. Percentage 
codes are given here l),r!dor. These columns 
should not be filled up if vegetation class 
(col.16) is 4. :~ .'. 

For filling up these~columns, observe the 
forest in C'.t least 2 ba area around the 
sample point in the forest type in which the 
point lies and occUl0rly assess the composi­
tion of tree species p:nc~ent. Columns are 
provided for recording the percentage of 
three species in order of percentage of their 
occurrence starting with the species that 
constitutes the highest percentage of the 
crop. If there are more than three species, 
group the remaining ones under the category 
of "Rest of the species" and give their 
percentage code in col. No .31. No species 
code column is provided for this item. If 
the number of' species is less than three" 
write 11000" in the unused species code 
.olumn and 110" in the percentage column. 
The percentage codes will be as under:-

Less than 2cy. 

2~ to less than 3~ 

3<:% to less than 4<:% 

4<:% to less than 50% 

5<:% to less than 6($ 

6~ to less than 7afo 
?a{o to less than 80% 
80% to less than 9<$ 

9($ 
:0-. 

Equal to or more than 
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Col. ·No. of Code 
No_._ digits ~ Desc r_=U?tioo. 

32 1 

33 1 

In cols. 22, 26, 30 'write code for stocking 
per~entage for species indicated in eols. 
19-21; 23-25; 27-29 respectively. In col. 
No.31 ~ write the stocking percentage code 
for species grouped as "Rest of the Species.1t 

NUI"iBER OF STOREl"S:- Observe the forest around 
the sample point in an area of 2 ha or more 
and find out the vertical distribution of 
heights of trees. Cl?ssify the forest in the 
follo,.;ing cEtegories ficcording to th~ distinct 
layers of forests at different heights-formed 

" by--th-e tree crowns'. 

1, Single storeyed forest:- Where all the trees 
are more or ess of the same height forming 
a single canopy. A small variation of height 
may exist ~n this case. 

2 Two storeyed forest:- \4.here v?riation in heights 
is such V18t the 'crop ShO\IS two distinct 
.anopies at two different heights. 

3 Multistor·oyed. forest:- Where more than 
2. storeys or canopies forming different layer~ 
of crown are distinctly visible. In coniferous 
zones such forests are generally not met with. 

1 

2 

3 

4 

5 
6 , 

... ~ 

]:Jote:. Shrubs should not b e considered as 
separate storey. 

SIZE CLASS: - In. about 2 h a area" around the 
samPle point, observe the most prevalent 
diamete r c lass of the species constituting 
the fo r est type in whltch "the sample point 
falls. Measure the diameters of about 
10 trees repre senting the average size of the 
main specie s a nd clClss1fy the crop as follows:-

Less than 5 em 

5 em to less than 20 em 

20 em to less than 30 em 

30 em to less them 40 em 

40 em to l ess than 50 em 

50 em to le ss than 60 c m 

• 6.0 em to less tha.D 70 cm 



Col. No. of Code 
Nh._. digits No. 
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8 70 em to less than 80 em 

34--35 2 

36-38 3 

39 1 

1 

9 80 em and above 

1 

2 

3 

4 

5 
6 

? 

8 

9 

TOP HEIGHT;- Select a mirli'TIun of three 
dominant trees from th~ top canopy of the 
main species of the forest type in Which 
sample point lies 2nd rrJ82sure their heights. 
Aver?ge 'Out the heig11ts 2nd record to the 
nearest metre. 

TOP DIAL3I"ff:. ~- The dbh (01:') of the trees 
selected for top height measurement shoUld be 
measured 1 averaged pncl re,corded _j;.o_ .~the· _'he8rest 
centimetre. ' 

SPACING:.:.. Measure spacing of ten trees repre­
senting toP . canopy in the vicinity of the 
sample point within the forest type in which 
the point lies and caJ_cula'te the average 
spacing. Record i t, in one of the following 
classes~-

Less than 1-.5 m 

1 .5 to le'ss than 3.,0 m 

3.0 to less than 4.5 m 

4.5 to les s than 6.0 m 

6.0 to less than 7.5 m 

7.5 to less than 9.0 m 

9.0 t o less than 10.5 m 

10.5 to less than 1 2 .0 m 

12 m and above. 

cnoWN D_2:NSIT¥-;--·"The crown density indicates 
the degree of closeness of the tree crowns. 
as the opennesS of the crmTn inere2ses the 
density decreases. EXamine the crown density 
of the crop r epresen ted by the sample point 
and r ecord' one of the following ccdes=-



Col. No. of 
No. digits 

41 

42 1 

1 

Code 
No. 

1 

2 

3 

ll-

5 

1 

2 

3 

4 
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DescriI2t:Lon 

Less than 0 .• 2 (2C% ) 

0.2 (2~) to less than 0.4, (4 q:: ) 

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

0.6 (6afv ) to less thel.D 0.8 (8G~~ ) 

0.8 (80% ) and above. 

r:~,J~N.SFL:'\.TION;- All seedlings and saplings of 
less than 5' cms in dbh (ob) 01 corr.m erc ia1 
tree species ~re to be considered as regene­
ration. Dra\,T a circle of 2 metres radius 
protlnd the sample point 2nd count number of 
seedlings 8nd put the appropriAte code. 

Profuse 15 and more 

.Adequate 8 to less than 15 

Scanty 1 to J.ess than 8 

None Nil 

LEJJi' LITTEr ~ - Select a s::l te near t he plot 
centre which is not dj_stt. rbed by the crew 
during i ts 'work . Dig a pit of 30 cm or 
more at this site for collection of soil data. 

The undecompo~ed leaves I needles & twigs on 
the forest floor are known a s leaf litter. 
MeCisure the thickness 6f leaf litter and 
record one of the codes given belm{:-

1 Leaf litter absent 

2 Less than 2 em 

3 2 to l ess tha n 5 cm 

4 5 em or lliore 

HUMUS: - Humus is the deccEm osed leaf litter 
or organic 1TI8tter forming t h e top horizon 
of the soil. In C8se l e81' litter is p resent , 
remo"l7 e the same after recording its measure­
ment 8nd dig the soil slie htly to measure 
the depth of humus. Care should be taken 
to differenti2.te humus from dark coloured 
minera.l soil rnd l ,eaf litter . Depending 
upon the thickness of humus ~ the codes will 
be as follows:-





Col. No. of 
No. .9dg~ts 

46 

4 ;,.~ ::. ;; 

L:L ~¢;"* ;' 

1 

Code'··' 
No. -

m,fabov'e msl 
~ 

m l~bove msl 

m !~bove msl , 

m a.bove msl 
:t 

m 'above 'msl 
~ 

In above ,msI 
t,. 
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Col. No. of Code 
No~ digits No. Description 

48-49 2 

... 

01 

02 

03 

04. ;. 

05~' 

06. 

o~ 

08. 

09< 

10,' i 

11. 

12 .. 
, 
13 . 

stOPE : -' I"Ieasure I the .s10;,.~ ':'" ill c>·~ [!;rees with 
ah angle mea~uring instrument uphill and 
downhill ever .as long a stretch as possible. 
ta~e the a'l.7era.ge of the two Elopes c=md record 
as pe~ the codqs given again3t each range ¢f 
slope. :, Also cross checl:\. with the slope .as 
e.alculated from the map. 

,... to le~s than 5° 

'5° to less than 10° 

~10o to less than 2.0° 

20° to less than 30° 

~ ° ° :30 -, to l.ess than 40 .' 

400 ·to- less than 45° 

45° 
,-00 

~~o 

o(l~ 
,.~ 

' f) 65.··· 

7009 

~ 5° 

to less than 50°, 

to less than 55'? 

tp l-€ss than 60° 

te le~s than 65° 
T<" 

to less than ~Oo 

to less than 7'5° 

and over 

ASPECT ~ - Hefers to the gen~ :r'1J direction of 
the Slope in which the sample point falls. 
For ·this purpose, study prorninent features 
on the map and dete rmine the gen e ral direc­
tion of the s lope. Determjne the aspect 
with the help 01 cm::p2ss kcc ping in view the 
g-eneral direction of tIl e S :::"' ~'.f:.JC .J. s studied 
on the map_ Aspect should be r8c;)rded as 
p e r the following codes~ -

North 

2. North;- East 

:3 East 

4 South-East 



Col. No. of' 
No. digits 

51 

5'2 

Code 
No. 

5 

6 

7 

8 

9 

"1 

:2 

3 
4 

5' 
6 

? 

8 
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DescriptioI]._ 

South 

South-West 

west 

North-West 

None 

ACC~SIBILITY:- In simplest terms 9 acces­
sibility refers to the approachAbility of' 
the samp1e point from a motor road, mule 
path (minimum 2 m width) or a flo c_table 
river/stream "'lithin the same drainage in 
which the point falls. Heasure the hori­
zontal distance of the sample point from 
the nearest motorable road, mule path or 
river on the map and record one o f the 
following codes in column Nos. 51, 52 & 53. 

Less than 1 km 

1 to less than 3 km 

3 to less than ? km 

5 to less than 7 km 

'( to 'less than 10 km 

10 to less t h an 15 lcm 

15 km and above 

Not appl ic able 

DIST ANC Z TO p..o.AD : - Ho-r-i 7, 1''1"1', ... :::> l_ dis t c'lnC e t!l 
the nearest motorabl ::. road P Oill:'" should be 
measured on the msp sheet ('-.nd appropriate 
code a s above should be recor ded. 

DISTANCE TO MULE PATH:- Mp~ ...>J.re the horizon­
tal distance to the n::-~- ~ ;;.. ~ mule path, 
bridle path or foot pClth \,rith a. minimum 
width of 2 m and record the appropriate 
distance code g iven above. A description 
of mule/bridle path e tc. indic? ting places 
c onnected pnd distance thereof should be 
r e corded at the back of the PLF. 



Col. 
No. 

53 ' 

54-58 

59-61 

No. of Code 
digit: No. 

1 

5 

3 
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Description 
- .:." 

D IST AHC E TO RIV EnL§TRE .. \J.1: .,. He asure the 
horiz.ontal distance to ·the nearest peren­
nial river~tream which are marked in blue 
on the maps and record appropriate code. 
In hardwood forests, code · No.8 (" Not appli­
cablell ) should be filled up. 

no AD DIsrANCE TO l'-i..AHK& 01JTLZI':- The actual 
dIstance between the-r1earest road point frern 
the eluster centre and the predetermined 
market outlet will be recorded in these 
eolumns. In the first two columns (~-55), 
the truckable kacha road distance will be 
rec orded in codes. In the next three ..... 
colwnns t56-58), the pacca r02d distance 
between the nearest road point from the 
ciuster centre and the market outlet will be 
reeorded in krn. 

