








- 36 -

6.3.1 DISTRIBUTICN OF FOREST TYPES

Twelve forest types were recognised and differentiated
for recording in field forms in ground sampling. These types
have been listed and criteria for their determination in the
field, described in Chapter I, Volume II, para 1.%,1 (instru-
ctions for filling up columns 17.18 of the P.D.F.). In aerial
photographs all these types could not be recognised. Only six
categories (which include all the twelve types recognised in.
the ground sampling) could be recognised and delineated in
photointerpretation. The twelve forest types (ground sampling)

have been re-grouped into six categories (photo-interpretation)
as under:

Sl.No. Ground Forest Type 421 ,.,No, Photointerpretation Type

1. Chir 1 Chir
2. Kail 2 Kail
3. Fir and Spruce 3 Fir
4. Tsuga }
5 i )
* Larix ; ) L Mixed conifers
6. Junipers )
' )
7 Mixed conifers )
B. Conifers mixed with 5 Broad leaved mixed
broad leaved with conifers
9. Upland hardwoods )
)
10. Oaks g 6 Brecad lezTed
11. Low land hardwoods ) e :
)
12. Sal )

6.3.2 A possible matching of the forest types recognised
on the aerial photographs with the corres ondil ig types as per
classification of Champion and Seth (1968? is as under:
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Sl.No. Photointerpretation type Champion and Seth's
Forest Tyre
1. Chir ’ n ) o/ 1 b
2. Kail 12/2 81
3. Fir and Spruce 13/C6
. 14/c2
Y. Mixed conifers )
5. Broad leaved mixed 3 12/C3 a
with conifers )] -
6. Broad leaved 8B/C1
11B/C1
7 Alpine pastures & scrubs ) 15/C1
15 /23

6.3.3 The distribution of total area of forests intoc diff-

erent forest types as recognised on the aerial photographs is
as under.

) Table
DISTRIBUTION OF FOREST ARBA BY FOREST TYPES

sl. Forest Type - Area Percentage of total
No. (ha) forest area
1. Chir 74,829 8.2
2. Kail 16,615 1.8
3. TFir & Spruce ) 104,418 11.5
L, Mixed coni}ers Ly ,687 L.9
5. Broad leaved mixed - 100,697 1.1
with conifers
6. Upland and low land L82,880 ) 53.2
hardwoods "
Total Tree forest ff%iigggﬂ_;/’ 90.7
7 - Alpine pastures 73,205 - 8.1
8. Blanks ) 11,238 1.2

Total Forest Area 7 908,569 . 100.0




w
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6.3.4 On detailed checking of the resource maps, certain
mistakes were detected in map sheet Nos.?8 M/ and 78 M/11.
The area figures were reccmputed on the bagis of ~orrected
copies of resource maps. Accordingly, someé minor changes in
the table under para 6.3.3 above, had to be made. The revised
(correct) distribution is given in the following table.

Table.
DISTRIBUTION OF FOREST AREA BY FOREST TYPES(CORRECTED)

Sl. Forest Type Area Percentage of total
No. {(ha) forest area
1. Chir 74,845 8.3
2. Kail 16,615 1.8
3. Fir & Spruce 104,446 1.5
4, Mixed Conifers L, 687 %.9
‘5. Broad leaved mixed 100,888 11.1

with conifers
6. Upland and lowland 482,639 B 53 .1
hardwoods '
Total Tree Forest 824,120 90.7
7. Alpine pastures --73 ,205 8.1
8. Blanks 11,245 1.2
Total Forest Area - 908,570 ; 100.,0

e

6.,3.5 The effects of these changes in the area figures,

on distribution of total number of stems and growing stock
have been worked out at + 0.008% and - 0.0018% respectively
which are insignificant. The calculations of number of stems,
growing stock ete. in the subsequent ghapters are based on
area figures given in the table under para 6.3.3.

6.3.6 The- land use pattern by catchments is given in the
following table. 1In this table for each catchment, the per-
centages have been expressed as those of total geographical
areas after excluding areas under aerial gaps and clouds. The
distribution of forest area by forest types as given in the
table of para 6.3.3 has beenm taken as final for working out
the figures in the following table, Changes as per para
6.3.4 were not made due to the reasons stated in para 6.3.5.
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6.4%.1 FOREST TYPES AND RESOURCE MAPS

The map on opposite page (scale 1:2,50,000) shows
the land use pattern including distribution of forest types
over the project area as obtained by interpretation of aerial
photographs. Since the photographs pertain to aerial photo-
graphy dating back to 1956-58, the present land use pattern
might be different from that shown in the map, at many
places. The map may therefore have to be up-dated after
carrying out fresh aerial photography.

6.14.2 Resource maps on 1:50,000 scale survey sheets
(16 sheets in all) have also been prepared for detalled mana-
gement and logging plans.
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CHAPTER-VIT

GROWING STOCK

7.1.1 GENERAL

The growing stock has been assessed by computation
of vélume of each tree, tallied at a sample point, using the
selected local volume equations. Volume per ha by species .and
dizameter classes at all the sample points was calculated, The
estimate of volume per ha by species and diameter classes for
each forest type or group of forest types was made by averaging
of all the sample points falling in that type. The product of
estimate of volume per ha and the area of the forest type gives
the total growing stock for the type.

7.1.2 The trees tallied at each sample point were classified
by species and diameter classes. An assessment of stems per ha
by species and diameter classes for each sample polnt was made
on the basis of basal area. Averaging the figures for all the
sample points in a forest type, number of stems per ha in the
type was cbtained. Total number of stems in each type was

compiled by multiplying per ha figures with the total area of
the farest type.

7.1.3 General and local volume tables for some important
species were constructed.

7l The "Methodology" for computation of growing stock,
number of stems and construction of general and local volume
tables has been described in Chapter IV, Volume II.

-

721 NUMBER OF STEMS PER HECTARE

The species and diameter class-wise distribution for
different forest types are given in APPENDICES 1.1 to 1.6. The
grouping of species have been described in para 7.2.3.

7e2.2 The distribution of total number of stems by speeiles
and diameter classes for the survey area is given in
APPENDIX 2.7.
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7.2.3 Broad leaved species have been grouped according to
their present commercial valué. as defined in Royal Govt. of
Bhutan, Forest Department's Notification No.TIF-L45/79/7-365
dated 1-5-74. The number of stems per ha have also been
caleculated for each group of species. The groups are:

. GROUP =--4A
1. Betula spp.

2? Juglans regia

3. Michelia spp.

L. Morus laevigata

5. Phoebe goalparensis

6. Terminalla myriocarpa

GRO"U_P - B

Acer spp.

Ailantus grandis

Altingia exXxcelsa

»

JUVRE RN

Amoora wallichii

Cedrela spp.

Cinnamomum cecicodaphne

‘Duabanga sonneratioides

Phoebe hainesiana

[

Salmalia malabaricum

O ¢ © Ny O W F

4

Schima wallichiil

-
~i
1)

Tetrameles nudiflora




2.
3.
L.
5.
6.

w N
.. .

O o0 3 o M F

-4 -

GROUP = C

Acrocarpus fraxinifolius

Albizzia sSpp.
Alnus spp.

Bucklandi a populnea

Castanopsis spp.

Machilus spp-.

GROUP - D

Bischofia Javanica

Garuga pinnata

Lagerstroemia parviflora

Populus spp.

Prunus spp.

Pterospermum acerifoliium

Queréus SPP.

gterculia villosa ~

Syzigium spp-
GROUP - E

Aesculus punduans

Amoora rcohituka

Cinnamomun tamala

Engelhardtia spicata

Ticus spp.

Kydia calycina

Madaranga Spp-.-

Ostodes paniculata

Rhododendron Spp.

Symplocos sSpicata

vitex:'heterophylia

Miscellaneous Spp.
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-

7.2 An abstract of number of trees'per ha (for each
coniferous specier and broad leaved species in groups) -
separately for each type are given in the following table.
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74245 The diameter class-wise distribution of stems of
coniferous species in each type was compared with correspon-
ding figures for normal forest from yield tables -~fter
applying suitable reduction factcrs. Since yicld tables are
for pure crops and coniferous species occur in mixture in
Project area, the figures had to be reduced in proportion to
their basal areas. For broad leaved species, a general study
of "their distribution was made because yield tables are not
available for quantitative comparison. The distribution com-
parison with Phase I is given in the following table:

Table

COMPARISON OF PER' HECTARE DISTRIBUTION OF
STEMS IN DIFFRRENT FOREST TYPES IN
PHASE I & PHASE IT & ITT

Férest Type

Species No.of stems/ha
Phase I Phase IIg 11T
6ﬁif— Chir -Below 30 cm dia 21.283 7777
Above 30 em dia .50.370 33.225
Total 101.653 110.999
Kail Kail Below 30 cem dia - 303.617 165.059
Above 30 cm dia 18.073 25,625
Total * === ~321.690 190.684
FPir & Spruce Fir & Below 30 cm dia 77.321 103 .586
Spruce
Above 30 cm dia 94,207 115.405
Total 171.528 218.991




in

Forest Type Species No. of stemc/ha
Phase I Phase II & TII
Mixed Conifers Coniféfs Below 30 cm dia 192.076 166.514
Above 30 cm dia 63.119 71.926
Total 255.195 238.440
Broad- Below 30 cm dia 361.766 530.288
leaved
Above 30 cm dia 15 .84k 21.139
Total 377.610 551.423
"Totalf -éelow 30 cm diép 553.842 696 .802
Above 30 em dia  78.963 93 .061
Total 632.805 789.863
Conifers mixed Conifers Below 30 cm dia 198.652 48,233
with Broad-
leaved Above 30 cm dia  L40O.8uk 35.695
Total T 239,496 83.928
- Broad- Below 30 cm dia 360.178 081 .768
leaved
’ Above 30 cm dia 57.05% 62 .084
Total | 417.232 1043 .852
'Total  Below 30 em dia 558.830  1030.001
Above 30 cm dia  97.898 97.779
Total 656.728 1127.780
Hardwood Conifers Below 30 cm dia  16.670 1.075
Above 30 cm dia 5.868 1.562
Total 22.538 2.637
Broad-  Below 30 cm dia 652.489 595 478
leaved
Above 30 cm dia 97.348 81,515
Total 749,837 676.993
tTotal! Below 30 cm dia 669.159 596.553
Abcove 30 cm dia 103.216 83.077
Total 772 -375 6790630
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7.2.6 The following general inferences may be drawn:

(i)

(ii)

(iii)

(iv)

(v)

(vi)

In "Chir type" the overall stocking-of Chir is
deficient and lower diameter classzs are poorly
represented. :

In "Kail type", the distribution and overall
stocking of Kail is unsatisfactory.

- The area under 'Kail' in Phase II and IIT
1s however Insignificant - 1.8% of total
forest area. The corresponding figure for
Phase I 1is 10.04%. .

In "Fir and Spruce! type occurrence of mature
and overmature trees of F'r and Spruce is
appreciable but proportion of stems in lower
diameter classes is low.

- QOccurrence of other conifers (XKail, Tsuga,
Junipers) in this type is insignificant.

- Among broad leaved species Rhododendron
occurs in large number constituting L49.3%
of total number of stems occurring in the
type. Trees .of this species above 60 cm
dia are however not found.

e -
®

- Betula and Acer are among thétotger impor-
tant broad Teaved species which>occur in
this type. s -

P

In 'Mixed Conifers type™" Tsuga and Junipers
mostly occur among the coniferous species and
their distribution is satisfactory. Rhododendran
is the most dominant among broad leaved species
in this type also constituting 26.8% of the
total number of stéms. .