Note: Col,_?l+-55 (Kacha road distance): 
"Crew ' Leader will not fill up these cols. 
but will write the actual distance on the 
back of ·PDF. Nearest road. point should be 
taken on the road in the catchment in whieh 
the eluster ~ias. The distance will be 
rounded off into"1 0 kin classe5; e.g .. 15 will 
be 1~ and 16 will be 20. Then the last 
dig:i..t will be st_ruck off and the remaining 
two digi,ts entered in. this coluInn. Thus 
entries will be recorded as under: 

- . .. "- - ' -.-
Distance in Km _ - -'~":&1try to be recorded 

15 - -_._._ . . - . 01 ,. 
~ 

83 08 

126 13 

RIVE[:. DIST AI.JcE 'rOo · ~'l.ARKIIT OUTLEr:- The river 
distance betw~~ the nea res t floatable 
point from tbe sample point and the market 
cutlet wi~l be measured on t h e map and 
recorded in kIn. This information shall be 
filled up in the office . In c ase o f hard­
w~d forests (i.e~ col.17-18) having code 
9-13) put f-) in this column. 



eel. No. of 
No. digits 

62 1 

63 

64-65 ~ 

66 "1 

6.,_~4 8 

75'-.8 4 
" 

'9-80 2 

Code 
No_._ 

1 

2 

3 

1 

2 

3 
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Descrintion 

GRAZING INC IDENC E : - Observe an area bf about 
2 ha around the sample point to find out 
whether the area. has been subj ected to graz­
ing by domestic cattle including Yak. The 
following codes should be given depending on 
the intensity of grazing; 

Grazing absent 

Moderately grazed 

Heavily JiFrazed 

FTIlE, IN0'I-DENCE:- J:.lake a general observation 
of the, area to detect signs of fire incidence 
e.g. firescars on trees? burnt stumps etc. 
Classify in, the Jollowing codes; 

. 
No fire incidence .. 
Area.,subjected to occasional fires 

Area suoj ected ,to frequent fires 

MAP SHEEr NO. Give appropriate code of map 
.!!heetFWhICh sample point falls. 

POINT NO. write. the point number for which 
data is beLrtg c~llected, 

C LU ST EF'_ C ENI'RE GRID REF E!:' El':C E :1 CC GR) 
Write the C.e.G.R. of the samp e point. 

CLUSTER NO. Give the serial number of the 
sample point . - 'j 

'I'_"J.li.;r ._ 

INVEN'l'OFY'lJESIGN: Leave the column blank 
,to be f;Llled up by Data Processing Unit. 
t-IILD L]FE£c, Th\;?'i' Crew Lead~r should record a 
general note on the wildlife s e en and pug 
marks noticed while cruiSing the forest areas 
during their survey worl'>:. Th e y should record 
this information on the back of the PDF of 
each sample cluster under the following 
eategories:-
(i) ~ildlife absent (ii) Wi ldlife present 

Under category no.(ii) furtber details regard­
ing the broad class (cornivora, herbivora, 

.... ':'" birds, reptiles and othe r categories), name 
.... ~f , the species, number see n, pug--marks etc. 
, may be g iven. Local enquiries can also be 
--'.~ to ~,ollect informa tion aoout wildlife. 
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1 .7.1 

A spe~imen form (BHI-2 and BHI-3) is given at pages 
21 and 22. The instructions for filling up this form are given 
belew:-

1.7.2 The tally sheet is required to be filled in only when 
the point classifi~ation is 5 and land class is Forest and 
Vegetation class is 1-4 (natural forests, man made forests and 
degraded forests and low la.nd scrubs) • 

.... • 7.3 Tally sheet is us ed to record the data of all the 'IN' 
trees which have been tallied i'li th BAF-2-. H01.vever? for '166 
clusters BAF-1 was used instead of BAF-2. 

1.7.4 .The BHI_2 will be used for recording the data of all 
live tree~ tallied 'IN' whereas the data for dead trees tallied 
'IN' will be recorded on BHI-3. The format of both the forms is 
same. 

1.7.5 Data Collection;- Tally should be taken by standing at 
the sample point by Relascope held over the peg using BAF-~ 
(BAF-1 for ~66 clusters) starting from North and moving in 
clockwise direetion in a full circle. 

1.7.6 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 cm dbh (ob) should be ignored. However, 
the dead trees :should be ta.llied and blaz ed. No serial number 
~heuld~be given to the dead trees. 

1.7,1 The species of tallied dead trees should be identified 
and diameters rec()rded separately on BHI-3. Identificatiol'\ ~f 
dead coniferou. trees should not pose much problem. However; 
in ease of br,ad leaved species, the tree s may be classified as 
miseell~neous if I~rreet identification is not possible. 

" 1.1.8 While taking tally with Relascope, if there arc any 
maTginal tree s, the diame ter of the tree and its horiz onta~ 
distanee from the ,entre of the tree to the sample point peg 
should be measured in f)rder to ascertain whether the tree is 
'IN' or tOUTle The tree should be taken 'IN' onLY if th~ 
measured distance is equal to or less than the plot radius 
against the measured diameter. 

1.1.9 Diameter Measurement:- The dbh (ob) should be measured 
with calliper for all 'IN' trees. ~{O diameter measurements 
5hould be taken first tawards the sample point and second 
p e rpendieular to first to the nearest centimetre. (Round off 
0.5 cm t~ nearest even number e.g. 11.5 will be 12 and 10.5 
will be '10). 



'(i) 

(ii) 

(iii) 

(iv) 

(~) 

(vi) 

(vii) 

(viii ) 
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In 'hllly areas the bh point (1.37 m) from the 
ground level should be reckoned fron the uphill 
side. . ," 

In case there is a"bnormali ty lilce s1J.Jelling or 
hollowness etc. at the bh point another point 
for measurement either littl e above or little 
below the actual breast height point snoLud be 
·taken. 

i 

In case a -tree is forking below or at the bh '. .' 
point , each stem originating from the point e;f.'. 
forking wi'l:l-. oe consi~·ered as a separate tree and 
each will be :tpea:sure~ s eparetely for diameter~ 
if' ooth s t 'ems . are tall ied I I N r • 

If the forki.ng i~ just above t·he bh-.point and 
the breast ·heigh (, shO'.vs some abnormality: o.n a.Cc.ount 
of the effects of forking, the diameter should be 
measured at a point. below t h e bh pOint. 

1.-Jhile taking bh d·iameter meas urements ~ the arms 'of 
the calliper should be k~pt p erpendicu.lar 'to the 
axis of the tree. '"While neasuring the diameter 
of the tree tm'lards the sample point', the longer . ., 
arm of the calliper should be pointing to\orards the 
sample point, whereas ",hile "'aeasur=-ng t he diame~eF 
in the direction perpendicu];p r to the sample poi:it.t~ 
the ,lone'er arm of the calliper sho1.l2.d be pointing 

:-in the · direction C'l t ri,gbt .angle to t~1.E! direction 
of the sampie point. '" 

~ ~ 

1>lhen due to the large di<?mr;ter of' the tree it is 
not possible to measure. the diameter with the _ 
callipe r, then measure the girth in cent'imetre .. a nd 
multiply by 0.318 to get the diame-te r in centimetre •.. 
If the girth is 1 5'0 em then diameter will b e 
150 x 0.318 = '47.7 or 48 e m. T''1 i s value should be 
recorded in both the dia- measl'rement columns. 

If'" the two diamete rs differ from e a ch ot he r by 
more than 5'~., gi\le reasons for v~.ri2.:tion. The 
per~entage vrill be calculated -.ri th 'respect to ~ower 
diameter measurement. 

In case of tallied trees diameter measurements of 
which is not possible for one r e ason or another, 
th e measurements s hould be recorded by ocular 
estimate giving r easons in a foot note. 
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1 .7.10 The foll~wing coding format should be followed for 
filling up .data on both forms of tally sheet. 

Col. No. of Code 
. No .. digi.ts No. Descri12tion 

1-3 3 . .Tob No. (Leave it . blank to be filled up 
",y Data Processing;_ Unit) . 

4-5 2 Card Design (-do- ) 

6-7 2 Report No. e -do-) 

8. 1 Sub Report No. (-do.., ) 

9-11 3 Species code 

12-14- 3 Diame ter 1 i n cm ( towards P.c . ) 
15-17 3 Diameter 2 i n em (at right a ngle to d i a 

18-20 3 S p ecies Code 

21-23 3 Diameter 1 in em 

24--26 3 Diameter 2 in em 

27-29 3 Species cOr"G 

30-32 3 Diameter 1 in em 

33-35 3 Diometer 2 i n em 

36-38 3 Speci es code 

39-41 3 Di a meter 1 in. em 

4-2-44 3 Dia meter ,.., 
i n cm c:... 

45-47 3 Species code 

4 8-50 3 Diamete r 1 in em 

51-53 3 Diameter 2 in cm 

54- 56 3 Species code 

57- 59 3 Diameter 1 in em 

60- 62 3 Diamet e r 2 in em 

64 ... 65 2 Total No . of trees i n the taU.y. 

66 1 Sample Po int Number . 

1 ) 



SAMPLE TREE FORM 

Job 
Card 

Design. 

'-3 4-5 

" Name of C. L. 
-"): 

Spe-ciea name 
(Local or botanical 

name) 

R e p . 
No. 

6-7 

.; 
Z 

~ 
" <.fl 

~ 
op RE I NVESTM ENT SU RVEV 

OF 
FOREST RESOURCES 

Sub R e p. 
No. 

8 

~ 
-0 
0 
u ~ 

u 
~ c 
~ " "2 c .§ 
(l, 

0 if. Cl 

(BHUTAN) 

D.B.H.(OB) 
',in ems) 

U 
0.: .. 
." :. 
~ 

~ 

Forest Total No. 
Type of tree&: 

62-63 64-65 

Date of Survey: 

Height 
(in Mt, ) 

I 
I " 

S. p , 
No. 

66 

PHASE IV-BHI-4 

Cluster ce ntre 
Cluster No. Inv entory 

Grid Re[ D esign 

67-74 75-78 79-80 

I l 
Radial increment and B.T. at B.H. 

Towards P. C . 
(in m.m.) 

E : -.. 
<.I " ...s~ 
_0 

"'" ;.0 .... 
c:!j 

'" '" " C 
-'" u 

~ 
~ .. 
al 

Opposite p_C, 
(in m .m, ) 

S ~ E 1: 
... '" - '" <) " 

U " c ... -= ... =0 _ 0 
00- ",N 

.:.o't2 I 
.:0-

a!j a!.3 I 
37-39 1 

J 1 ~ 
--------'-----'.--.---. - "~-l----I----I·--··-- - - --_----

32-34 35-36 40-42 1 __________ 1._9-_1_0 _'_'._-'_31' _14_
1
_1_5_-_'_7_

1 
__ 18_-_2_°_ 21-22,23-24 25 26 27-28 _2_9_-_3_'_1 ____ 1 

1------li~-- ·- ~i~ 1=- ~-I--:---
I I 

----- --1----1 - --------- --- -- I----- ---1---1 

---11--- !-I ----1-1- - ---1:-1 

____ -=-1-1-1

--.-----------'I--=I=~-I=I 

------------ _ 
I ----- I I 

--:-1-1'-1--
1

- _f_ 1-1'--
1-------------1___ ----_1- -- --- 1---

t 

':C r' I---__ ~ ___ ---' __ _ :=-_,==~~='-_ =FI-__ ._---_I 

-r-----,____ --.. --,--1--- 1
1_1 

I ___ I~=~_:_ -~ -~=~-I-- ------ --- I----~.c.-- 1 ___ 1 ___ : 

___ I --'---- --11--1---1---1 

I---I---I--_I ___ --I--__ I, ___ ----I---~: 
--- -- - - - --1---1---1·-- __.. ------,-, 

1-1-1~1_l-=_I:-_-_-=-~~ ____ ._ 



Col. No. of 
No. digits 

f.,7--~4 8 

75-';4-8 4 

Code 
.Mo. 
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Desc ription 

Cluster Centre Grid Reference. 

Cluster No. 

79-80 2 Inventocy. Design (leave -:__ t l-1_Jln _k +.0 be 
filled up by Data Processin~ U::U.~) 

Note: - Ii' there is no tally, fill 'J.}J c:::: _y column 
No.64 to 78 of BHI-2 and. BH:.··3 ~ ~n such 
cases vlrite 110011 in the col·"', 64--65. 

1.8.1 SAHPLE TREE FOHM 

A specimen form is given at page No.26 . Instruc-'~i(,~s 
for filling up this form are given belcv.". 

-1.8.2 The sample tree form is to be filled up for all 
sanple points whose point classification :"s 5' and land 
is Forest and vegetation class is 1-~- (natura.l forests ~ 
forests and degraded forests and low J_and scrubs).. 

,he 
:lass 
man made 

1.8.3 After taking the tally \·~th BJ..F-2 (talJ_y 0:f live trees 
recorded an BHI-2), .alternative 'live tree s v;i~h r;c'.d serial No. 
(i. e. Bl. .nos. 01, 03 1 05 etc.) should be sele~·;::..~ -l ~s sample trees. 
The tru.ly .or dead trees recorded on BHI'-3 shou]_-l ' 9 ignored 
wh}ie s~le~ting ~he sample trees. Samp::;'_e -cree. (.:a::u.s should be 
fixed on-all sattJp~e trees and a serial n-wnb[~ r g:·.~-en '::0 each of 
t'pe 'sample trees so sel?9.ted~ . ;Thus, :tree No. 0-; ;n tall y sheet 
of iive trees will be sample ~reG No.01, tree Ne rO] "lill b e 
'.s~mple tree No.02, tree, :No,.05 :nll b e sample tre€ l'b . 0 3 a nd se on. 

,"\ .. 8.4 In case there is no tally and .ccn8eq_··~':LTGJ_v -there is no 
sample tree (e.g. inA sczybs" and degraded fprests .. -.- ·~hould be 
written in Col.No.64-65. 

.. 
1 .8.5 The data about e f-lch sample tree' .should be .re corde d op the 
sample tree card (fixed t.o t~e'e) ,by -the Assistant CrCvT Leader. 
It is necessary for the Crew Le ader to che ck the corr~ctness of 
the details filled in the sample t ree card by AS 8~:_.c;~ant Crevl 
L~a&ler 1.?EtfoT-~ the datc:_ is transferred on to the; ~ ample tree form. 

1.8.6 .The following' instr~ct.:Lons should .bF'J c,?-re:fully f ollO'vled 
f .cr 'filling up data -pertaining t o 7~.r-i "" ~ i +: "'~J'" ..; ._ . . _~.J ""\) t"l'6C 
form:-



Col. No. of 
·)No. digits. 

11-1;3 3 -, 

J:.. 

__, 14 1; 

1 

• 2 

3 

4 

5'+ 

~ 

00l'HNANCE: Glassify tbE!, ~~~e , ~nt~ one o~ the 
following 91El,s$].s aDd WTl:£e tl'ie app,.r;6prlate 
code f' b,r, _ it, • ' ~_""J " I '0 .. ; ... ... 

Dominant 

Dominated 

E>uppresseo. 
, .... 

Tree o( Und~~stQr~y 
~ l. 

.... J "! f.tt,.,." ". .t: .-
'jJ.'t ")- 1-

c. • 

• 

• • • 
,.~. foil ... 

~_.;.6 , ,Ahnqrroal ~ tt:'~~ ~, ... 
'. 3", ,. 01 0;:.. J '_ " _ 1." ,J.: -. J,':-J. '- .. • r 

,r ',,:~ ,::: , -';' The '~f'61i0w:fngi d~:fi:riiti.6ns1"1"will ~ n~lp i ;n -~ 
.", _~'J _,~~tertnihi.:pg the' dQm=1l)ariye;cl'asse~'! :".l ~ .!. 

o 

'10 e2..; · r' c ~ , 

.' - '('J,_ ' ~ >.J , _._ , " r~ , 'J , '_ • , .. l',.-,..J.. ..... .J: 1 8...l~-"J,-' ,- ~ L1J 

~. ..,: n:ll.rI:NAN'r : ~T;¥~~ i~ ~Bb~T.whi:th!: ,f'6±m'S th~ '\ipper 
~ . ~-, ~?i1~ ~qp-8J?Y{tm~j:~r9s~ .. '1b:£~~~.~gf,~f}<?ot, .ig PI~re ..... or r .. J • .-es S ' .l. r:e""-~ , . ". , ." ... ~-. , ~ ... ~. . .. 

" "'.' "'<I> ', " .• ;<"Y ,z;·,.j. ... "<·;f, .... t ~J:fP J- ' :u.~ ~~t!";·,t't ~ 

DOHINAT ill ~ Tree is one \-rhich does nt>t/' f:brm 
part ,of the .. \lBP~r mosf r-;~d~:l, '.3td~ the _ ~~ading 
shoot 0:( WhlCh lS not 'def:rnl:tely' over £opped 
by tbe neighbouring t r ee s c¢d its c:rowni~ 
not fUlly free. Its h e ight is' usually' about 
3/4 of' ~he dominant tree. .. ~ 

SUPPRESSED: Tr:-ee is one 'whos e l eading;"shoot 
TS definitely over toppc.b.. -... :- '·''n~i_g:nbours . 
Height of such tre e is u s:Ually ~bout 5/8th 
of t h e dominant t rees. Such trees usually 
suffer from $low growth due t o suppression. 

'''-. 



Col. No.. of' Code 
No~ digits No. 

15-17 

18-20 

21-22 

23-24 

3 

3' 

2 

2 
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Description 

'T'REE OF UI\J1)ER STOr.EY is one which is a 
part of the understorey. , 

SOLIT MY tree is one which is sta.nding 
alone in a bl"ank .. 

ABNOBHAL TREE includes Ivol:f trees ~ trees 
of abnormal form and top broken trees. 

Diameter 1 in em 

Diamete r 2 in em 

Neasure r_with call:i.per ,t\V'o diameters over 
bark at breast height (at a point 1.37 m 
above tl1e base of the tree frora the up­
hill side ) to the neares t centimetre. 

(a) Dia.1 

(b) Dig,.2 

Towards the point centre. 

Perpendia~lar to dia 1 • 

R ound off 0 .5 em to the neares t oven number 
and record it in tbe :form. Example: 08.5 cm 
i s to be written as 08 cm a nd 09 .5 crn is 
to be written as 10 cm . 

Note:- While measuring the diameter observe 
the-prec autions lis t ed under 'diameter 
measurement ' (Ta:ly sheet). 

Tot.al Height ;- Neas\}_r e .the he i ght of the 
tree f:r:om 'the base to t;he top :VIi tn Hy-ps 0-
riieter to the nearest metre. 0 .5 shou:).d be 
rounded off to the nearest even number. 

ct-EAR BOLE : Heas1"J_re the height along the 
stem of the tree from the {,as e on the up­
hill s ide to t~1e beginning of the regular 
crown or ,,,,here the mai n stem bifurcates 
with Hypsometer to the neare st metre. 
( Round off 0.5 c m to the nea rest even 
number) and r ecord the data in two digits 
i n the column heade d 'Clear bole ' . 



. Co] .• No. of 
'digi·:ts 

.._ _, ,'-

2·5 ... ) ~j :1 I 
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Cgde.r ;," t ~o.),j-± ;fm~ (; 00m;;.d . 
No. '). (\t"'J _.:) m.scQ:'±J2t~ 

~ ( i -.i" 

Beginnlng of reeu' q_r .::rown in conii'ers is the 
pq.:i,rrt ·v '"f:h9 r (j!. :l5:{@ :f:t1]st comple+,e live "Thorl of 

. branches starts. "Por broad leaved species 
.. thil?~1PO-~1]~.3l1f.-.Y·:ibS: :i\::cognised as the place from 
wher-e the firs:; TllDjor J_i'_Te blanch -Cakes off 
or: f'x.pIJ): whe~ t:ha_'1".!tlin st.C;'P_ :fo!'l~ .• "" In 'case 

,of tpees, -wh;i.-oh t:o:~k below t:·w hh; ~and • ~re. 
I t .r'ea.-t_ed f3.B. s~pctratcl trees-rtl.1e !C:-lear bole-
~. shoUld b:e ·!1!ep.s-ur.ed f'rom the ~.)oir:t of forking 

to the first; live. whorl (1'0:' conifers) or 
,..,!.ir.~tr,ld:v·e~=-blrab~l:;r'f5~or broad leaved). 

~. _. . 

'" '. :~ .. ~{~;·.bEE·:&;T§_l'JATUR~J~:~ B'noeT this category all 
(~,_ , ,~ 'tnose' abnorrnali ti'es ,'are included whicb are 

, ,.. ve:cy,L.friat~r.8.l. an;t 'normal for the tFee e;'g ~..: 
G •. :', ,.f" ;[.' . , :' • ~l{r19~~~~!I:""¢.?;~J.ii~-=-D"()rma-'t-ion, twisted or spiral 

-'5?;!:,~~ {~::i' ,,.,. _f. ,.'-'-' ,,*'}€p:a?.n.~~;t.C-~,rf::~~Jl~,j~the stem of the tree and 
cd r'-I---tfQ' [~,' , ' :.1. ~ , .{ :'.:.,,~ ~ ::rSla,;:;_SrL~ 8js;'J f~~tiha.J,. Defects' and write 

'T rir"< ' , .< re .-•. J F·-the coda . , .~ , 
• .- 'J ___ '- . ., ,~"". 1:" ~, .~':!.:.~ _ _ . . ..:....::..r· ."..;,.. =-i--F' -r '.-:, S ~s: _ ~~ 

9r-:j "'110 [,~ ·'l~.~~,tQr("f~;t C'6mn xeTh s~~~Jrktf~~j>;-'; f'ree of' natural doeNets. -- ~ . '- . ~ -.., H 'j "'''cr ' ~ . ..t" i~~rr1f: " '~. I • i.t ., \. .... . aB . 
. "Yr ~r-r ~ _-. ''''' ("':!.f?, ,ll(l ~ll- 11 J..t. ~I~ .--..: ~ , ,' . • _ ... r~ ,_. 