In "Conifers Mixed with Broad Leaved type't
Picea, Larix 'and.Cupressus are totally absent.

- Other conifers do occur but their rumber par-
ticularly in lower diameter classes is very
small.

- Except for Acer, Betula and Castanopsis none
- of the broad Teaved species of known economic
importance are found in the type.

- The maximum number of stems are of Rhododendron
and miscellansous species which constitute
31.3 and 45 .7 respectively of total number.

In "Hard Wood type" occurrence of conifercus
Species is almost negligible, Overall stocking
and distribution of broad leaved species are
satisfactory.
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7.3.1 VOLUME TABLES

4

As explaired in First Report (p. 43), general and local
vélume tables were constructed for chir, fir tsuga, larix,
kail, spruce, birch, maple, juniper, oaks and miscellaneous
hardwoods. For this report:1,239-trees.of different species,
in different diameter classes (above 10 _cm dbh (ob) were
selected at random, not only in the area but also in the
southern belt. . Details of trees felled are.given in para

2.2.1 of 'Volume II. This was done ts construct well represen-
ted General Volume Tables for the'various species and also to
obviate thé nece551ty of further £ﬁlllngs' for’ ‘Phase IV area
for the construdtion nf Genéral Valume: Tablesi=-The procedure
adopted for conducting, volume, studieq, data processing and
details of volume egliatiors, used havefbegn described in
Chapter II & IV of Volume II. e
7.3.2 The felled tree* data colleeted for Phase I and colle-
ctéd now for Phase II_&-FIF=has -been used-.for construction of
Generdl Volume Tables by mergirng 3dnd.reprocessing where
necessary. The Gereral Volume Tables derived now can be used
for whole of -Bhutan. 3 L
7d. 1 GENERAL ‘VOLUME TABLES .

The data base used for construction- of General Volume
Tables for different species is as follows: ! 3

e
e

A. Species for which merged data of Phase I &
Phase TT & ITT has been used.

4 1. Plnus roxburghii

2. Picea spinulosa

3. Abies densa

L. Acer species
T 3
The general volume tables for these species are given
.in APPENDICES 3.1 to 3.4 °

+

B. Species for which felled tree data from'
Phase II & III has been used:

ﬁu Castanopsis spp.

6. Michelia spp.

7. Terminalia myriocarpa

8. Phoebe goalparensis

9. Amoora rohituka
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10. Ailantus grandis

11. Tetrameles nudiflora

12. Machilus spp.

13. Symplocos spicata

14%. Salmalia malabaricum

15. Sterculia wvillosa

16, Engelhardtia spicata

These species were differentiated for this report
because of their economic importance and wide occurrence in
the area and Phase IV. No data had been collected for these
species in Phase-~] due to comparative sparse distribution.
They were lumped in 'Miscellaneous hardwoods! in Phase-T.

General Volume Tables of these species are given in
APPENDICES 3.5 to 3.16.

C. Species for which Phase-TI. General Volume
Tables have been used:

17. Pinus wallichiana

-

18. Tsuga bruncniana

19. Quercus species

20. Betula species

21. Miscellaneous hardwoods

These species occur sparsely in Phase IT & TIT and
their felling was not considered necessary. For Rhododendron
species which occur abundantly in Phase ITI & III, 1t was con-
sidered necessary to have separate local voliume tables.

These were based on general volume table of "Miscellaneous
hardwoods .1

The general volume tables for these species are
.8lven in APPENDICES 3.17 to 3.21,

7.5.1 LOCAL VOLUME TABLES

The data base for canstruction of Local Volume Tables
was as follows for different species:
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A Species for which sample tree data of
Phase 1T & ITT was used.

1. Pinus roxburghii

>, Abies densa

=

. Acer spp.

. Castanopsis sSpp.

. Machilus spp.

. Symplocos spicata

2
3
L
P 5. Michelia spp.
6
7
8

. Pinus wallichiana

9. Tsuga brunoniana

10. Quercus species
11. Betula species

12. Rhododendron spp.

13. Miscellaneous hardwoods

For Rhododendron spp. and Miscellaneous hardwoods
sample tree data collected for this report was used for
construction of Local Volume Tables.

B. Species for which felled tree data and
gample tree data were used because sample
tree data was not considered adequate:

14, Picea spinulosa

15. Phoebe goalparensis

16. Engelhardtia spicata

7.5.2 The Local Volume Tables derived are given hh the
following table. Data for other species was not considered
adequate for construction of Local Volume Tables.
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7.6.1 VOLUME PER HECTARE

. The underbark volume of each tallied tree was computed
from local volume equation. The computation of volume per ha
by species and diameter classes and total volume per ha irres-
pective of species and diameter classes was done by using
volume of each tallied tree.

7.6.2 The volume per ha by species and diameter classes for
each forest type or a group of forest types was assessed from
the estimates of all sample points falling in that type.

7.6.3 The distribution of volume per ha by species and dia-
meter classes, above 10 cm diameter, in different frest types
are glven in APPENDICES 4.1 to L4.6.

7.6.4 An abstract of volume per ha for each coniferous
Species and broad leaved species in grouvs, separately for
each forest type is given in the following table:
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7.6.5 The figures of volume per ha as given in APPENDICES Y%.1
to 4.6 were compared with those of normal growing stock from

yield tables after applying necessary reduction faictors as
deseribed in para 7.2.5. Comparison was also done with corres-
ponding figres of Phase I-area. In doing so volume of trees

of 5-10_ cm diameter class in Phase I was ignored because volume
-under this class has not been computed for this report.

7.6.6 The following inferences may be drawn:

(1) In "Chir Type', chir constitutes 86.4% of the
total growing stock which is much higher than
corresponding figure 70.1% in Phase I.

- The volume of Chir is maximum in 40-50 and
50-60 cm diameter classes.

- The volume per ha in this type (91.451 m) is
low but is higher than that of Phase I area
(80.940 m3).

(i1) In “Kail Type", volume of Kail is 70.706 m> per
ha and is 71.2% of the total volume. ng corres-
ponding figures for Phase I are 47.315 and

- d »

- The pfoportion of Spruce and Tsuga among
conifers is adequate.

-~ Other conifers and broad leaved species do
not contribute much tc thHe growing stock.

- The volume of conifers is high in middle
diameter classes (30-40, 40-50 and 50-60 cm).

- The total volume (99.263 m3 per ha) though
- low is much higher than that of Phase I area
(66.838 m3 per ha).

(111) 1In "Fir and Spruce Type", Fir contributes
maximum volume (83.0% of the total volume).

- The volume of coniferous species in higher
diameter classes (above 40 cm) is quite high.-

- The statement given below indicates that
volume (total and of conifers) is much higher
in this area when compared with that of
Phase T area:

Phase I Phase IT & IIT

m3/ha m3/ha
Total Volume 352.683 449,055
Volume of coni- 307.538 397 .475

ferous species



(iv)

(v)

(vi)

S T

In “"Mixed Conifers Type', Tsuga contributes
miximum volume which is 53.% of the Za3tal..

The volumes of conifers and broad leaved
species are 83.9 and 16.71 percents respect-
ively. ,

The volume in higher diameter classes for
coniferous spp. is quite appreciable.

The comparison of stockings with that of
Phase I area is as under:

Phase T Phase IT & IIT

m3/ha m3/ha
Total volume 269.110 337.522
Volume of coni- .
ferous species 222,520 283.119

In '"Conifers Mixed with Broad Leave Type', the
percentage by volume of conifers is 46.5 which
is lesser than that of Phase I area (49.4%).

Among conifers Tsuga and Abies contribute
maximum volume.

Total volume (conifers and broad leave taken
together) is maximum (26.3%) in 80 cm and
above diameter class.

The contribution of lower diameter classes
i.e. 10-20 and 20-30 cm is also quite appre-
ciable (28.6%).

The total volume per ha (299.253 mo) is
higher than that of Phase I area (238.871 m3).

In "Hard Woods Type', the volume contribution of
conifers is almost negligible (3.0% as compared
to 8.3% in Phase I area).

-

Total volume (234.787 o per ha) in this type
is also low in comparison to that of Phase I
area (267.967 m3 per ha).

The contribution of 80 cm and above diameter
class is maximum (23.2%).
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7.7.1 TOTAL VOLUME AND PRECTST ON

Total volume and precision derived for =zach type are

given in the following table:

Table

TYPE-WISE TOTAL VOLUME WITH ERROR PERCENTAGE

Sl.No. Forest Type Total Volume standarad
(000 m3) Error %
1. Chir 6843 .3 7 .68
2. Kail * 1649.2 21.71
3. Fir & Spruce 46889.3 3.83
L. Mixed Conlifers 15082,9 8.02
5. COnifersrmixed with 30134.,2 9,90
broad leaved
6. ‘Hardwoods 113377.9 3.16
All Forest Types 213976.8 .~ 2.4Y4

* The area under this type is only 1.8% of
the total forest area. Very few (6#) sample

points were taken ih this type.

7.8.1 TOTAL GROWING STOCK

APPENDICES 5.1 to 5.6 show the estimated total volume

by species and diameter classes in !000!

nl

in & fferent forest

types. Diameter class-wise break-up of this total growing
stock is given in APPENDIX 6.1. The following table gives an
abstract of total estimated growing stock by species and

species groups for the entire area.
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Table
TOTAL GROWING STOCK IN SURVEY ARBA
000" T
Species Growing stock %

1 L 2 3
Abies densa L6304 .3 21.6
cupressus Spp. 116.8 r.1
Juniperus Spp. 890.6 0.4
Larix griffithii 41.6 -
Picea spinulosa 2661 .1 1.2
Pinus roxburghii 7724 .2 3.6
Pinus wallichiana 2600.7 1.2
Taxus baccata 1237.6 .6
Tsuga brunoniana 17279.7 8.1
TOTAL FOR CONIFEROUS SPP. 78856 .6 36.8
Betula 3pp. 7536.6 3.5
Juglans regia | 124 .4 0.1
Michelia spp. 5043 .1 2.4
Morus laevigata L29.1 0.2
Phoebe goalparensis _ 1006.0 0.5
Terminalia myriocarpa | 176.2 0.1
TOTAL GROUP 'A' (BROAD LEAVED) SPP. 14315 .4 . 6.8

Contd...
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1 2 3
Acer spp. 7327.6 3.4
Ailantus grandis 90.5 -
Altingia excelsa - 768.9 0.4

" Amoora wallichii 99.4 -
Cedrela spp. 507 4% 0.2
Cinnamomum cecicodaphne L13.6 0.2
ﬁuabanga sonneratioides 166.1 0.1
Phoebe hainesiana - 1440.3 0.7
Salmalia malabaricum 123 .3 0.1
Schima wallichiil ?256.3 1.1
Tetrameles nudiflora 25.0 -
TQTAL GROUP 'B' (BROAD LEAVED) SPP. 13218.4 6.2
Acrocarpus fraxinifo\lius 64 .9 -
Albizzia spp. 318.0 0.1
Ainus . PP 1855 .2 0.9
Bucklandia populnea 728.9 0.3
Castanopsis spp. 2939.1 1.4
Machilus spp. 70M7.6 3.6
TOTAL GROUP 'C' (BROAD LEAVED) SPP. 13653.7 * 6.3
Bischofia javanica 114,.3 -
Garuga pinnata 170.1 0.1
Lagerstroemia parviflora 108.n -
Populus spp. 143.8 0.1
Prunus sppo. 157.9 0.1
Pterospermum acerifolium 72.0 -
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7 2 3

Quercus SpP. 36743.7 17.2
Sterculia villosa 206,.6 0.1
Syzigium spp. 157 4 Q.1
TOTAL GROUP 'D! (BROAD LEAVED) SPP. 37873 .8 17.7
Assculus punduana 906.1 0.4
Amoora rohituka 210.6 0.1
Cinnamorazn tarala 413 .1 0.2
Fngelharditia spicata 1081.3 0.5
“icus S7rP. ) 1199.9 0.6
¥ydia calycina 155 .0 0.1
Vacarzigad SPP. 707.5 0.3
rstodes paniculata 3707 0.2
Rhododendrcn spo. 1129C.5 5.3
Symplocos spicata 119%.5 0.5
Vvitex heterophylla ' 86.7 -

Miscellaneous Spp. 38443 .3 18.0
TOTAL GROUP 'E! (BROAD LEAVED) SPP. 560593.2 * 26.2
Total ﬁroag leaved sSpp. 135120, 5 * 63.2
Totzl for cnnifers & broad leaved 213977.1* 100.0

SPP.