-'1~ .~ ._- ,'j' l:c' 2-C'l
N Dne' thlTcf·:r t':J{' .L'ie.£:t~t). has natural aefec;tiJ fB.Ll "l- ' " , ,~ ..... , '-. . (!' 1' ,.t"'.!:Ilf}:J. Pb _ ,[!g.", ~~ 

8,,-:,'1.,<Y' ,- " '1 ' 1 ~_:j>' :.... , .~ ' ...... . _ ~"_ ,~_(',- . : i f __ .. ' 

8 ','f rfi'~ :" "lTrg,:{ ·-TWo' .. thlrCi 'stem l~w,th has natural def'ects. ~;-:'j ~: ~"O ']8'£I:'.£.t.',,..., . 0/- t -Co J i-o...::il.~ '!;1. '._J , .L ·le''; 'r ..., ..... _,'~' , .. 
.... ~~ '-E~_;;' ,~i . .0 . 4£ F'}llI:'s~~m ;Leroth l1~s~natural defects. 

1 

) .4 

,"'irj'h p~.f ", .~'tI j., . f.1 '-, I .... ) .. ~ _) . 

DEFECTS OTHERS: This incluies damage caused to 
the tree ,stem by. pathological

t 
entomological? 

c'1irnatlc 'or biotic 'factors. Damage by these 
- agencies may -re_sul t i'p loss of cell ulos e 

.,. -1. material a nd weakening of the strength proper­
ties of' the timber~ These include borer 
~ttack 7 ,_ i'j.,mgai ~ttack, fire damage, :1h~ollowhess , 
$pow and. wj,pd damage etc. Elcamine ... the. st"ern ' 
and _ 9la~s~i'y' ~s unde r on t he basi s of the 

• extent of :defects caused by "External Agencies" 
and 1'lri ~ e tbe. ,code. ~ 

1 Complete ste'm .frE?e of any defect. 

2 One-third ,of stem l e ]\.g.t:t-J has defect~ .• 

3 1 TvTO·.thi:rd 61:' st'e m .1J:iIJ~th has defects. 
"4 

Full stem l e.ngth ha~ defects. 
{.' -

BARK THiCKNESS: TOWARDS' P .C. Blaze the tree~and 
remov e, th~ bar}c making a neat cut at' the b .reast 
h e i g ht point ya9ing. rr.fE~ sample point where....:the 
shorter arm or the -calliper touches the stem, 
while taking ·the ·dialJ1~ter measurement for 
lIDiameter-.;1." Measur.e t h e bark thickness with 
a scale ,to t h e near:~s.t mm and record in this <"olumn. . 



Col. No. of 
No, digits 

35-56 

37-39 3 

40-42 3 

Code 
No. 
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Note: 
(1) Whenever more than 25% difference is found 

between the reading taken tmvards the P.C. 
and opposite to P.C. the Cre,·, Leader will 
verify the measurement in the field and 
give an explanatory note at the back of' the 
form. The percentage wilJ_ be calculated 
wi th regard to lo'ltrer (bark thickness.) 
measurement .. 

(2) Whene-ver the bark thickness and increment· 
measurement are not posSi1)le on both the 
sides i.e. towards and opposite to P.C. 
wri. te ' 00' for bark thiclGless 8.nd 1000' for 
~ncrement. If it is nos~~ble to take 
measurement in one side leave the other side 
blank and give reason at the b<?cl~ of the 
form. 

RADIAL INCRillillNTS TOWARDS .P <C .. 

Last 10 years. 

La.st 20 years. 

Collect a core ,-lith the incre i::>1ent borer at the 
breast heigi;t poj_nt from t:le :_""'ioint facing 
towards poir~t centro. C01,...nt. T. ,0 number of annu.aJ_ 
rings from the p er:i_pher:;'" tC8n.~-J.s -the pith wi.'th 
the help of magr...ii,';,-ing gla.s OJ ar. ..... ceasure the 
increment in milb_T.1etE':.:'s for ocr:..} last 10 years 
and last 20 years . z 

Note: 
(1) For counting the annual rings apply . 

fluoroglusine 0:::' '\~a~e:: on ,':':- 8 core bef'·ore 
c01.ITlting. This will make t.~:8 ring s distinct. 

(2) Use'a transparent scale for ~e~suf.ing 
. the inc rement .. 

~ BARK THICKNESS OPPOSITE TO ? oC Measure the 
bark thickness at breast r_t£;_er;-i- cpposi ta to 
the point centre in the s&.r:~ . ~".y as done above 
and record. 

R.ADIAL INCREMENI'S OPPOSITE TO P ,C . 

last 10 years 

Last 20 years 

Measure the increments opposite to the point ' 
eentre in the same manner as done e arlier 
under col.29-31 and 32-34. 



C4l. No. of 
N.~ digits Descriotion 

43-6.1 

62-63 

64-65 

66 

67-74 

75-78 

79-80 

2 

2 

1 

STOCK MAPPING 

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. of 
trees recorded in Sample Tree Form . 

... 
Sample point No . : Writ-e' the serial number 
of the sample point in ~he cluster. 

Cluster centre Grid Reference: Write the 
C.C.G.R. as written in the same columns 
of PDF. 

Cluster No. : Write the Cluster No. as written 
in the same columns of PDF. 

InventorY Design: Leave it blank. 
To be filled up by Data Processing Unit. 

The Inventory Crews were provided wi t h aerial phot ographs 
.f 1:30,000 scale for the location of sample points. These ph~t.­
graphs ~ere used for the field photointerpretat ion work and stock 
mapping on 1:50,000 scale map traces. Al~ the h ill slopes that 
were visible and the area traversed during field work were stock 
mapped en map traces. These stock maps .. lere used for checkirig 
and verification of photointerpretation. 

1.9.2 The instructions.contained in the Field I nventory Manual, 
rer at.ck mapping are reproduced below:-

. _ . ,:r' .... 

I1Bef.re leaving the camp f~r work, the Crew Leader o_ 
I!Ihsuld thoroughly study the area t o be traversed on to 
map shee t and photographs. The photogr a phs will be 
studied under the pocket stereos cope ahd different 
l and clas ses and f orest type s obs e rved on the ground 
will be transferre d on t o t he photogra ph and map trace. 
The f~llewing classifica tion a nd s ymhols will b e used 
for the purpos e :-

Sl.N •• 
1 

2 

3 
4 
5 
6 

A - NON FORESTED LAND 

Land class Symbol 

cultivation and ) 
habitation A 1 ) 

Alpine pasture s ~ 
and scrubs A 2 ) 
Snow covered land A 3 ) 
Bar ren land A 4 ) 
water spreads A 5 ) 

Other lands A 6 ) 

Remarks 

The definition of vari~us 
items lis ted under land 
class in Col.15 of P.D .F. 
holds good for st ock mapping 
also. 
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B - FOREST LAND 

Sl.No. Land class Symbol Remarks 

1 Chir pine F 1 ) 

2 Blue pine F 2 ) 
) 

3 Fir-Spruce F 3 ) 

4 Hemlock F 4 ) 
) 

5' Larch F 5 ) 

6 Juniper F 6 ) Desciption of 
) 

7 Mixed Coni fers F 7 ) F' rest types given 
under Col.17-18 

8 conifers mixed with 
) under forest lana 

brnad leaved species F 8 
) under col.16 of PDF ) 

9 Upland hardwoods F 
: 0 ~ 

should be followed 
for stock. m",!-pping 

10 Oaks F ! ) also. 

11 L .... w land hardwoods F 11 ) 

12 sal F 12 ) 
) 

13 Degraded forests F 13 ) 

14 Scrubs F 14) 
) 

15 Teak F 15) 

PROCEDURE: Observe the area which i s clearly visible and. 
identify the various land uses and their extent. Also study 
the same area-~n the aerial photographs under a pocket stereo­
scope. When the stereovision is clear, demarcate the various. 
land classes on the photographs by comparing '-lith the obs erved 
ground details. 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. 

Texture and shape of the crowns e tc. on photographs will 
provide good indication of the various species types. \<lith the 
help of observations made on ground and the aeria l phct .... graphs, 
it would be easy to delineate the various land classes and 
forest types on map trace with fairly good accuracy. 

Since the phot.graphs are of 1956 r")r i gin, there may be 
some areas where the f .... r ests have been subsequently c leared f~r 
cultivation etc. In s uch cases t he details seen on the ground 
will not fully tally with detail~ available on the phot~graphs. 
Therefore, the Crew Leaders are advised to keep this in mind 
and giv e due importance t o details observed on the ground at the 
time of traversing. 
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SOIL EROSION: The Crew Leaders will show 'iCri tical" or 
"Sore rr · points on the -tracings proviged for stock mapping. 

Field interpretation and stock mapping ,-rill be 
carried out -

(i) to serve as a ground check for main photo­
interpretation ",ork carried out in the office; 

(ii) to help the crew leader to get good practice 
in the study of aerial photographs. 
r-

On return to the headquarters, the crew leaders should 
prepare a consolidated stock map of the entire area surveyed 
,by them and hand over to office," 
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CHAPTER - II 

VOLu"'l-ffi AND CULL STT..'DIES 

2.1.1 No separate fellings ",erg carried out for .d.etermining 
volume and Cull factors for this report because ~ost of the 
species occurring in this area are common to those found in 
Phase II & III. Trees of important species in different 
diameter classes spread over Phase II & III as well over this 
(Phase IV) area, were felled for '\:lorking out Volume and Cull 
Factors for Phase II & III. The same data was made use of 
for this report. 

2.1.2 The methodology adopted has been described in 
Chapter-II ("Volume and Cull studies") - Volume II, of 
second (Phase II & III) report at page Nos. 40 to 52. 
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CHAPTER - III 

AERIAL PHOTO I NT ERPREr AT ION & NAPPING 

3.1.1 AERI AI. PHOTO GRAPHS 

The entire survey area, except f e w photcg raphic gaps 
is covered by black and white panchromatic aerial photography 
of task No. 167-B on ., :32,000 (approx.) sC8l~ carried out by 
MIs .Air Survey Company, Calcutta during IJov e mber"/ 195'6 and 
December, 195'8. Camera RC 5' (A) No.245' vlith ll-.S' inch and 
4.3 inch (about 11 em) focal length lenses has been used for 
photography. The format size of the print is 18 cm x 18 cm. 
The forward overlap is between 60-8q(. and side overlap is 10-30%. 
The aerial photographs have good resolution 2nd c ontrast. The 
seale is reasonably good for the stratific a tion of f'orE. st types. 

3 .1 .2 ., 00% interpreta.tion on old photog raph s, as stated above 
was done for the entire survey area. Since above photography 
I..1as old, fresh inf'ra-red black and white photog raphy on 1 :20,000 
scale was indented in 1974. The fresh photog r a phy 'fas c 8.rried 
out, 'during 1977 and 1978. Conside rable chang e s in land-use 
pattern have taken place during the last 20 y e a rs j_n the Southern 
p a rt of Bhutan which comes under this (Ph2.S 8 IV ) area . Interpre­
tation in respect of such are as was therefore d cne on fresh 
photographs. Gap areas in portions, covered by old photography 
were also covered with the help of new photog raph s. 

3 .2.1 HErHO JX) 1.0 GY 

10q% photointerpret ation was carried out by St ere oscopic 
examination of aerial photog raphs. The ,{ork consisted of ma rking 
of' principle points, their tra n sfere nce, ID s.r ldng o f effective 
are as on aerial photographs and int e rpretation. \tfuile marking 
the e ffective area it was ensure d tha t no a r ea is ei the r left out 
o r included twice . Photointerpre t 8tion was c onfined to the 
effective area marked on each photograph. 

3.2.2 The g e neral l and use p Gtt tcrn and d istri but:Lon of' fore st 
type s in the survey are a were more or less same ~ a s that of 
Phase I and II & III. Keeping this in vi e w the pbotointerpreta ­
tion key and methodology adopted f o r Phas e I Bnd I I & I II was 
c ontinued for this phas e also. As the interprete r s we re well 
conversant with the a r e a, no f i eld checking was done . The stock 
ma ps prepared (de t a ils giv e n in p a ra 1. 9 .1 of' t his volume ) by 
the inve ntory crews while cruising fores t areas .. le r e made use of 
for checking and verifying the inte rpre t e d d e t a ils on photog raphs. 
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3.2.3 Ke~~Photointerpretation·-· The rollowing key based on 
field observations, quality or photography 2nd possibiliti.es of' 
photointerpretation was adopted. 

Sl. 
No. 

1 . 

2. 

~: 
5. 
6. 

7. 

B. 

9. 

10. 

11. 
1 2 . 

13 • 
14. 

A - NON FORESTED 

81. No. '!'Ype Code ---
Snow ~covered area 1 • 

2. 

3. 

Lakes and ,.rater spreads 

EKposed rocks and 
barren slopes 

Ai 

J.2 

A3 

A4 4. Cultivation and habita­
tion (including orchards 
& terraced cultivation) 

B - FORi?STED LfJ.JD 
... -~~ ._ ..... -. _-_ 

Corresponding Ground Sl. Photointer-
ground forest type No. pre"tation 
type code type. 

Alpine pastures 1 . jI~pine pas -
tures 8l""'.d 
SCY'\.:bs 

Fir-Spruce 03 2. Fir 

Hemlock (4) 3 . ~tLxed coni-
La~h 05 ) fers (Tsuga? 
.Juniper 06 ) T • Blue .uarl.X~ 
Mixed c oni.fers 07 ) pine .1 .Tuni:-

pers 7 Fir & 
spruce) 

Coni.fers mued 08 4. Bropdleaved 
with Broad leaved mixed with 

coni.fers . 

Blue pine 02 5. Blue pine 

Chir pine 01 6. Chir pine 

Upland ·hardwoods 09 ) 
(broad leaved) ) 

Oaks '10 ) 
Lovi 1 and hard- 11 ) 7. Broad leaved 
woods (broad ) 

forests 
leaved) ) 

Sal 12 ) 
Teak 13 ) 

) 
8. Blanl{s in the 

Forests 
9. Plantation 

remarks 

Combin~tion of A5 
and .AD of stage 1 
clc\ssif'ication. 

Photo 
type Pemarks 

f ode 

o t~,F 1 

F 2 

F 3 Areas having 
\.,.11 i te crowns 
of Larix were 
separated by 
dotted lines 
(Tsuga

j 
Larix, 

Kailc4: unipers, 
Fir 0 Spruce). 

F4 

F 5 
F 6 

F 7 

B 

p 
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3.2.4 Densitx Classification2- The forested l?nds were further 
classified according to density of the crop as follows:-

Density percentage Code 

i) Low density ~2qb III 

ii) l-fedium density 20-60/0 II 

iii) High density over 6cy; I 

11~ : - No densi ty is indic a ted for F1 and B. 

Method of Annotation 

Land us_e type 

Density 

:EX ample No.1 

.EXample No.2 

A1 = 
F2/1 = 

Numera.tor 

Denominator 

Snow ccv e red 

Fir 
High density 

3. 2 .5 Minimum area for delineation:- An area of .5 em x .5 cm 
on aerial photograph~ (equal to about 2.25 ha on ground") ·W&s taken .,.~ 
as the minimum to bB delineated. Smaller areas were not recognised · 
and were included in the Bdjacent stratum. 

3.3.1 ~ AND HAPPING 

The survey area is covered by 27 topo-sheets. These are 
7 8 .AI 1 6, 18 B/:13; ,.8 W3, 4, 8 ,. 1 2 & ., 6; 7 8 F /1, 5, 9, 10, "'t 3 & 414; 
7 8 J /1, 2, 5, 9 & ~; 78 N/1, 5, ., & 13; 7 8 IV'1 5 & 16 ~ 83 Al3 & 
and 83 B/1. These maps have been prepared on precision plotter 
using aerial. photographs. They were used as base maps for prepara­
tion of forest resourees maps after transferring photo-interpreted 
details from the aerial photographs. 
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3 .3.2 The map sheet-wise break up of area under the Project, 
photo gaps and clouds is given in the folJ_owing statement:-

~ Area iIi ha 2 
Sl. Map sheet Total Area with- Out of area un.der column 4 
No. No. area of in the Area under Area un- Area un-

sheet Project. photo-gaps der clou- der 
-ds. blanks. 

1 2 3 It 5 
~-"- 7 

1 • 78 Al16 68645 46029 285 59 
2. " B/13 68795 22130 
3. 11 F/3 68495 12803 59 
4. 11 V4 68645 6864 5 270 380 

5. " #8 68645 46945 303 

6. II El12 68645 33814 181 505 

7. " F/16 68645- 68645 1228' 

8. tI F/l 68695 31674 150 

9. II F/5 68795 39065 501 

10. n F/9 68795 57706 563 

11 • It F/10 68943 2555 30 

12. It F/13 68795 68795 573 

13. 11 F/14 68943 5492 54 

14. II .TIl 68795 62230 1285 

15· It 3/2 68943 2044 45 

16. It J/5 68795 27503 -._ _69 

17. If 3/9 68795 55819 77-0' 

18. 11 3/13 68795 53966 217'5 

190 II N/l 68795 ~'9298 1996 

20. " N/5 68795 54~-71 1256 

21 • It N/9 68795 4584 3 510 

22. IT N/13 68795 33152 200 27 

23. It W15 68495 45680 15 1162 

24. 11 W16 68645 68645 1065 

25. 83 A/3 684-95 15448 2 80 166 

26. II .A/4 6864 5 14807 160 

27. II Bll 68795 18524- 169 

Total 1855959 1031828 461 770 15300 
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3.3.3 Aerial photographs ,"ere interpreted and checked by the 
Photo-interpreters of the Preinvestment $urvey or Forest Resources~ 
Dehradun. Photointerpretation details were transferred on to t~e 
base map by 70 (F) Party of the Survey of India

5 
Dehradun with the 

help of vertical sketch master. The transference was checked by 
interpreters. 

3.3.4 In vie", of the delay involved in printing of' maps in 
Survey of India 1 it was decided to prepare farest resources maps 
on Astrofoils (?- transparent and dimensionally stable material) "1 
in 70 (F) Party. Requisite number of ammonia prints were made 
from astrofoilsl The printed surprints of Forest Resources maps 
ar~ also being prepared by Survey of India. 

3.4.1 AREA CAICULATION 

Catchment~wise calculation of area under differeht land 
uses, rorest types, and denSity classes was done by 70 (F) Party 
of Survey of India using dot-grid method. 
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CRAFT.i:R - IV 

DATA prOCESSING 

4.1 . ., 

Data Process ing is s.n important ?djunct to the inventory 
survey.· Its role starts from the beginning or planning end goes 
to the final st8ges of the survey. It includes ·'):'lot investiga­
tion Bnd subsequent stages of' designing the survey. The next 
part starts ,.".hen the data have been collected. The major steps 
then involved are manual processing, processing on unit record 
machines and processing on electronic computer. The details of 
each of these are given in tbe following paragraphs. 

4.1.2 Manual Processing:- Tbis involves the following steps:­

(i) The field forms receiv e d in tbe Data Processing Unit 
are properly documented and entered in corresponding 
registers so as to loc ate the date" at late r stage. 

(ii) Some of the columns in the field forms which had not 
been completed in the field~ are properly coded. 

(iii) The field forms are checked manually to detect 
mistakes or inconsistencies. 

(iv) The inconsistencies .are. reconciled with the Project/ 
Zonal Officers and Photointerpret?tion Section. 

4.1.3 Processing on Unit Record Macpines:- The following jobs 
are done:-

(iii) 

(iv) 

The coded inform~tion of the field forms is punched 
:into punch ca.rds using key punching machines. 

, 
The data punched on ce"rds is verified with t,he help 
of card v e rifie,r. 

Sorting B.nd colla.ting or' th e punched data is done 
for proper input to computer . 

Correction of the mistakes in c ~ ro. s is done. 



-42-

4. t .4. Process ing on the Electl\)ni:c Computer:- This is done 
in the f¢llowing steps:-

(i) 

(ii) 

(iii) 

A-:-Jtt-". 

-1(.tv ) 

(v) 

(vi) 

(v,ii) 

(vii'i) 

(iX) 

(x) 

(xi) 

Tbe punched data is ioe.ded on mCignetic tapes. 

Merged files from pl0t descriptioq a.nd plot 
enumerC)tion :files are prepared~ 

Sample tree volume fj_Te i;:; prepared usi~g the 
general volume equations and ~ample tree data. 

Sca.tter dia.gral:;1 is prepared tq uetect abnormal 
observations. 