= pifference as compared to Appendix 6.1 is due to
the rounding off.
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7.8,2 The species-wise estimate of total growing stoeck in
different catchments is given in APPENDTYX 7T

7e9.1 CULL

'Cull' as used in the Report includes not onily holl-
owness but all the defects like knots, callus formation,
twisted or spiral grain and damage by pathological, entomolo-
gical, climatie or biotic agencies including fire., In order
to assess the occurrence of 'ecull! and the degree of cull
in different species, data was collected from trees felled
for Volume Studies. (Please refer to Field Manual of Volume
& Cull Studies). cull data collected for Juniperus spp.,
Larix griffithii, pinus wallichiana, Tsuga bruncniana, Betula
S5pp. s QUercus spp., and Miscellaneous hardwoods, in Phase T
fellings was used, as fellings of these Species were not done
for this Report.

The percentage of trees having cull, irrespective
of the guantum of 'cull', in different species was found to
be as under:
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Species Percentage of Remarks
trees having
cull

Abies densa 75 .8

Juniperus Spp. 56.0 Figure of percentage of

cull taken from Phase T
report.

Larix griffithii. 51.2 —-do-

Picea spinulosa 30.6

Pinus roxburghii 19.3

Pinus wallichilana 17.9 From Phase I report.

Tsuga brunoniana 37.2 -do-

Betula spp. 48.0 -do-

Michelia spp. 85 .1

Phoebe goalparensis 91.2

Terminalia myriocarpa ® 75.0

Acer spp. 84.9

Ailanthus grandis 79.6

Salmalia malabaricum a0 .2

Tetrameles nudiflora 67 1t

Castanopsis sSpp. 70.7

Machilus Spp. 91.0

Quercus Spp. 62 .6 Prom Phase I report.

Stereulia villosa 97 .3

Amoora roaituka 79.2

Engelherdtia spicata 67.5

Symplocos spicata 69.6

Miscellaneous hardwoods 56.0 From Phase I report.
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7.9.2 cull factors were derived from detailed measurements
on1 the felled trees of different diameter classes. These are
shown as cull volume expressed as percentage of total gross
volume (under bark) in Appendix 8.1. Phase I cull factors
have been used for Pinus wallichiana, Tsuga brunoniana, Quercus
species, Betula species, Juniperus species, Larix gri ffithii
and misc. hard woods. For Cupressus species and Taxus baccata
average Phase IT & III figures of all the conifers except

Abies densa have been used.

7.10.1 NET GROWING STOCK

The net growing stock for different species and
speries groups in all forest types, over the entire survey
arca, after deduction of cull, works out as under:
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Table

GROSS AND NETU TOTAL VOLUME BY SPICIES

000! M
Specles gﬁiiie V%Ellir]ﬂe vO}iTi;le Pi?: ifﬁige
1 2 3 L 5
Abiles densa L6304.3  15879.9 30u2h.kh 343
éupressus SPP. 116.8 5.0 111.8 .3
" Juniperus SPP. 890.6 231.6 659.0 26.0
Larix griffithii - L1.6 0.4 L1.2 1.0
Picea spinulosa 2661.1 596.1 2265 .0 14 .9
Pinus roxburghii 7724 .2 167.1  7557.1 2.2
Pinus wallichiana 2600.7 54 .3 2546 L+ 2.1
Taxus baccata 1237.6 85 .5 1152 .1 6.9
Tsuga brunoniana . 17279.7 g2n.6 16355 .1 5
Total conifers TagRe.s  Appm.s 61112.1 22.5
Betula spp-. 7536 .6 298.2  7238.4 4.0
Miche.la SDP. 5043 .1 65.6 L977.5 1.3
Phoebe goalparensis 1006,0 33.9 972 .1 3.4
Terminalia myrioccarpa 176 .2 2.3 173.9 1.3
Rest of the Group tAl 553 .5 110.1 b3 L 19.9
species il b
Total Group 'A' SDPD. 14315 .4 5410.1 13805.3 3.6
Acer SppD. 7327 .6 Ie) Y 6923 .1 5.5
Ailantus grandis 90.5 1.3 89.2 1o
Salmalia malabaricum 123.3 2.4 120.9 1.9
Tetrameles nudiflora 25 .0 1.1 23.9 PR ES
Rest of the Group 'B' 5652.0 1055.7 4596.3 18.7
species  mmmmmsommsomessomssSmsomooTEomTOmmTIO
Total Group 'B! spp- 13218 .4 1465 .0 11753 . 11.1

-—_-——..-——---—....__.——_———-——.—_————-..-—.—————.—_—

Contd...
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Contd..

1 2 3 L 5
Castanopsis spp. 2939,1 124.6 2814.9 4,2
Machilus spp. 7747 .6 722 .6 7025 .0 9.3
Rest of the Group 'C' 2967.0 478.3 2488.6 16,1
speciesS. === eemeem e e
Total Group 'C' sSpp. 13653 . 7% 1325.5 12328.1 9.7
Quercus spp. 367M43.7 3647.9 33095.8 9.9
Sterculia villosa 206.6 19.2 187 .4 9.3
Rest of the Group 'D' = 923.5 132.9 790.6 4.
species. === eememeemmmcmee e m e e
Total Group 'D' sSpp. 37873 .8 3800.0 3L4073.8 10.0
Amecora rohituka 210.6 9.6 201.,0 4.6

_ Engelhardtia spicata 1081.3 ?3.# 1057.9 2.2
Symplocos spicata 1194 .5 20.3 11742 1.7
Rest of the Group 'E' 53572.8 7025 4 L6547 . % 13,1
species === eemmmmmem e mmrcm e e
Total Group 'E! spp. 56059.2%  7078.7 48980.5 12.6
Total Broad leaved spp.135120.5¢ 14179.3 120941 .1 10.5
Total Broad leaved
and Conifers 2139727.1% 31923.8 182053 .2 14,9

#* Difference as compared to Appendix 6.1
is due to rounding off adjustments.



74117 BARK VOLUME

Bark percentages were derived from the felled trees
data. Data of Phase I was used for four species and one
species group for which no fellings were done. Figures of
Phase T have been used {for Larix griffithii also. Average
figures of all conifers except Chir, have been adopted for
Cupressus spp., Taxus baccata and Juniperus spp.

7.11.2 Bark volume expressed as. percentage of under bark
volume by species and diameter classes has been given in
APPENDI X 9.1.

7.11.3 The total bark volume for different species works
out as:



Table
TOTAL BARK VOLUME FOR DIFFERENT SPECIES
1000 w3
Species Gross wvolume Bark volume
i P 3
Abies densa 46304.3 6707.3
cupressus Spp. 116.8 19.2
Juniperus spp. 890.6 152.5
Larix griffithii 41.6 10.1
Picea spinulosa 2661.1 366.2
Pinus. roxburghii 7724 .2 1207 .4
Pinus wallichiana 2600,7 308.5
Taxus baccata 1237.6 196.9
Tsuga bruncniana 17279.7 2822.0
Total conifers T o8856.6 11790.1
Betula épp. 7536.6 942 .8
Michelia Sop. - 5043 .1 6143 .1+
Phoebe goalparensis 1006.0 125.7
Terminalia myriocarpa 176.2 23.3
Rest of the Group 'A! spp. 553.5 79,5
Total Group 'A' species '"QggIgf; --------- ;é;a:;ﬁ-_—
Acer spp. 7327.6 887.6
Ailantys grandis 50.5 11.3
Salmalia malabaricum 123.3 30.5
Tetrameles nudiflora 25.0 3.3
Rest of the Group 'B' spp. __5652.0_________ 861.3____
Total Group 'B! species 13218.4 1794%.0

Contd...
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Contd....

3 5 'é
Castanopsis spp. 2939.1 1020.3
Machilus spp. 7747 .6 1057 .3
Pest of the Group 'C' spp. 2967.0 L56.6
Total group 'C' species 13653 .9* 2534.7
Quercus S"p. 36743 .7 649 .1
Sterculia villosa 206.6 52.1
Rest of the Group 'D' spp. 923 .5 14 .1
Total Group 'D' species 37873 .8 6645 .3
Amoora rohituka 210.6 26.8
kEngelhardtia splcata 1081.3 13%.2
Symplocos spilcata 1194.5 161.6
Rest of the Group 'E' spp. 53572.8 8398.7
Tetal Group 'E'! species 56059 .2% 8721.3
Total Broad leaved spo. 135120.5* 21510.0

PP p———— P Sintadiadien e

Total for broéd leaved
and conlfers. 213977 .4 33300.1

« Difference as compared with Appendix 6.1
is due to rounding »off adjustments.
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CHAPTER~VITT

RATE OF GROWIH

8.1.1 INCREMENT

The periodic increment for coniferous species was
assessed on the basis of STF (Sample Tree Form) data. ©During
ground sampling radial increment at breast height of conifer- -
ous sample trees was recorded for the last 10 years and
20 years respectively. On these basis, annual increment
percentages of basal area for each diameter class for the last
10 years and again for 10 years previous to that were calcula-
ted for Abies densa, Picea spinulosa, Pinus roxburghii, Pinus
wallichiana and Tsuga brunoniana, The mean of the two has been
taken as annual increment percent. The increment figures of
Phase I report have been used for Larix griffithii. The details
for computation are given in para k.73.% and 4.713.5 of Volume II.
Since adequate data was not available for other eoniferous
species and increment figures were not computed for Phase T,
the figures of Abies densa (having minimum increment among
coniferous species) were adopted for these species.

B.1.2 In the absence of any additional data, the figures

of annual increment percentages -of_basal area arrived at for
Phase I report for broad leaved species have been used for this
report. The figures for var.ous groups of breocad leaved species
(as described in para 7.2.3) have been adopted on the assump-
tion that increment behaviour of all the species Included in

a group is similar. Since increment data of none cof the
species in group B and E were zvailable, the figures of Group D
(Quercus spp.) which has minimum increment have been adopted
for-B and. E- groups.

8.1.3 The basal arca annual increment percentages for trees
of different species and group of species in different diameter
classes are given in the following table. T
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8.2.1. CROP BASAL AREA TNCREMGENT

The basal area (per ha) figures for different species
and groups of species are given in Appendices 10.1 to 10.6. The
tree basal area increment percentages (table in para 8.1.3)
‘have been converted into crop basal area increment percentages
by gilving weightage to basal area in each diameter class, for
all the species and species groups in each forest type.

g.2.2 The crop basal area increment percentages are given
in the following table,
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8.3.1 PERICDIC ANNUAIL TNCREMENT

The crop basal area increment percentages =21lso repre-
sent volume increment percentages for different species and
species groups in different forest types. The periodic annual
increment per ha by species and forest types, calculated from
per ha volume figures (para 7.6.4) are given in the following
table.