Corrected sample tree vo:.i._'..L."'i)e fiJ.e is prepared 
wpich is used in evolv:bng of' 19cal vo'lume equations. 

Local V'olliine Ettuations are de;;--ived. 

murre rated tree volume is calculated. 

Stem/ha or VoJ.-ume/ha. at each sarnply point by 
species <'?nd diameter are derived~ 

'" Stand and stock tables by Forest Types and otber 
characters are prepared. 

Tptal Growing Stock tables are coristf'ucteq.. 

;Plo:t 'Volume File 'is prepared' ?nd Standard Error 
for the Growing Stock is es_timated. 

4.2'.1 INPUT TO THE COMPtrrER 

The manu~lly checked data of f'ield :forms are punched 
on c8rds, usin'g ' punching . machines.,. The data on cClrds are then 
verified. wi tn; the, help of csrd yerifi€fr flnd~ prepc.'lred for feeding 

. into the compuJ~~.r using card sorter and col+a tor. ';['be inconsiS­
tencies in the dpta are further checked in the computer so that 
there is no trouble in further p:J:'ocessing. 

4.2.2 Listing of' the. data loaded on tapes are al so, taken out 
to check. if 'the data are correctly transferr~d on tapes and are 
in desired order. 

4.2.3 The numbe-r o:f c a rds -punched for e ach c a rd design were 
'. as :follows:-

Card 'Design 

( 1) Point Description Form (CD .0.1 ) 

(2)' Tally Sheet (dead tree). (CD 02) 

(3) Tally Sheet (CD 03) 

(4) Sample. Tree Fo;rm (CD 04;) 

.1:!2..:,_ of c ard s 

2308 

1285 

33,33 

8643 
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4.3.1 

The ar-ea imder vari'ous lC'lnd use classes and its 
break' up into different ':forest types by c-atchment was provided 
by tbe Photointerpretation & Maprying Unit by hundred percent 
photointerpretation of th_e a.v8ilable photogra.phs. 

4.3.2. The sample, points of lend class-1 (Forest), falling under 
tJ16 c:~tegorj_es of point cl?ssificatlon. 3 ~ 4- and 5' beJ.onging to 
different forest type groups (Chir, Fir-Spruoe, >ti.xed Conifers, 
Broadleaved. mixed \oIi th conifers and BroadleG.ved) 'were"':clas-sified 
into various classes of vegetation, size class,' spacir}g'1 crown 
density, regeneration, lea.flitter, humus·, soD. depth, ~oil 
'texture; stoD1I)ess, '"altitude, slope, asppct~ g_razing incidence, 
fi,re incidence~' and soj.l erosion. These give only a general 
i'ldication of' :the proportion into var::.ous classes find may not be 
~onsidered :for estimatioh of' area or [:'''r'bvl,ing stock since these 
'\ ... ,uld involve considerable sampling el'ror t~ make these useful 
"cr any purpose. 

i.,- .3.3 The sample point~ belonging ,to l p.rd ciasses othe.r than 
ferest and point class ification 3, 4 t'1r_ld 5 vl"ere claSSified into 
'\ ~:l.:~ious class es of aJ_ ti tudes, slopes, aspects and soil eros ions. 

4. 1 ft4. Th_e sample points in lr-md class--'l, point classif'ic?tion 
3, 4 and 5 were distributed into different a l ti t u de, slope and 
forest type for each catchment. 

4.3.5' The sample points of each forest type were cla,ssified by 
various. chdracters such as c a tchment, altitude, slope etc. 

4.3.6. All the above tables are only indicativ e a l'.d no rel'iance 
could be placeq. on the area arrived at ort the basis of' these 
tables. 

4.4.1' TREE VOLUNE STUDY 

. Special study' for df9veloping generBl volume equations, 
estima.tion of cull <"nd b e.rk volume "'Te re not unde rtaken in this 
phas e s epc3'-ia.te ly as .felling was already done in t hes e areas during 
-inventory §f6rk-:-ln Phase, II e: .III. There:rore, .f'elJ,.ed tree volumes, 
cull volumes 2nd barl-;: volumes' were used f ,rom 'Phase II & III felled 
tree data.. c,. 

4.5.1 SAI{FLE T REe vOLur·ill 

Since trees from this area were also felled during working 
in Phase II &- III, ·the general vc::)_ume eq,l18+ i on s deveJ_oped for V~ 
Phas e II & I I I ,.w'era. \!Sed' t 'o estima te the s 8inple tree volumes of :.J...t_ 
the spec:1es by using the informa tioh of diameter:- a nd h e ight collec­
ted on s ample tre e forms of this (Phase rv) survey. HO\olever 
separate estimates of volume for some mo re species were derived. 
The. sample tree v.olumes for such s pecies "Tere obtained- using 
g eneral volume equa tions 'of' Fhase I a rea . The general volume 
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equations used for different species are given below. The 
figur;_es in the br8 .• kets denote the number of' trees on which the 
equations is based: 

(A) GENERAL VOLUHE ~T].ATIONS FRON E-I.ASE II & III LEFORT 

.!:)f _I\bies densa (164-) , 

! LogeV = -1.38883 .+ 1.77028 loge D + 1.04424 loge H 

~) Acer s~ecies (150) 
2 

V = 0.03873 + 0.36273 D H 

Castanopsis species (82) 

V/D
2

H = 0.34759 - O.·00794/D
2

H 

or 

;Iv ~ -0.007~ ... 0.34759 D2H 

~ M1che~1a species (94-) 

V/D2H ; 0.32947 + 0.00667/D2H 

or 

V = 0.00667 ... 0.32947 D2H 

Terminalia myriocarpa (59) 

V = 0~00635 + 0.359~6 D2H 

~~ Phoebe goalparensis (34) 

V = -~.d4320 + 0.36220 D2H 

~""ra rOhituk;" (4-8 ) 

V = -0.09,68 + 0.01051 H + 0.31875 D2H 

(~etrameles nudiflora (86) 

~, ~~geV = ~1 .33610 + 1.15959 

(~~~antus grandis (103) 

Log V :; -1 .94825 ... 1.72730 

(10),4achilus species (122) 

v' 
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~) §Ymplocos sp1cata (69) 

I v ~ 0.00155 + 0.34028 D2H 

...Y'2) Salmalia malabari.cum· (82) 

:I 
Log V = -0870448 + 2.-13777 logeD -+- 0.91127 logeR 

( .ster:U.lj a vU_!...Q~·a (75) 
t2 2 V/D H = 0.34018 + O.OO~31/D H 

~,/ v ~ 0.00231 + 0.34018 D~ 
J) En_gelhardtia S'??:EI"-'''!- (1 .. '1)_ 

LogeV = -O.i49h 9 + 2.15320 logeD + 0.76463 logeH 

( ) 

Pinus wallichi8:1J.~ (218) 

I.lJg
e
"'! = t , <O+?834 + 1.92633j1logeD + 0.96761 logeH 

Tsug a b.Mnonian.l!3 La~1~_g):(ff'ith~~1- (122) 

LogeV == -1 )-'-0968 + -1.84674 logeD + 1 .04567 logeH 

.Qgg~_§:Reci.eQ. (148) 

V/D2H = 0 .. 30238 + () .C02 1"' / D
2

H 

o r 

V = 0.00211 + 0.39 238 D2H • 

BetuliLS.J2ec..1~ (77) 

LogeV = -0.46151 + 2 .039 84 logeD + 0.83746 logeH 

Rest of s:Q.~cies (150) 

LogeV = -0.56532 + 1.98460 logeD + 0.82294 logeH 

4-.5.2 The sample tree volumes of' 12).labanga _? onnerat1oid es, Sehima .. 
wallichii, flnus ' species and Beil scbrnedi a speci e s were obtained --:( 
using the g e n eral volume e q u a tions for r 8s t o f IIHa rdwood species" 
of Phase I. 
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4.6.1 .bQ.Q..h.L VOLUHE .El;!UATIO_NS 

The estimated sample tree volume-or a transform form of 
it, was taken as dependent variable and tbe observed diameter 
at breast height of the sample trees or a function of it, was 
independent variable. The following types of regression functions 
were tried for each species:-

( 1) V == a + bU
2 

(2) V == 

(3) v == 

(4) v 

(5) v'V :;a 

(6) .,.IV- :=: 

(7 ) v/n2 
== 

( 8) V/D~ == 

(9) v/n2 
== 

a + bD + cD2 

a + bD + cD2 
+ 

a + 
2 b{D"+ cD 

a + bD -+ cD 

a + bD + cID 
a + b/D2 

a + biD + c/D2 

2 a + biD + c/D 

( 10) LogeV := a + b logeD 

dn3 

+dD 

4.6.2 Loc~l Volume Equations, in respect of some of the species 
for which sample tree data collected from Phase IV survey was not 
adequate to develop such equations, were-formed. as under:-

(1 ) Pinus roxburghi"i LocaJ. Volume Equation of 
Phase II & III • 

• 
(2 ) Picea spinulosa -do----, 
(3 ) C astanopsis species Sample tree data of 

Phase II~ III & N. . 
(4) Amoora rohituka -do-

(5) Ailantus gral].dis -do-

(6) Pinus \-Jallichian2; -do-

(7) Tetrameles nudiflora Sample tree data of Phase IV and 
felled tree ~,J.ta of Phase II & III. 

(8) Salmalia malabaricum F elled tree data of Phase II & III. 

(9) sterculia villosa ---- Fell.ed tree data of Phase II & III 
and Sample Tree d ata of Phase IV. 
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4.6.3 For other species sample tree data of Phase IV only 
'vas used. 

4.6.4 Considering the standard error of the estimate, the multi­
ple determina.tion coefficient and the applicability of the 
particular equation in the entire range of the diameter, the 
fOlOWing equations were selected ror the species. The figures 
in he brackets · denote the number of trees on v,hich the equation 
is ased • 

..... U) Pinus roxburghii (272) 

~ =: Q.29180 + 6.04176 D - 2.43099(r) 

~) Picea spinulosa ~263) 
4 ;I LogeV =: 2.76319 + 2.60596 logeD 

~ Pin]!§. wallichiana (143) o· 6'4 ~9 1 

V/D2 = 16.61531 - 3.21761/D + 0.20188/D
2 

or 
~. 