£2

Table

PERICODIC ANNUAL INCREMENT / HA BY FOPEST TYPES

Forest Species Spacies Volume/hs  Crop PAT /ha.
Type Group pe (m3) volume (m3)
T increment
percent
CHIR Conifers Pinus roxburghii 78.993 1.96 1.5L8
A Michelia spp. 0.189 1.27 0.002
B Duabanga sSonnera- 0.288% 0.009
tiOideS )
Salmalia malabaricum 0.1873 3.00 0.006
Schima wallichii 0.779) 0.023
Total Group B 1.254% 0.038
C Albizzia spp. 0.362) 0.014%:
) 3.95 -
Castanopsis Spp. 2.5 ) 0.101
Total Group C 2.906 0.115
D Quercus spp. 3.618) 0.091
) 2.51
Sterculia villosa 0.125) 0.003
Total Group D 3.743 0.09%
E Ficus spp. 0.239% 0.010
Macaranga Spp. 0.119% Y .36 0.005
Rhododendron spp. 1.721% 0.075
Miscellaneocus spp. 2.287) 0.100
Total Group E b .366 0.190
Total Broad leaved spp 12458 0.439
Total Conifers and
Broad leaved sSpp. 91 .45 1.987

Contd. - a
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Contd..
Forest Species . Volume/ha Crop PAI /ha.
Type Group SPECl?S A (m3) volums (m3)
increment
percent
KATL Conifers Pinus wallichiana 70.706 2.74 1.937
Larix griffithii 0.299 1.01 0.003
Picea spinulosa 10.402 2.57 0.267
Tsuga brunoniana 5.452 1.51 0.082
Total Conifers 86.859 2.289
Betula spp. 0.561 7.20 0.040
B Acer spp. 1.245 5.66 0.070
D Populus Spp. 0.281) 0.006
) 2.19
Quercus sSpp. 6.580) O.1uL
Total Group D 6.861 0.150
E Rhododendron $pp. 0.838) 0.036
) L4.29
Miscellaneous spp. <2.899) 0.124
Total Group E 3.737 0.160
Total broad leaved
Spp. 12404 0.420
Tbtal conifers &
broad leaved spp. 99.263 2.709
"FIR & Conifers Abies densa 372..821 0.74 2.759
SPRUCE .
Picea spinulosa 9.559 1.76 0.168
Pinus wallichiana 0.350 3.81 0.013
Tsuga brunoniana 11.756 0.53 0.062
Cupressus Spp. 0.2553 . 0.004
1.61
Juniperus spp. 2.734 ) 0 .04k
Total conifers 397.475 3.050

Contd...
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Forest, Species Volume/ha Crcn pAT /ha
TYpe Group SpeCies Cm3) Volume CHIB )
increment
percent
Betula spp. 12.901 3.68 0475
B ACer Spp. 6.384% 4.93 0.315
Prunus spp. 0.804% 5.93 0.048
B Rhododendron spp. 20.269; 5.6 1,141
.63
Miscellaneous SpPp. 11.222 ) 0.632
Total Group E 31.491 1.773
Total breoad leaved
Spp. ’ 51.580 2.611
Total conifers and
broad leaved spp. L49.055 5 .661
MIXED Conifers Abies densa 35 .524% 0.65 0.231
CONIFERS
Larix griffithii 0.819 0.48 0.004
Picea spinulosa 31.061 1.17 0.363
Pinus wallichiana 17.525 1.73 0.303
Tsuga brunoniana 181.901 0.75 1.364%
Cupressus Spp. 2.016% 0,031
Juniperus Spp. 9.6&6% 1.55 0.150
Taxus baccata L.627) 0.072
Total crnifers 283.119 2.518
A Betula spp. 11.736 3.82 0.448
B Acer Spp. 10.95L 3.69 0.400
C Alnus spp. O.hBEg 5.0" 0.043
Machilus Spp. 0.290) ) 0.026
Total Group C 0.772 0.065*

Contd...
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Forest Species Volume/ha Crop

increment (m3)
percent
D Populus spp. O.2hh3 0.006
Prunus spp. 0.6983 2.21 0.016
Quercus spp. © 2.350) 0.054
Total Group D 3.292 0.076
E Aesculus punduana 0.257 0.013%
Cinnamomum tamala 0.596 0,029
Rhododendron spp. 15.078 4 .85 0.731
Symplocos spilcata 0.686 0,033
Miscellaneous sSpp. 11.032 0.535
Total Group E 27.64.9 1.341
Total broad leaved 54%.403 2.334
SpPPp.
Tobtal conifers and
broad leaved spp. 337.552 4 .852
CONIFERS Conifers Abies densa L5 .68 0.7 0.338
MIXED
WITH Pinus roxburghii 14 .402 2.54 0.366
BROAD -
LEAVED Pinus wallichiana L .78 1.49 0.067
Tsuga brunoniana 66.851 0.58 0.388
Juniperus Spp. 0.964% ) 8 0.009
. 0.89
Taxus baccata 6£.898) C.061
Total conifers 1239.274 1.229
A Betula spp. 31.183 3.19 0.995
B Acer spp. 25.895 3.87 1.002
C Castanopsis spp. 5.596 2.93 0.164%
D Quercus Spp. .37 0.94 ‘ 0.135

Contd. ..



Contd..

Forest Species . Volume/ha Crop F\I/ha
Type . Groun Species ( m3 ) Volume. ¢ m3 )
increment
percent
E Aecculus punduana 0.938) 0.045
Rhododendron spp. 36.726; L4 .79 1. 74
Miscellfineous spp. U45.266) - 2.150
Totui Group E 82.750 3.939
Total broad leaved 159.979 6.235
Spp.
Total econifers and 299.253 7 464
brcad leaved spp.

HARDWOODS A Betulz sop. 5.208 ) 0.119
Juglans regia 0.258% 0.006
Michelia spp. 10.#14% 0.239 =
Morus laevigata 0,888% 2.29 0.02C i
Phoebe goalparensis 2,082) 0.048
Terminalia myriocarpa 0.365 ) 0.008
Total Group A 19,215 0.540

B Acer spp. 7.336; 0.129
Ailantus grandis 0.1873 0.003
Altingia excelsa 1.560) 0.028
Amoora wallichii 0.2053 0.004
Cedrela spp. 1.051) 0.019% ~
Cinnamomum gecicoda- 0.856) 1.76 0.015

rhne
Durbanga sonneratioi- 0.299% - 0.005
des 3
Phoebe hainesiana 2.981% 0.052
S=tmalia malabaricum 0.226; 0.00Y4
Schima wallichii h.SSBg 0.080
Tetrameles nudiflora 0.052) 0.001
TOtal GI‘ ﬁup B 190336 003}']'0

Contd...
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Contd.. - BT -
Forest Species . Volume/ha Crop PlI/ha
Type Group Species (m3) Volune (m3)
increment
percent
C Acrocarpus fraxini- 0.1343 0.005
folius !
Albizzia spn. 0.60?% 0.023
Alnus spp. 3-797% 0.147
Bucklandia pnpulnea 1.509) 3.86 0.058
Castanopsis spp. L.524 ) 0.17%
)
Machilus spp. 16.017) 0.618
Total Group C 26.583 1.026
D Bischofia javanica  0.237) 0.00%
) .
Garuga pilnnata 0.352) 0.006
Lagerstroemia, parvi~  0.223 ) 0.00%
flora )
Populus Spp. 0.2653 1.82  0.005
Prunus spp. 0.088§ 0.002
Pterospermum aceri- 0.1503 0.003
f'olium )
Quercus spp. 72.090) 1.312
Sterculia villosa’ o.uogg 0.007
Syzigium spp. 0.325) 0.006
Total Group D 74.139 1.349
E Aesculus punduana 1.657 3 0,053%
Amoora rohituka 0.437 % 0.014
Cinnamomum tamala 0.801 % 0.025
Engelhardtia spicata 2.24L0 g 0.071
Ficus spp. ' 2.448 % 3.16 0.077
Kydia calycina c.321 % 0.010
Macaranga spp. 1.448 ) 0.046



Contd... -

Forest Species C Volume /ha Crop PAT /ha

Type Group Speciles ( m3 ) T"olume (m3)

ncrement
nercent
Ostodes paniculata 0.767% 0.024%
Rhododendron spp. 9.6%9% 0;305
Symplocos spicata 2.#12; 3.16 0.076
Titex heterophylla 0.180) 0.006
: )
Miscellaneous spp. 66.272 ) 2.094
‘Total Group E 88.632 2.801
Conifers Abies densa 2.460 0.54% 0,013
Picea spinulosa 0.212 1.2% 0.003
Pinus roxburghii 0.750 1.34% 0.010
Pinus wallichiana 0.322 2.12 0.007
Tsuga brunoniana 2.281 0.57 0.013
Juniperus spp. 0.160) 0.001
) 0.76

Taxus baccata 0.697) 0.005
Total conifers 6.882 0.052
Total broad leaved 227.905 5.956
species
Total conifers and 234.787 6.008

broad leaved spp.

* These figures have been adjusted to avoid contradiction
with the figures of the group total.



8.k .1 ROTATION

The exploitable diameters for conifers and broad leaved
species considered suitable are 60 cm and 4O c¢m respectively.
These have been proposed after studying the present utilization
patterns. The same diameters were adopted in Phase I report
also.

8.2 The ages corresponding to these diameters as read from

age-diameter curves from Phase I and/or Phase IT & IIT data
are given in the folleowing table:

Table
ROTATION AGE FOR DIFFERENT SPECIES

Species Age to reach Rotation
exploitable (in years)
sizes(in years)

Abies densa 163 160
Larix griffithii 232.0 160
Picea spinulosa 173 ‘ 160
Pinus roxburghii 765 90
Pinus wallichiana 144 .0 140
Tsuga brunoniana 166.0 ) 160
Juniperus spp. 242 .5 160
Taxas baccata 213.5 160
Cupressus Sspp. - 160
Betula spp. X + 55 - 80
Populus Spp. X + 48 80

QUEercus sSppa. X + 91,6 80




8.3 For broad leaved species the correct age {denoted by
.1X' in the table above) of the crop at the time of formation
of sample plot was not khown, it was not possible to estimate
correctly the age corresponding to the exploitable size.
Hence a common rotation of 80 years which is on higher side
for all the broad leaved species, except Quercus spp., is
considered suitable. The management for QJaks will ultimately
aim at maximum volume production and a shortér rotation of

80 years for tﬁbge species be a step in the right direction.



9.1.1

- Q-“_

CHAPTIR - IX

ACCESSIBLE GROWING STOCK

CRITIRIA FOR OPFRABLE/INOF RABLE CLASSES

The criteria for present classification of forests

into physically operable and inoperable categories, were

again discussed with the Forest Department of Royal Government
of Bhutan with reference to Phase II & III areas under survey.
The Director of forests, Forest Department, Royal Government
of Bhutan did not propose any change in the criteria for the
present classification, and rightly so, because hardly any
significant development had taken place in the transportation
methods or facilities™~and other factors affecting the physical
or economic accessibility of forest areas under survey.

9.2.1

The following criteria have been used for classifica-

tion of forests into physically operable and inoperable forests:

9-3.1

1. Torest areas above 000 metres elevation have
been classified as inoperable. They will remain
so for quite some time.

2., Forest areas above 6£0° slope have also been
classed as inoperable since working in such
areas will be extremely difficult.

3. Forest areas under Wildlife Sanctuaries and
National Parks have also been classified as
inoperable as no commercial forest working is
to be permitted in these areas.

k., There are no areas in the area under sSurvey,
which have to be excluded on accowmnt of their
proximity to borders of Bhutan. Such areas
have been excluded while selecting the areas
for survey.

QPFRAELE AREA

Areas of forests situated above L. 000 metres elevation

and forest areas having slopes above 60° (but situated below
4000 metres elevation) were calculated on the basis of propor-
tionate weightage to the inventoTy sample points falling in
these areas. Areas of Game Sanctuaries and National Parks,
were calculated from the map sheets.
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9.,3.2 The following table shows inoperable and operable
forest areas, calculated on the above basis:

Table

Inoperable and operable tree fTorest area

v ha
o Inoperable/Inaccessible
g %rea R
;_.ﬁ:‘ [oB H =]
Forest Type S| o ORI - &
s Swm|e oAdA0 é
[0} < (o e S+
L o (@] o Q o O~
55 2EISE8 S 3| 3
Se | SEIGEe |5 £ B
ﬁ H o % t!j = :E:' EFSO I:—io =~
58| 85|3528(538 2
[ 29 M odd|= oF S
Chir 74,829 - 9,782 - 9,782 65,047
Kail 16,615 - 260 - 260 16,355
Fir-Spruce 1,004,418 3,018 3,022 1,057 7,097 97,321
Mixed Conifers W 687 - 812 365 1,177 43,510
Broad leaved -
mixed with 1,00,697 - - 26 26 1,00,671
conifers
Upland & Low-
land hardwoods 4,82,880 386 48,174 27 48,587 4,34,293
Total 8,2%,126 3 404+ 62,050 1,475 66,929 7,57,197
9.3.3 The catchment-wise break up has been worked out on the

basis of proportionate distribution of sample points over total

(operable and inoperable) area. The proporticn of operable
area has been assumed to be same as that of the total area.
Based upon this presumption, the distribution of operable area
into catchments and forest types has been wWworked out and is
given in the following table:
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9,1 AQCESSIBLE GROWING STOCK

Based on the operable areas given in para 9.3.2
detailed calculations were made for growing stock in the
accessible areas for each type and species. This growing
stock has been referred to as !'Accessible Growing Stock!',
The details have been given in APPENDICES 11.1 to 11.6 and

12.1. 4An abstract of the !'ZAccessible Growing Stock!' is
given below:

Species Yolume
{ 000! m3)
Abies densa L3496 .075
Cupressus Spp. 112.534
Jﬁniperus SPP .« 852.309
Larix griffithii 40,525
Picea spinylosa 2543 ,951
Pinus roxburghii 6913 . 841
Pinus wallichiana 2543 .618
Taxus baccata 1198 .452
Tsuga brunoniana 16868 .366
Total conifers 74569 .671
" Betula spp. 7176 .368
Juglans regia 112,048
Michelia spp. L535,021
Morus laevigata 385,654
Phoebe goalparensis 904,198
Terminalia myriocarpa ﬂ58.518
Total Group 'A' 13271.807
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Species Volume

( fo00! m3)
Acer spp. 6911.220
Allantus grandis 81.213
Altingia excelsa 690.527
Amoora wallichii 89,030
Cedrela spp. 456 .12
Cinnamomum cecicodaphne 371.755

Duabanga. sonneratioides 1%8.586

Phoebe hainesiana 1294 ,.626
Salmalia malabaricum 110.314
Schima wallichii 2028,007
Tetrameles nuwiiflora 22.583
Total Group 'B! 12204 ,303

Acrocarpus fraxinifolius 58.195

Albizzia spp, 284+.991
Alnus spp. 1669.983
Bucklandia populnea 655 347
Castanopsis spp. ' 2693.578
Machilus spp, 6968,689
Total Group 'C' 12330.783
Bischofia javanica 102,927
Garuga pinnata 152.872

Lagerstroemia parviflora 96 .84+8
Populus spp. - 130,300
Prunus spp. 146,834
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Species

Pterospermum acerifolium

Quercus Spp.
Sterculia villosa

Syzigium spp.
Total Group 'D!

Aesculus'punduana
Amoora rohituka
Cinnamon;um tamala
Engelhardtia spicata
Ficus spp.

Kydia calycina
Macaranga spp.
Ostodes paniculata
Rhododgndron SPP .
Symplogos spicata
Vitex heterophylla

Ml scellaneous Spp.

Total Group 'E!

TOT AL ERCAD LEAVED SPP.

TOT AL FOR CONIFFERS AND
BROAD LEAVED SPP.

(7,57 ,197 ha) works out at 261.56

Volume

('oo0* mE )

65 .43
33200, 434
185.758
141,145

34222,261

825.233
189.785
373.800
972.816
1078.695
139 .407
636.598
333.103
10642 .033
1077 .36
78.172
35106.753

51453 .756

123482.910

198052.581

The average growing stock for operable area
per ha.
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ANNU AL CUT

10.1 .1 GENER AL

The annual cut has been calculated on the accessible
growing stogk, The cut has been calculated for each species
in each forest type, on considerations of system of management
likely to be adopted for the species, growing stock {(total and
its distribution among various diameter classes), rate of
growth, rotation, felling cycle etec,

10.2.1 FORMULAR USED- FOR DETERMINING ANNUAL CUT

Hanzlik's formula with modifications to suit different
conditions of crops has been used to calculate the annual cut.

One formula has been applied for a particular species, occur-
ring in all forest types.

10.é.2 The modifications of Hanzlik's formula for applying
to different species are:-

(i) For Chir and Kail:- Since stocking of these
species, particuwlarly in Chir and Kail types,
is poor and lower diameter classes are also
pooTrly represented,; the increment is proposed
to be retained. The mature and over mature
stock can, however, be Temoved within a reaso-
nably short period. The following fcrmula has,
therefore, been applied for these species:

Armual. cut = -%?
Where Vm = Volume of gr6wing stock
above exploitable size
(60 cm dbh)
n = 30 years

(ii) For Fir, Spruce and other conifers:- The stock-
ing of Fir and Spruce in "Fir-Spruce Type" :
is fairly satisfactory. The occurrence of cull
in fir is quite high. Accordingly the
following formula has been applied:
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Annual cut = I+ EI;—H
Where I = Mean annual increment
of growing stock
Vm = Growing stock {(volume)
above exploitable
size (60 cm dbh)
n = 30 years
(i1i) For broad leaved species:- The cull in these

Species is low. A large number of broad
leaved species have not known industrial or
other. use at present. Retention of larger
sized trees, till such time as they can
economically be exploited, is therefore,
considered desirable. The formula in the
foliowing form has been used on these consi-
derations:

- Vm1
Annual cut = I+-“;
Where I = Mean annual increment

of the growing stock.

Vm1 = Volume of the gver
mature trees i.e. over
one diameter class above
the exploitable size
(i.e. above 50 cm dbh)

10.3 .1 Vm, Vmy and I :- The values of Vm (growing stock
above exploitable size), and Vm1 (over mature

growing stock) have been termined from the tables
of total volume in '000! by species for operable
forest area as given in APPENDICES 11.1 to 11.6.

The details of exploitable size and rotation Proposed
to be fixed are given in para 8.%.1 and 8.,4%.2.
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10.3.2 The "T!' (Mean annual increment of growing stock) has
been calculated by multiplication of figures of PAI/ha as
given in para 8.3.1 and total o$erable forest area under the
relevant forest type (para 9.3.1).

10.3.3  The values of "V (for coniferous species), "Vm,"
(for broad leaved species) and "I" for different species
in different forest types, calculated as explained in para
10.3.1 and. 10.3.2 above, are given in the Tfollowing table:
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1041 4 NUAL CUT

The annual cut for different species in different
forest types have been calculated on the basis of the formulece
given in para 10.2.2. EReductlon on account of cull has also
been done from the total gross annual cut. For doing so, the
wei§hted cull percentages, for coniferous speciles (above 60 cm

dbh) and broad leaved species (above 50 cm dbh) were also
computed.

10,4+.2 The species-wise annual cut, under different forest
types and total under all types, is given in the following
table.~It may be stated that the annual cut has been calculated
on the presumption that. the. total growing stock above exploi-
table size will be removed within 30 years. The ganual cut
after expiry of 30 years may, therefore, go down considerably.
The total available volume for industrial purposes has been
calculated separately vide para 13.3.1 and 13.3.2 'of the report
wherein it has been stated that total potential cut may not be
explited due to lack of infrastructure.
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CHAPT 5R-XI

ACCESSTBILLTY AND COST STUDLES

11.1.1 OBJ L TIVES

Study of the existing infrastructure, logging
methods, equipments, techniques and costs is important for
finding out the possibilities of regular supplies of large
quantities of wood at economic costs tc main markets/indus-
trial sites. These studies also determine the *stumpage! or
'royalty! on trees. The main objectives of these studies were:

(1) +to ascertain the present delivery costs
of available wood from operable forests
to main markets/industrial sites.

(ii) the possible improvement in logging and
means of transport of wcod to make it mére
economical,

11.1.2 'Case Studies! werelindertaken to arrive at average
cost of logging and transport at present price level. The
actual cost of raw material delivered to the definite market/
industrizl sites will depend besides royalty, on location of
delivery sites, the labour rates znd productivity, markings,
terrain ccnditions, logging methods and techniques used,
off-road and on-road distances involved, assortment required
by the market,” the regional development of technology and
local socio-economic factors.

11.2.1 IXISTING INFRASTRUCTURE
it £

(a) Roads: Details of existing roads are given in
paras 3,5.2 & 3.5.3. Average road density. for Bhutan works
out to 0,47 m/ha., Present long distance.transport to market/
industrial. sites is by motor transport using the existing
roads, D LT -

. - . . . 9 v

i
1. *

T 1 . 7 10 . o
31}2.2 .+ {Pb) Rivers: Rivers and streams in ‘the survey 'area,,
have been detailed in para 3.5.8. Thésé are not being utili-
zed for timber transport. For, soft woods these can be uwtili-
zed for timber transport: by improving, Funds required for
improvements in.these rivers. and streams have. been estimated
in para 3.5.9. '

\ '



- 120 -

11.3.1 - LOGGING PRACTICES AND GOSTS~ - | e, 0

b R ;

U meh Felllng is generally. cgrrled out oy @Ae an& Sawy |
de- 11mb1ngk;s dqne mostly fhynaxes crgis cuttlng i3 norma;iyiii
done, at the stump,,by felling crews hemselvbs. "3 DELTS R o
i.e. ¥ persons, ‘are employed, for felling and crésg - cuttlng. &
Hollowj crooked qndamalformed stems  dragdot, 1ogge eneral}y,
logs:having. lessithan 100 cm m1d~g1rth and ‘ﬁgm'hrcaﬁlhngﬁh T
a.:r'eunot 1Qgged.r;aa;1‘j- aboyar .j‘_h

T SR LR :A»L{,JMJa* (@il 1ol Peem
T u}ngr 1 tpfi\rr " . .rr-Hc "'.}T ;"q'ﬂ‘ d'*‘ -.Jl .E'-
11.3$2m,,wWhere{cérr1agenlnvolved 19, gﬁ-ﬁi;} i % equ§,sdTLﬁi
hand sawing of logs™is done 1n‘§;dg. 1anks' g m 1oNg .. '

H ~ni
hav1ng a,ma ximum width .of 30 cm are sawn. The hlcknesstq -

in general ‘variés from 4 cm to 12 ‘crt and over, -according to
the requirenent and” 'what a“man can carry‘ up hlll

11.3,3, For .down-hill transport., generwlly logs, are extracted.
Iogs are rollgd down from the hi 1 on a make Shlft path and"'
often, wooden pieces are used as rollerS.j

' FEAY | S A
FA o

11,1 COSTS! -~ T e
- - b A Te - 1 g T'_"T LA SR
- The logglng costs (1977) are oL ?ﬁ" o f
w74 Felling inclidibg delimblng S 9/ :
2. Cross cutting Nu, 9/m . )
.3. Rolling of logs including B o 3 .
' path making Nu_ 60/m /km
Y. Loadingﬁ}n;o“trudk; . ' vNu 27/m§ Pooro»
Y o R, whoon T .. '\’ ' . - Ta bk .*J‘;-, Yo
5. Unloeading from trucks Nu. 9/m v 7L
*-6§ Rbéﬁ'trahgpSft thudkS) - ",:,E?i fﬁ?m3/ki£3v€§
- R s I S A
. f?% Hand’saw1ng (average)# R P 75/m3 VIR
P ’V*I\HL“ U 'Y -ﬂz_ﬁ{"l - R HI‘f" Mg Y J‘-'-cé T
B, Overe-heads =h I T . A5 ?7/[{] s !';J-:

.- -

. % varics from Nu 50/- o 1407 - )
according to sizc.