V = 0.20188 - 3:21761 D + 16.61531 D2 

Abi~ densa (653) l:l' ~Bo~' 

V/D2 = 12.62008 + O.10774/n
2 

- 2.09529/ D - 1.61065 0 

or 

/ 
~) Tsu.f@ brunoniana ( 5 8) 

V = 0.107711- -" 2.09529 D + 12.62008 0
2 

- 1.61 065 .03 

1:-= -0.09173 + 3.25878 D • 

~ Quercus species (1126) 

V = 0.20699 - 3.13612 

o . "I ,,"l.S" 
D + 15.76 557 D2 - 1.95718 n3 

• 
Betula spe cies (100) (~ ...:t J • o· "B9r 

. _/ vV = 0.3°7101 + 5.19075 D - 2.12667 v'D 
..!:J'> .Alnus species (102) ~ .~ ::ro~-Q 

V = 0.41455 - 1.3712oVD1+ 11.3311 9 D2 / 

Ace;:. species (231) o. ~.2.. $"' T 
V/D2 

=: "'2.94655 - 2 .49 698/D +. 0.2076 2/ 0
2 

. 

or: 
V = 0.20762 - 2.49698 D + 12.94655 D2 
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(1C;Y~anOPSiS s"Oecies (196) o'=l-ol~3 

v/n
2 

== ,2.41270 - 0.02301/D2 + 0.12721/D + 8.12834 D 

or 

I' V ==, -0.02301 + 0.12721 D + 2.41270 :62- -'; 8.1~834 r)3 

(1})1 Michelia species (169). 0 ..... 5"":;0- a ~ -r", ~ 
,< . V == 0.53034 - 1.84392 -I/'D + 11 .29170 D2 , 

(1:;1 Terminalia .!!!y-rioca!l?.§. (65) 

/LOgeV :::: 2.52144 + 2.31085 logeD 

(~) ~hoeb~ goa1.I?arensi~ (86) 0 • C) ':1- CJ' 4 

, /';V:::: - 0 .65767 + 3.21'650 D + 0.80684 ';D 

~ y' fChi_m_a _w~lichii (1 62 ) (). ,. "2 :J_ '1 , 

.Iv =0.28069~4.61980D-1.65381/D 

~JUnoora rohi tuka (54) 

v'V:::: -0.00144 + 3.94308 D - 0.79729 JD 

(~/- Ietrameles nudiflora (144) 

. JV = - 0 .50980 + 2 .41166 D + 

(17y-Duaban~ .§_onneratioides (84) 

v'V::: -O,.0"2~7 + 3 .39930 D -

~ Ailantus grandis (48) 

1.12639 ~ 

~.~~L,.o 

0.28981 v'D 

..;v:::: 0.32056 + 5.16781 D - 1 .83345 \I'D 

(~MaCh~ spec i e s (414) 

v/n2 
== 9.83970 + 0.07116/D2 - 1.33867/D + 2.29781 D 

or 

V :::; 0.07116 - 1.33 867 D + ~ .83970 D2 + 2.297 81 r)3 

( 2.0)' .... ·.§y!!_1plocos s picat a (131) e . .,~\.f";)-~ 
'-' 

-.Iv:::; -0.24330 + 2.44627 D + 0.48232 JD 
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V/D
2 = 5.48513 + 0.0450?/D

2 O.93461/D + 9.16037 D 

Bcilschmiedia species (96) 0 • ~'" I b c9 

V = 0.51191 - 1.78643,%+ 11.19974 D2 

Rest of species (4314) ~ 
vV = 0.12404 + 4.00303 D - 1.09.84lt vD 

"/ 

7 . 1 ENUMERATED TREE VOLUME_ 

The breast height diameter of each enumerated tree was 
substituted in the selected local volume equation of the species 
"J.nd underl..ark volume of' each c'1tL'llerated tree was obtained. 

4.8.1 VOLUMI¥'HA Kr A SAt-1PLE POINT . 
Using the volume of each enumerated tree , estimate of the 

volume/ha by species a~d d i amete r class as well a~ volume/ha 
irrespective of specie s and diameter class W8.S obtained for each 
s ample point '?-.S follows:-

Vvr}Jere 

m 
Volume/ha = BAF x L Vi 

i=1 Bi -

m 

BAF 

= The volume of the ith tallied tree from local 
volume equation. 

== Basal Area of i th tallie d tree. , ~ 

= No. of tall ied trees at the sample point. 

= Basal Area Factor of the r elascope . 
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4.9."1 GROWING STOCK PER HA 

The estimate of volume/ha by spec~es and diameter class 
'lTas obtained for each forest types or a group of forest ,types 
from all the sample pOints falling in that type. 

4.10.1 TOTAL GP~NG STOCK 

The product of the estimat,e of volume/ha and the area of 
the forest type gives the total growing stock for the lorest type. 

L\ .• 1 "\ • 1 ST .AND ARD ERROR _... __ .4~" 
;~ It~. _~. 

S~ratification o~ diffe:ent~ ~:f\QE:~'~'t t~pes'~could not be done 
at the tlme of preparatlon of lnventory~~slgn =!i.pr, . the survey but 
it ,.las hoped that the area of the forest ~~es wil-l be available 
from aerial photo:;L_nterpretation at the time of- data -processing. 
Therefore systematic sampling design vias adopt~ , I t \J8-S planned 
to analyse the data after survey is over by post stratification 
of the area. Standard Error of the estimates of vol,./ha for each 
forest type was obtained from the sample poin~s falling in that 
forest type. An estimate for tbe whole _survey area "Tas also 
obtained. 

4.11.2 The sub-sample of clusters falling in each forest type 
was 1:onsj_dered to constitute a . random sample. Since . . poth points 
of the c1~ter in many cases did not feJ_l in the S8,me forest type, 
the ratio m~thod of estimation was considered appropriate for 
estimating the sampling error in each forest type •. The estimates 
of' variance and standard error were derived as follows:-

Let 
Yij 

x. 
l. 

Yi 

x 

n 

rh 

=: Volume (n2 )/ha at the jth sample point of i th cluster. 

~ Number of sample points in the ith cluster. 

= Total of per hectare volumes at ith cluste r •. 

= Mean number: of sample points per cluster. 

=: Total number o f clusters. 

= Bean volume .(m3 )/ha in t he hth si:;r8tUrrI. 

Estimate of' v ariance of rb == v ( rb ) == 

n 2 
L Yi - 2 r h 
i=l 

n (n-1) x
2 

2 x. 
l 
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Ignoring finite population correction factor 

Standard Err~r of r h = S. E. (rh ) = ./V (rh 5 
.. 

E:. E. (;h ) 
S.E.% = x 100 

rh 

Estima.te of the vari?nce of the total growing s.tock 
. 2 

in htb strctum :::: Ab x v(rh ) 

Where An. is the area of the hth stratum . 
-

Estimate of the variance of' the total growing stock 
~-... . . 

~ 

in the whole catchment is given by 

v(y) 

Where y total growing stock 

k ::;: The number of strata 

S.E.(y) 

S.E.% 

= 'V (y) , 

= S. E. (Y) ):: 1 00 
y 

4.12.1 STEMS/HA AT A SAMPLE POINT 
,/ 

The trees tallied at each sample point were classified 
by species and diameter. The estimate of stems/ha by species 
and diameter at each sample polnt were obt?ined as f0110\"s:-

Stem/ha 
m 

BAli' x 2:. 
i=1 

Where Bi is the basal area- of., the ith t allied tree at a sample 
point. 

m = Number of trees tallied at a sample point. 

BAF ::;: The basaJ. area factor of the re1ascope. 
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4.13.1 STAND TABLES 

From the tally of trees at each sample point, an estimate 
of stems/ha. by species and diameter class over all clusters in 
each forest type 'Ylere obtained. 

4. 14 • 1 TOT.AL ST ElvIS 

Since the area under each forest type "ras availabl e from 
Pbotoi nterpretation, an estimate of total stems t·las cbtained as 
a product o:f the stems per hecta.re and the area (in ha) o:f the 
forest type. 

4.14.2 Estimate of total stems by species and diameter class 
over all the forest types ",ere also calculated. 
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CHAPTER - V 

The study was carried out mainly on the following 
aspects:-

(1) Production of wood (timber & firewood) and 
i'1inor Forest Produce. 

(ii) Hood consumption 

(iii) Hood export 

(iv) Projection of future demand for wood. 

5.1.2 Methodology adopted for carrying out the studies on the 
above aspects is given in the follovling paragraphs. 

5.2.1 ASSESSMENl' OF HOOD/H.F.P D PHOD'JCTION 

For the studies the following agencies were recognised:­

(a) Forest Lessees/Contractors:- This category included 
all forest produce extracted by forest contractors 
from sold coupes. It also included allotment made 
to certain individuals including sawmills and other 
wood based industries in selected areas for commer~ial 
purposes on payment of royalty as per prevailing 
schedule of rates. 

(b) Concessionists:- This agency included timber extracted 
by villagers for bon8fide nouse building 1 house 
repairs and agricultural implements on concessional 
royalty rates. In case of firewood, local population 
enjoYs the privilege to collect dry wood from forests 
free of royalty. Although permits are issued to 
people living in townships for removal of f i rewood, 
bulk of firewood removed by local population is 
unrecorded. The quantity issued through permits only 
was shown under production. ThiS, therefore, does 
not give any indication of actual firevrood consumption. 
Hence the firewood consumption estimates are based on 
the population and are discussed in detail separately. 
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(c) Gove.rnment Departments! - Government departments 
get part of their timber requirements directly 
from forests through allotments and part from the 
saw mills. The quantity allotted to Govt. Depart­
ments directly from the Forest Divisions, only was 
taken into account for assessment of production. 

(d) Free grantee~:_ Timber annually granted .free of 
royalty to fire and flood vi~tims, "las taken into 
account for this agency. 

(e) Hiscellaneous Eemo'Vc>Ts:- This category con.sists of 
the timber granted--:S:;-Dz ongs, Honastries ~ Etlucational 
Institutions, Bridges mad!';! by the villagers, Irriga­
tion channels and Mines etc. 

5.2.2 ~rom the records maintained in the Bange and Divisional 
Of:fices :for the last, three years viz: 1977-78, 1978-79 and 1979-80, 
out-turn figures of timber for the various agencie s were collected 
end from this data average production figures were worked out by 
applying proper conversion factors. Production of timber pertain­
ing to the ranges within the survey areas were collected from the 
reports compiled by each of the three Forest DiviSions (Samchi , 
Sarbhang and Samdrupjongkhar). This data was supplemented by 
additional information collected from offices of Phipsoo, Damphu; 
Gaylegphug (Sarbhang Division); Samdrupjongkha r, Samrang and Diapham 
(Samdrupjongkhar Division) ranges and logging d i visions. Data 
available was in terms of number of trees Which were converted into 
cubic contents taking the average volume of a tree to be 3 oJ. 

5.2.3 The production figures of firewood for the last three years 
were also collected from diviSional and range offices. , ~he figures 
were based upon recorded information end these do not mdicate 
actual production of the c onnnodi ty. The average figure of the 
three years was taken as annual production (recorded). The 
conversion factors are given in para 5.5.1 of this volume. 