11 4.2 *The above costs aresHdsed -on only one case study .t
avallablc in the arca. However the cost factors have been

cross checked-.with: similar data from outside survey :area and
can be taken as fairly representative for'the sSurvey. ared. .

4 ' PR J - f
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11.4.3 It must be mentioned that logging on any appreciable
scale has not yet been done in the area, Very few trees arc
felled, at a time, in a pParticular site. Few saw mills have
allotments of trees for felling near the roads and within short
distance from the mills. Thus the costs arce not yet fully
developed and have not vyet reached an equilibrium. Therefore,
it must be appreciated that the logging costs quoted above may
not ve very accurate for future pPlanning.

11.5.1 TERRATN CLASSIFICATICN

Characteristics of soil (texture & stoniness),
altitude, slopes and slope distances have an important bearing
on the type of vehicles and attachments that would be required
for transport of timber/wood. The data collected is given and
analysed in the following paras.

11.5.2 (a) Soil Texture: Soil data for 1532 plots (out of
1961 forested plots) was rccorded znd was analysed for soil
texture classification for the purposes of logging. It was
found that 99% of the arca has clayey loam to sandy soil and
only 1% of the area has clavey soill. There was-no plot fall-
ing in the¢ 'pebblest! or 'without soil! class. In clayey soil
it may be difficult to usc rubber tyre vehicles, specially
during the rainy season. The soil texture, may become a deter-
mining factor, in the use and choice of ground vehicles even -
when degree of slope and off road distance warrant it, The
soll texture may warrant the use of belts or chains with

rubber tyre vehicles or use of crawier type of machines may

be necessary. The clayey loams and sandy soils do not pose

any problem for normal vchicles.

11.5.3 (b) Stoniness: The data‘analysed show that azabout:

- 64% of the arca has less than 3¢ of the
surface covered with stones and
boulders* and poses no problem for
vehicles.,

- 27% of the area has stones and boulders
covering 30~-60% of the surfaces
vehicles can be used with some difficulty.

- 9 of the arca has stones and boulders
covering 60% and more of the surface
and makes the use of vechicle perhaps
uneconomical .,

* Stones and boulders have been defined as
having diameters above 25 cm and welghing
above 40 kg.
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11.5 . (c) Altitude: Variation in energy out put at various
elevations has to be kept in mind for calculating the effici-
ency of machines. Study and analysis of altitude data of

1961 sample points (total forested arcea) reveal that about:

- 21% of the area lies upto 1500 m above m.s.l.
This does not involve appreciable effici-
ency loss of a reciprocating engine.

- 35% of the area lies between altitudes of
1500 to 2500 m, In this range the reci-
procating engine loscs upto 25% of its
efficiency.

L3 ,5% of the area falls between clevation of
2500 to OO0 m, Here the enginc loses
its efficiency appreciably.

- 0.9 of the arca lies above 000 m and has been
defined as ‘in-operablc!,

11.5.5 (d) 8lopes: Forest arcas above 60° (173%) slopec

have been classes as 'in-~cpcrablet, Slopes and slope distances
affect the construction of roads and determine the type of
machine required. Use of special adoptations can enable the
use of ropeways, skidders and cranes on slopes beyond the
normal range for which these ropeways and cable cranes are
designed. In Ceanada, skidders have been used for down-hill
transport upto 31° slope (60%) under Saguecy System
(Bjerkelund, 1971) whereas under Swiss conditicns the skidder
is not used beyond 14° slope (25%) (Wettstein, 1971). -

11.5.6 Analysis of the data from 1961 sample pcints gives

the following percentages for slopes and altitude distribution
of the total forested area,
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Table

PERCENTAGE AREA DISTRIBUTION IN SIOFES AND ALTITUDINAL

CLASSES (FEOM S/AMPLE.POILNL DATA)Y

m above m.s.l.

Al ti tudes

Total
Slope
oP upto 1%00 EEOO .h.bOVe
[w] @]
1500 2500 4000 %000

0% - 20°

(?glﬁg) 1.73 3.4 7 .50 0.21 12 .85
20° - 30° _
(%6.;y§o L b 8.26 13.77 0.15 26,62
. 7'- ]
300 - 600 .
(57'37§° 12,49 19.54 20.24% 0.15 52.42
173 . 2%
Above 60°

(abov%) 2.""‘5 3.62 2.0]+ - 8.11
173. (7]

Total 21,11 34,83 L3 .55 0.51 100

From the above table ”it'can be seen that:-

in 8.11% of the area on account of slope, and
in 0.57% of the area on account of altitude,
no operations are possible.

in 52.27% (52.42 - 0.15) of the area cable cranes
can be normally used. In this area upto W59 slope
gravity ropeways can also be used.

in 26.WA (26.62 - 0.15) area gravity ropeways
can be used. :

in 12.64% (12.85 - 0.21) of the area ground
machines can be used.
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11.5.7 (da) Slope Lengths: For analysis and study of slope
lengths, the information was gathered from topo map sheets by
recording the area, the average slope and average slope length
of the hill face having the cluster centre. This information
for slope area of 898.2328 km< was analysed and the proportions
arrived at were applied to the 'operable forest area'. The
distribution, thus arrived at of t operable forest area' 1nto
slope, and slope length classes 1s given in the following
table: -

Table

DISTRIBUTION OF ‘OPERABLE FOREST AREA' INTQ SLOPE AND
SLOP® LENGTH CLASSES (FRCM MAP SHEETS)

-
Slope Slope length (m)
classes Upto 301 501 1607 Above  rotal
3200 to to to 2000
500 1000 2000
0°-20° Area L.17  13.64 158,78 601.74 471.58 1249.91
§2?&£? % 0.1 0.2 2.1 7.9 6.2 16.5
202-300 Area 30.14  49.50 583.11 1872.79 761.16 3296.70
é%.%%)to % 0.4 0.7 7.7 24.7  10.0 L3.5
300_350 Area 8.74  61.66 731.48 1755.68 393.20 2950.76
%géi)‘t° A 0.1 0.8 9.7  23.2 5.2 39.0
%50-6?0 ATea - - u1.9%  32.66 - 7 .60
100.1 to

173 .5%) A - - 0.6 0.4 - 1.0
Total Area 43.05 124,80 1515.31 4262.87 1625.9% 7571.97

% 0.6 1.7 2004 56.3 074 100.0

It may be seen from this table that of t operable
forest area!

- 43.5% falls in 20°-30° slope class followed by
3% in 300-45° slope class. Gravity ropeways
can be used in 30°9-45© slopes also.

- 56.3% has slope lengths 1001-2000 m followed by
above 2000 m (21.4%) and 501-1000 m (20.1%)
lengths.
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11 6.1 OFF RO.D TRANSPORI DISTLICE :

It is the distance from the working site to the main
landing from where the material is transported by major cr
long-distance transport methods, which can be trucks, river
flc- .Ing or rail transport, etc., In the present case two
possible modes of major transport i.e. road and rivar are con-
sidered. Therefore, distance to nearest motoreble road and to

nearest perennial stream (except 1n case of hard wocd forests)
has heeri studied.

11.6.2 (2) Distance to the nearest road: Distance to the
nearest existing road was measured in 2 straight line from the
map sheet and classlfied into 7 classes, This was further
classified inta three slope classes. The percentage of the
‘operable forest' area thus arrived at, in different off road
distance and slope classes, are given in the following table:-

R Table

PERCTENTAGE OF OPERABLE AREA CLASSIFIED INTQ OFF ROLD
TRANSCORL 1X 6TANCES /MDD _GIOPE CLISOES

Slope Class 0°-20° 200—30O 30°-60° Total
}g.}_?‘t%gg ( % operablc area )
(km) '
1 1.39 2.00 3.55 6.9%
1-3 2.00 3.77 550 11.27
3-5 1,17 31,11 6,22 10,50
5-7 1.4 2 .89 4,83 9.16
7-10 2,05 %.39 5% 12.38:
10-15 2.50 510 10,33 17.93
'5 3.0k . 7W72 20,66 31.82

Total 13.99 28.98 57.03-  10Q.09
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-

- The average weigh.ed off road transport distance
works out to about 11 Km (trying average distance
of last class as 20 Km). fllowing a winding factor
of 1.5 tc 2.0 (average 1.75) the actual off road
transport works out to 19.25 Km or say 20 Knm.

- The road net work is very poorly developed; only
6.94% of the area has less then 1 Km off road
transport whercas 31.82% of the area has more
than 15 Km off road transport distance.

_  Maximum arca - 20.66% - falls in the slope between
300 -60° having off road distance more than 15 Km
followed by off road transport class of 10 to 15 Km -
10.33% in the same slope class.

11.6.3 (b) Distance to the nearest perennial river or stream:
The horizontal distances to the nearest percnnial river or
stream were measured in a straight line for 733 sample plots,

in soft wood forests (Wi.,4% of tree forest area). From the
analysis of data it was found that :

- 73% of soft wood forests are within 1 Km from
stream/river.

- 29% of soft wood forests are within 1-3 Km from
stream/river.

-~ 2% of soft wood forests are within 3-5 Km from
streamn/river, :

Note: 58.6% hardwoods were not considered for
the study.

11.6.4 It may be seen that the soft wood forests are within
. economic reach of rivers and streams and suitable for water
transport or 'chutes' using water can be utilized for their
transport. The average weighted off road transport for soft
wood forests comes to 1 Km, An average winding factor of 2.25
has been presumed as the stream banks are generally vertical
or steep. The average distance to the nearast river or stream,
therefore, works out to 2.25 Km or say 2.5 Km.