5.2.4 Ass essment of annual production of J..finor Forest Produce 
was also done on the basis of avera~e of last three years. 

5.3.1 .ASS ESS~ OF HOOD CONSUMPTION 

Wood consumers recognised f o r the study are local popula­
tion, saw mills and wood ba~e.d .industries, Governmept departments 
and f ,ree ·. grantees. The se consumers ma inly extract t he wood 

(,allotted/sold to them direct from the fore sts. 
~ ~ . 
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5.3.2 To assess the quantity of wood for local consumption, 
a sample survey was conducted \lithin the survey area covering 
51 samples representing all patterns and sizes of houses. The 
consumption pattern particularly of fire\'lood during sur.1mer and 
winter seasons was also studied. The district-i.lise break up of 
samples taken is given below:-

-------------~~------------------------------------------

Sl. 
No. 

1 

2 

3 

4 

5 
6 

'1 

8 

District 

Chi rang 

Gaylegphug 

Phuntsholing 

Sa.mdrupjongkl'1ar 

Tashigang 

Sumar (Perna Geytse) 

Ha 

Thirnphu 

No. of No. of families 
houses residing in the 
sampled sampled houses. 

10 15 

4 6 

7 10 

20 21 

4 4 

3 3 

2 2 

1 2 
----.. -- - -- -'-- --_ --- ... _- -_ - - ..... _--

51 63 
- --- --_ -----_ ------------- -.-_-_ .. --_ --_----- - - - .... _ .. . -- ------ ---

5.3.3 As the removals made for woed. required for agricu.l tural 
implements, fuelwood and in some cases even honse building and 
house repair, timber is mos tly unrecorded; house sample survey 
was .arried out as per details of items included in p r of'orma· 
designed for the purpose (BHD-3 ~ Annexure-I). 

-5.3 .• 4 The proforma BHD-3 (Annexure- I) include d 'I..Jide· range of 
i terns pertaining to consumption 01 ,,,ood for house building <:'-TId 
house repairs, agricultural implements and firm·rood. The details 
of studies carried out are as follovls: . . 

5.3.5 (i) House Building Timber:- In each house sample~, the 
details of every piece of wood/bamboo used..... for the bui+d].ng WfiS 
recorded. The total quantity of timber (m5 WF.E) used. was compiled 
in the office. Useful items like plinth area, number of storeys, 
type of roof, the extent of l and owned, annual income etc., were 
recorded to correlate \.,i th the quantu..'±l of timoe r used for house 
building. 
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5.3.6 (ii) House Repairs:- AS considerable quantity of timber is 
annually utilized by the local population for house repairs, 
especially replacement of shingles of roof, the information 
pertaining to this item was collected in respect of cycle of 
minor and maj or repairs·~ kind and quantity of \<lood used for 
repairs, etc. 

5.3.7 (iii) Agricultural Implements:- The stu::ly ,,.ras conduc_ted 
over 63 representative house holds. (A bouse hold may have more 
"than. one family). :I:J2tails pertaining to the area of land owned, 
kind and number of implements used, frequency of replacement of 
implements, quantity of timber required for various implements, 
species prefelences etc., \Jere collected from the house holds 
sampled • 

5.3.8 (iv) Firewood:- Sp-ecial attention was paid for this stu::ly 
in -vie,,! of' the fact that the largest removals of wood for locaJ.. 
consumption is made under this category. Apart from· the assess­
ment of per capita consumption of firewood, the species preferences 
by population in various regions was <uso studied. 63 house holds 
'vere sampled for the purpose. 

5.3.9 The wood based itldustrices located in the survey area were 
visited and information as detailed in proforma BHD ... I (Annexure II) 
was collected. · The information regarding annual intake requirement 
in respect of the industries was also collected from the Office 
of the Director of Forests, Royal Government of Bhutan, divisionaJ. 
and range offices. 

5.3.10 Wood consumption figures for Govt. departments and Free 
Grantees ,.,ere worked out on the basis of · divisional and range 
records as described in para 5.2.2 for wood production. 

POPULATION ESTIMATES 

The survey area covers thirt~en districts of Bhutan in 
whole or part. The area of every district within survey area wa~ 
determined with the help of map (scale 1 :2,50,000) supplied by 
Central Statistical Organisation of Royal Govt. of 'Bhutan7 on which 
district boundaries of Bhutan \-rere already marked. The boUndary 
of the survey area was delineated on this map with the help of 
topo sheets and area of every district within survey a rea was worked 
by using dot-grid method. Population d ensity for eve ry distriet 
in the year 1979 was determined using district-wise area and 
population figures (obtained from Central Statistical Organisatio~ 
of Royal Govt. of Bhutan) and multiplication of the population 
density of' every district with tlle area of' the said district 
provided the total population of individual district. In this 
way the total population of all the district s in 1979 works 
at 378,056. . .. 

5.4.2· FollovTing table shows the district-wise are a a nd popula-
tion in ·the survey area : .~ 
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5.4.3 The estimates of projected popul2tion in 1980, 1985 and 
1990 were made by assuming growth !:ate of 2.1% per annum. 

5.4.4 Estimates of total number 0 ::' [lOUSeS , viere mage on the 
basis of population (each nc,nse}1old having 8 persons on an 
average). The consumption f'igur0s ' -ere Horked out by multiply­
ing requirement p-er house 01' reI' C8.p~Lta \v:::.th the total estimated 
number of houses or popuJ.ation. 

The following conversion facto:::'s "jere w~ed:-

(a) Volume or one tree 

(b) Volume of a pole 

(c) Volume of electric 
transmission pole 

Cd) 1 zrr3 of sa\V'n wood 
in Bhutan area. 

(e) 1 rr? of savin wood 
in Ass am area. 

(f) One. bag of charcoal 

(g) One tonne firewood 

(h) One standard stack of 
firewood (5 'x5 'x2i' ) 

(i) One truck load of 
firewood. 

(j) One head load of 
firewood. 

(k) One cubic ,foot 

(1) One tonne timber 

(m) One truck load timber 

(n) One truck load of cane 

(0) One head load or 
one bundle of cane 

(p) One head load of cane 

= 
= 

= 

= 

= 

= 
= 

= 

= 

= 

= 
= 
= 
= 

3 1:1
3 

0.028 m3 (1 cft) 

o .122 ~ 

2 m3 of round wood 

1.428 rrP round wood 

35 kg. 

75 cft (stac'ked volume) 

37. 5 cft 

3 tonnes 

25 kg. 

0.028 m3 

1.2 ~ (u.b.) 

175 cft (3.5 tonne) 

3 tonnes 

~ 12 kg~ 

= 12 No. thick c a ne or 
100 No. thin cane 

(q) One cart l oad of firewood = 2 quintals 

(r) One tin of r e sin 

(s) One head load of thatch 
grass, leaves etc . 

(t ~ One tree 

= 
= 
= 

18 kg. 

18 kg . 

2 tonnes firewood. 
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AN·NEXUTIE-1 
-BHD-3 

PREI.NV EST HENT SUB!:HY OF FOREST RESOiJRC.&s 
( BHUTAN ) 

MARKEl' AND DEK4.ND STG::JIES 

House Sampling Proforma 

Name of Village/Town; 

No. of Houses in the Village/Town; 

Name of Owner/Head of F8mily: 

I. GENERAL 

1. Ye~r of construction 

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

3. Type of roof (flat or leaning 
(a),Roofing material used 

Block: 

Sub Division: 

District: 

4. No. of storeys Single/dou~le/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 . CONSUMPTION OF TIMBER/BAl'<ffiOO 

10. (a) Timber (cu.m.) 

(b) ' Bamboo (nos.) 

Sawn --
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11. How the timber obtained 

(a) Govt. forests/Priv8te forest 

(b) Was it h~nd sawn or sawn 
in the mill 

12. Repairs of house 

(a) Cycle o:f repa.ir (Intervening 
period between repairs). 

(b) Timber used rOT repair (cu.m.) 

(c) Bamboo used for repair. (Nos. ) 

III. CONSUMPTION OF FIR!iMO(iD ErC. 

13. Consumption of fire wood per day 

(a) Species used for fire-vTood 

(b) Species prererred for fire-wood 

(e) Any other fuel used for cooking 
(kerosene, eleetricity etc.) 
If yes, quantity 

IV • AGRICULTURAL IMPLEMENl'S 

..,4. Type and No. of agricultural 
implements maintained 

15. Quantity of timber required 
for agricultural implements 
(eu·.m.) (speeies-wi se) 

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

17. No. of bulloel{ carts 

(a) Timber used (cu.m.) 

(b) Bamboo (Nos.) 

18. Any ~ther information 

Signalure oT recorder 
Place : 
Date: 
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ir _' 

PREINVESTM2:NT SURV £C. OF FOREST RESOUFCES 
( BHUTAN,) 

N,ARKEr AND DEMJl..ND STUDIBS 

ANNB.XURE-2 
-BHJ)-1--

Consumption of wood by \-lood based industries in the 
cOnsumption zone 

I. GENERAL 

II. 

1. Name and address of industry 
with year of establishment. 

2. No. of band saws in operation 

3. Horse Power of Engine 

4. No. of workers employed 

i) Skilled 

ii) Unskilled 

iii) Managerial 

INT.AKE AND 0 ur -TURN 

5. Intake of round wood (m] ) 
per day. 

(a) Installed capacity· 

(b) Actual intake 

6. Average No. 
days/year 

of mill working 

7. Total annual intake of wood 

8. (a) Quantity of timber brought. 
by others, if any, sawn! 
processed on payment of 
charges. 

(b) Wha.t are the charges of 
sawing/processing per 
unit volume. 

9. PriI!lary conversion' out-turn/day (m3 ) 
(in case of plywood it will be in 
sq.metres of veneer of specific 
thickness). 
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10. Quantum of wastage and mode of its 
disposal (give approximate break-up 
and price/unit, if sold). 

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

(a) From Govt. forest of Lovler Assam 
(Goalpara] KamruP? Darrang Distt.) 
(Directly through purchase or 
indirectly througb lessees etc.) 

(b) From forests of Bhutan (Directly 
through purchase or indirectly 
through lessees etc.) 

(c) From other sources 

12. Landed cost of raw ma.terial 

13. ImportclTIt sizes sawn/finished 
products produced. 

14. Any bulk supply of finished products 
to organised sectors. If yes , 
give de tails. 

15. Destinotion to which the sa"rn wood/ 
finished product is going. 

16. Price of sawn wood/finisbed product 
(for important species and most 
popular sizes). 

17. Cost of manufacture (e.g. cost of 
sawing, cost of manufacturing 
finished products etc.) 

18. Break up of total intake of~wood 
b~ species (Round wood in ~) . 

19 • Any expa nsion plan 

20. Any othe r information 

Signature of Recorder 

Place : 
Date : 