11.6.5 It was also seen, from the study of slopes, that
most of the area, with a distance of less than 1 Km from the
river, lies in 30°-60° slope and carriage to river bank will
not pose any problem. The streams were not studied by the
Project from the point of view of floating end would need

to be surveyed before taking a decision for floating of timber.
By and large, all the streams can be used for floating, as
demonstrated by the Project in Ha Chu.
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11.7.1 ROAD DISTANCES

There are two types of roads (i) "kacha" and
(ii) "pacca". "Kacha" roads are un-metalled roads and
"pacca" roads arggmetalled zand may or may not be black topped.
The total distanc% for road transport ("kacha" and "pacca”g
to the main market/industrial site has Theen found for each
cluster and weighted average worked out to 197.8 Km or say
200 Km. Out of this about 70 Km is on "“kacha" road =and about
130 Km on "pacca® road. It has been seen that 16.6%4 of the
area 1ls between L5-75 Km from the main markets/industrial
sites and 23.9% is 305 to 405 Km from the market.

11.8.1 PRESENT LANDED COSTS

Based on the logging costs and existing average
'off road' and 'on road! distances, described in the foregoing
paras, the present (1977) landed cost of timber in log form,
to the main markets/industrinal sites would, excluding royalty,
works out as under: ’

Cost/w’
1. Felling Nu 9.00
2. Cross cutting Nu 9,00

3. 'off road! transport -
log rolling - Nu 1200.00
20 Km x Nu 60/Km

] L+, ILoading into trucks Nu 27 .00
5. 'On reed! transport
200 Km x Nu 1/Xn Nua 200.00
6. Unloading N 9,00
7. Overheads Nu 27 .00
Total Nu  1481.00

3

Note: 1. Average sawing costs are Nu 75/m” have
not been considered, as very little
sawing i1s done in situ at present.

2. Though rivers and streams can be used
for floating of conifeéerous timber as
demeonstrated by the Project, yet these
are not being utilized for the purpose.
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11.8.2 The costs are prohibitive and no market or industry
can afford it, Thus, eithcer more roads are to be constructed
or only forests along roads and near market can ba.worked.
And this is what is being done or is possible, at present.

1191 IMPROVEMENT IN_ TOGGING THCHNLQUES »

) The existing logging practices have becn described
in paras 11.3.1 to 11.3.3. These logging operations can be
split as follows:

A. Stump Operations: Manuel saw, aXe or power chain
or combinations thereof czan be
used for felling, - limbing,
topping and cross cutting.

There ean be three z2lternatives:

Mternative Felling Iimbing Cross cutting
I Saw Axc Saw ,
i1 Axe Axe Saw
ITI Powaer Chain Power Chain Power Chaln
Saw Saw Sew
B. Conversion: I No conversion of logs

IT Logs can be converted into
scantlings or other sizes
in situ by pit sawing or
frame saws.

ITT1 Logs collected at the main
landing and sawn by portable
saw mills before long distance
transport.

C. Off-road Transport: Considering classification and
characteristics of terrain,
this can be by

I tractors
II gravity ropeways
IIT cable cranes

D. On-road Transport: For the present all 'on-road!
transport will be by motor
trucks. River floating is
viable alternative for conifers.

BE. Loading & Unlcad- It can be either crane of self

ing. loading trucks or by self pro-
pelled loaders or manually.
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11.9.2 The local techno-cconomic and sococial considerations
will determine the technoleogy for each operation or suvb-operation.
This involves decisions, having far reaching conseguences and
repercussions on the local socio-econcmic set-up, ~nd should be
made at the highest devel, keeping in view the Government policy,

the intensity of operstions and the time factor when the decisions
are being made.

11.10.1 DEVEIQPMENT OF TIMBER TRANSPORT

For reducing the landed costs and to make extraction
possible from forest areas away from the present road net work,
(1) a net work of roads has to be developed (ii} improved and
modern 'off-road! transports and techniques have tc be used and
(1iii) water transport through rivers and streams have to be
developed/improved and utilized for softwoods.

11.10,2 (i) Development of road net work

®

Para 3.5.2 gives the present (1978) details of existing
roads in Bhutan which gives an average road density of 0.47 m/ha.
Details of roads in the survey area are given in para 3.5.3.

In para 3.5.4 it has been suggested that for the time being a road
density of 2 m/ha may be aimed at. This would invelve construction
of 1350 Km of road as a component of national roads and feeder
roads. In Phase I Report it has been pleaded that construction

and maintenance of roads to open inaccessible areas and hinter
lands cannot and should not be amortised only on the wood expected

to be extracted but should be considered as general development
expenditure. Additional forest roads made solely for the tTransport

of timber may be debited to the Forest Department Budget. The
development of road net work to achieve a road density of 2 m/ha

will open up vast areas of forest and rcduce cost on the 'off-road’
transport of wood.

11.10.3 (ii) t'Off-road Transport!

(a) Trucks -~ BEven when a road density of 2 m/ha has been achieved
for the country, as suggested, 'forest roads' for transport of
timber within the forest areas shall have to be constructed.

The road transport by trucks, with a winding factor of 3, within
the forest arceas should not be more than 2 Km. This gives a road
density of 3.7% m/ha in the forest areas (Ssmset, 1967). To
realise the available yield from 7571.97 km< of operable area
about 1325 km of forest roads would be necded.

(b) Tractor Transport - About 1250 km2 (para 11.5.7) of operable
area nhave less than 36% slope and are fit for tractor transport.
Average tractor skidding distance should not be more than 0.5 km.
In these areas fair weather roads, class II or III types truckable
roads have to be constructed to keep the tractor skidding distances
within 0.5 km. The traffic on these types of roads will be mostly
uni-directional and the steeper gradients are acceptable.
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Therefore the winding factor will be 2,00 to 3.00 or 2.5. &ince
the areas have gentler slope a winding factor of 2 will suffice.
The road density of 10 m/ha is required for tractor transport.
Consequently about 6.25 m/ha of roads, heve to be made in the
area of operation or a@bout 780 km of tractor roads would be
required in operablc area.

(¢) Gravity Ropeways - About 3300 km2 of opcrakle area has
slopes between 36 to 57 where gravity ropeways can be used.
The utility of gravity ropcways have been desonstrated by the
Project and these are being extensively used by the Department
and forest lessecs, saving on labour and costs of "off-road
transport.® The local pcople are also picking up the technique
of working these gravity ropeways.

(d) Cable Crancs - Cable crane can be used for areas having
slopc from 57% to 173%. Slopes above 173% are being treated

as in-accessible. Medium distance cable cranes, with transport ,
distances upto 1000 metres are considered useful. About 2200 km
of the operable forest areas having slope lengths more than

1000 metres are suiteble for cable cranc transport. The Forest
Department with help from UND Project is experimenting with
different cable crancs and getting the staff trained in the use
of these cable cranes. -

11.,10.%. (iii) Water Transport

Floating trials were conducted by the Project from
Onakha to Chukha in Ha Chu and partly in Wang Chu. Ha Chu
was selected for the trial because it was considered as an
impossible streams for floating of timber. Expert floating
techniglans, along with imported labour expert in fleoating and
local labour demonstrated it successfully that even in Ha Chu
floating of timber is possible. In other streams like Paro,
Wang Chu, Sankosh, Manas and its tributaries, the floating
will be much easier. The Chukha Project authorities have been
requested to allow passage of timber over or through the
chukha Dam so that timber can be floated in Wang Chu, down-
stream of Chukha. For transport of soft wood on large scale,
use of water ways and techniques using water as mecans of
transport would be the cheapest method for bringing the
converted or semi-converted timber to the market or industrial
sites. 8ide streams and the main rivers would need improve-
ment works for making the floating easicr.
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CHAPT :R-XTT

s

DEMAND AND MARKET STUDT ES

12.1.1 OBJ fCTIVES

The study was carried out:

. (i) to quantify the present (1978) level of wood
removals and pattcern of wood consumption
by various users. '

(ii) to forecast the level and trends of wood
consumption in the year 1983 and 1988 for
the survey areca.

{iii) to assess the potential demand for industrial
wood in the markets outside survey area (both
in lower reaches of Bhuten and timber distri-
bution centres in Assam bordering Bhutan).

12.2.1 METHODS

The details of methodology »nd procedure adopted for
the study arce given in Chapter V - Volume II of the report.

12,3.1  WOOD PRODUCTION

Due to lack of infrastructure, remote location and
absence of wood based industries, large scale commercial exploi-
tation of wood and other forest produce has so far not been made
in the survey area, The present productiocn mostly caters to the
timber and firewocd necds of the local population and develop-
mental requirements of the Govermment departments. Wood produc-
tion figures were available mostly in_the form of nuber of
trees without species break-up. On the basis of average out-
turg in the worked areas of survey area, a volume factor of
3 m”/tree has been adopted for deriving the volume figures.
Considering the proportion of population distribution in differ-
ent vegetation zones and location of worked areas, the contri-
bution of conifercus and broad lceaved species to the total timber
production is assuned to be 30GF =nd 70 respectively.

12 .3 .2 Large quantities of fueclweood are removed for meeting
the domestic requirements of the local populaticn. But only
negligible gquantity has ampeared on records. The provortion
of coniferous and broad lcaved species is assumed to be 207
and 80 respectively for firewood.

12.3.3 Total Producticn:- Average annual quantity of woeod
harvested 1s 59,128 m2, The agency-wise details are given
in the following table:
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Table
AVERAGE ANNUAL PRODICTION OF WOOD & BAMBOO IN SURVEY ARZA

( Average of 1974-75 tc 1977-78 )

33 (WRE)
Agency Broad%eaved Ccocnifers Total
(706) (3Ca)
A. TIMBER
1. Forest lessees/ 15542 6661 22203
Contractors.
2, Concessicnists 17355 . 7438 24793
(recorded)
3. Govt. Departments 2737 1173 3910
(direct frcnm
Forest Deptt.)
L4, Special permits 2514 1078 3592
5. Free grant 131 56 187
6. Miscellanecus 109 L6 155
TEMOVALS = ememme e mm e mm e m e e e
TOTAL 38388 16452 54840
B. FUELWOOD 3430 858 4288
(recorded ) (80%) (20%)
TOTAL (A+B) L1818 17310 59128

—— A A IR N gt G ey EES R ES SD mmy SR ey W e P G e T A T e e S s T AN S e s e e S W e S

C. BAMBOOS . 34846 Nos
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12.3 .14 Mincr Fcrest Prcducc:- -Apart frcm timber, fuelwccd
and bambceos; certain minor forest prcduces are annuelly rcemoved
frcm the area. Excepting bambeces, other mincr fecrest prcduces
arc scld in the form of 'Mahals' cn annual or biacnnual leesc.
The details are glven in the following table:-

Table

AVIRAGE ANNUAL PRODUCTION OF MINOR FORSST PRODUCE
TN SUINEY JHEA (JVGRLGE OF 1974-75 b2 1977-78)

Sl.Nc. Prcducec uantity

tocnnes)
1. Cane 330.3
2. hgar weed 2.
3, Resin ' 18,0
4.  Daphne bark 2.9
5. Dal chini . 33,2
6. Katha H‘ 5.0
7o Timur {{ C.1
8, Pipla < Y1605
9. Kulki 1.5
10, Mugita 0.5
11. Lac _ 0.6
12. Bee wax 1.7
13, Stcnes & Boulders 5697 .0

14, Sand, Chips & Gravels 111.0

15. Brecn 336.5
16, Thatch : 59.5




- 13y -

124,01 WOOD CONSUMPTION

In the absence of any large scale organised timber
harvesting agency in the area, most local consumers extract
the timber allotted/socld to them directly from forests. The
following categories of wood consumers arc recognised,

12.4.2 Local Ponulation:

(a) House building and repairs:- Survey area has
wide range of altitwdes ranging from 240 m to 5123 m above
m.s.l. Winter is severe in most portions and certain localities
experience occasional snow falls. The pattern of house build-
ing in Bykar, Tongsa and Shemgong districts is similar to
areas of Western Rhutan. Tn Mongar, Tashigang and Schumar
districts, the houses are comparatively of smaller size. Tn
Chirang district, the house pattern is distinctly different
from other areas,

Depending upon the locstion of the villlage to the
type of forest, the species preferences for house buliding and
repairs differ from one region to the other. Blue pine and
Chir pine are most commonly used species for construction
purpose in coniferous region whereas in broad leaved zone,
Champ, Bonsom, Chilaune, Jhikri etc., are preferred. Spruce
and Castanopsis are preferred for roof shingles. As in
Western Bhutan, there is large conversion wastage due to the
practice of rough dressing of timber by axe thalt is in vogue
in most parts, Yo

To assess the quantity of timber used for construction
of houses in various localities of sSurvey areza, a sample survey,
was conducted covering 154 samples representing all patterns
and siZes of houses. The details of method adopted for the
study can be seen in Chapter Vv - Vo%ume Il of report. The study
revealed that on an average, 35.3 m~ of timber is used for
construction of a house. In the lower reaches; bamboos are
used in increased proportion for building houses. (Cn an
average 625 bamboos are use per house. In Bykar district the
average consumption is 65 m?/house while the consumption in
Chirang district is the lowest with 15 m3/house. 55% of the
houses are single storeyed and the double storeyed houses
form W%, Only W of the houses fall under more than two
storeyed category.

It is assumed that the average life of a house is
gbout 50-60 years, Enquiries revealed that roof repairs take
place on a 5 year cycle. Major repairs like replacemcnt of
rafters, planks etc. are generally undertaken at 10 years
interval, :




*
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In the absence of statistics regarding annual house
constructicn activity, the requirement of timber for house
construction and repairs is derived from the average gquantity
of timber sanctioned to villagers in the ranges coversd by
gsurvey area, - Study of last W years'! records of the Range
Offices of the survey area shows that on an average, 1936
persons are allotted trees for houvse building end repairs
annually. Number of big sized trees and poles allottced
annually to concessionists are 7660 and 2460 respectively.

The average number of trees oand poles allotted to eocch conces-
sionist works out to 5. The total quantity of tiwmber Zgnually
consumed for house construction and repairs is 24,793 (WRE) .

(b) Agricultural Implements:- The most commonly
used specles for agricultural implements are Pyrus, Chilaune
and Qaks. The number of agricultural households in the survey
area was estimated to be 65088 in the year 1978. The annual
consumption of wood for agricyltural implements worked out
on this basis comes to 8590 w° (WRE). Stuwly conducted over
183 house-holds in survey area vevealad that gn an average,
each agricultural hause-hold reguires 0.132 m° of wood for
agricultural implements.

(¢) Fuelwood:~ Wood is the most commonly used
domestic fuel in the survey aresa, The practice of making
charcoal is not prevalent in the area. Hlectrieity is available
only in two small towns and is used only for lighting. WinGer
consumption of fuelwoed in The upper parts of the survey arca
is considerably high for hecating the houscds.

A detailed study covering 183 representative hcuse-
holds was carried out to determine the daily per capita fuelwood
consumption. The study was conducted both during winter and
summer months covering more or less equal number of samples
in each season., Taking inte c¢onsideraticn the incrcased winter
consumption, the average per capita consumption of fuelwoocd is
7.3 kg/day.. The ann per capita consumption works out to
2.66 tonnes or 3,19 m~, (Qaks and Castanopsis arc the most
preferred species for fueliwpod, Survey results indicate that
Castanopsis spp., Oaks, Mixed Broad leaved spp., and Conifers
are used by 8.2, 25.1, 46,5 and 20.2 percent/houschold respec-
tively. About éh% of the houschclds have given preference for
Castanopsis spp. ond Caks. Only 124 {(mostly living in ccnife-
rous zone)households have given preference for coniferous fucl-
wood., With the exception of Bykar district, the populaticn of
most parts of the survey area use broad leaved species. The

resent annual consumption based on the e§timated populotion of
,33,925 is 11,554,240 tonnes (13,885,088 m”),,

The recorded production of fuclwood in survey arca
is a small fraction of the consumpticn calculated on the basis
of population, This enormous difference is due to the fact that
removals made by rural populstion have not come on official
records., S N

[ 0 T
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12.4%.3 Law Mills ard Wood Working Industries:- There 1s only
one saw mill (Blue Polnt Saw Millmgt Korilla) in the survey area.
This unit annually consumes 1500 timber from survey area.

The mill mostly caters to the timber requirements of Government
Departments in the Eastern Bhutan. There is no wood working
unit in the survey area.

12. 0.0 Free Grantees:- Flood and fire victims get timber
free of royalty. Such instances are not ma in the area. The
total annual consumption of timber is 187 .

12.4.5 Government Departments:- Government Departments
consume 6536 m3 of wood annually. They obtain their reguirements
Lthrough forest department and also from saw mills/forest lessees.

12 4.6 Total Consumption:-~ The estimated nual consumption
of timber and fuelwood at present is 41,600 and 13,85,088 m3
respectively.

The proportion of coniferous and broad leaved species
in the timber consuvmed under various consumption categories
except agricultural implements is assumed to be 306 and 7
respectively. In case of agricultural implements the entire
requirement is placed under brozd leaved species on the basis
of findings of sample survey. Fuel wood consumption of conifers
.and broad leaved species is in the proportion of 204 and 805
respectively (based on sample survey findings). The details
are given in the following table:

Table
AVERAGE ANNUAL CONSUMPT;ON’OF TIMBER AND FUEILWOCD
> (WRE)
. i i Broad- Total
S.No, Consumption Category C?nlfers Loavod o}
Ac TID{BER * -
1., House Construction and 7 438 17 4355 24,793
repairs (Concessionists)
2. Agricultural implements V- 8,590 8,590
3, Saw ML1ll Industry L50 1,050 1,500
4. Government Departments 1,961 4,575 6,536
5, TFree Grants 56 131 187
Total Timber (1 to 5) 9,905 31,701 41,606
B. FUELWOOD 277 ,018 1,108,070 1,385,088

.-_—.-—_._..._.__-.-—_—._—_———_—-—..———-.-_—_.—-————-.-...--—-————-———.-__o-_a——__

TOTAL (A + B) 286,923 1,139,771 1,426,694
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12.5.1 FORIC AST OF FUTURE DEMAND

.

Important factors that help in forecasting the demand
at a future date are population growth, increase in per capita
disposable income, relative prices of timber and its substitutes,
change in technology and consumer preferences. In the absence
of time series data and cross sectional data for most of thesc
variables, accurate forecast of future demand is difficult.

At present, there is no industrial activity in the survey area.
In view of land locked condition of area, sparse distribution

of population and low per capita income, technological innova-
tions and consumer preferences would have no effect on demand
projections for near future. Since the future demand of wood
for house construction, agricultural implements, fuelwood, cte.,
are mostly dependent on increase in population, number of houses,
number of house holds, number of cultivators etc., projections
for future are made considering these factors only.

Projections for a short period of 10 years are consi-
dered sufficient in the absence of sufficient data., Demand
projection has been made for the year 1983 and 1988,

12.5.2 Population Estimates:- As per the statistics published
by the Royal Govermment of Bhutan (1977 - Central Statistical
Organisation), the total population of Bhutsn in 1977 was 1.10
millions with an annual rate of growth of 2.1 percent. Basgd

on the average density of population of 27 .5 persons per Km
with due weightage for higher density of population in Eastern
region (Tashigang and Mongar districts), the estimated present
and projected population.of the survey area 18 as under:-

Year Population
1978 4,33,925
1383 L,81,440
1988 5,3%,160
12.5.3 Wood for House Construction and Repeirs:- Assuming that

the number of persons per housc hold (six) remains the same,
the number of houses required for population will be:-

Year No. of houses Number required during
reguired I'ive Yerr period.

1978 72,320 ; -

1983 80,240 7 4,920

1988 89,027 8,787
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Assuming that:-

(i) During the period 1983 and 1988, the average
annual number of houses to be constructed would
be 792 and 878 respectively (only 507 of the
annual increasce in the number of house holds
are expected to construct houses);

(ii) the level of consumption of timber of 35.3 m3
per house for construction would remain same
as at present; and

(i1i) only 10% of the timber required annually for
house construction is needed for house repairs,
the projected demand will be as under:

m (WRE)
Year Now Construction Repairs el
- Broad-~ ; Broad- ©
Conifers leaved Conifers leaved
1983 3387 19570 839 1957 30,753
1988 9298 21695 930 2169 34,092

12.5.4% Wood for Agricultural Implcments:- Over 9C% of the

population comprises of agriculturists. During next 10 years

there may not be much change in this pattern. Basced on the

estimated agricultural house holds in the yecar 1983 and 1988

and assuming that 904 of the people continue to practice

agricultu;f} the demand for wood for agricultural implcments
h

at 0.132 ouse hold would be: m3 (WRE)
Year No. of agricultural Wood requirencnt
house holds (Broadleaved spp.)
1983 72,216 9,530

1988 80,124 10,575
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12.5.5 Fuelwood :- Assuming that the population will be the
only factor affecting the consumption of fuelwood and alternate .
domestic fuel will not be used and the per capita consumption
pattern remzin same, the future demand for fuelwood has been
worked out and given as under:

m (WRE)

/

Year Conifers Broadleaved Total

1983 307,351 1,229,404 1,536,755
(12,80,630 tonnes)

1,705 ,0LL
(1h,26,870 tonnes)

1688 341,009 1,364,035

12.5.6 Saw Milling Industry:- Saw milling industry is in

the initial stages of development. With the progressively
increased development projects undertaken by the Government
through Five Year Plans, the industry is likely to grow at a
fast rate to cater to the constructional timber requirement

of survey area and adjacent areas. Keeping in view the outlays
during the last 4 Five Year Plans, timber requirement of saw
milling industry is expected to grow at the rate of 5% per annum.
Accordingly the future demand from this sector would be as

follows:

m (WRE)
Year Conifers Broadleaved Total
1983 575 1,340 1,915
1988 733 1,712 2,445
12.5.7 Free Grants:- The present level of consumption is

negligible and does not provide any indicaticn of future
requirement. The future requirement is roughly estimated by
assuming an annual increase of 2%.

m3 (WRE)
Year Conifers Broadleaved Total
1983 62 145 207

1988 68 160 208
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12.5.8 Government Departmen”s:- Under Five Year Plans of
Royal Government of Bhutan, increased financial outlays are
made for developmental projects to be implemented by Government
Departments. This wowld involve progressively increased use

of wood for construction purposes. Assuming the annual rate

of growth of 5%, the wood requirement has been worked out

as under:-

m (WPE)
Year Conifers Broadleaved Total
1983 2,502 5,838 8,340
1988 3,192 7,418 10,640

12.5.9 Total Demand Forecast for Timber and Fuelwood:- ,
The total demand for wood in_the years 1983 and 1988 would be
1,587,500 m> and 1,763,024 w3 respectively. The details are
given in the following tables:-
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Table
Sector-wise Projected Demand of Timber and
Fuelwood
m (WRE)
Year Sector Conifers Breoad Total
leaved
1983 House building &
Ropairs 9,226 21,527 30,753
Agricultural Imple-
mente o RS - 9,530 9,530
Saw Milling Industry 575 1,340 1,915
Free grants 62 145 207
Govt. Departments 2,502 5,838 8,340
Fuelwood 307,351 1,229,404 1,536,755
Total 319,716 1,267,784+ 1,587,500
1988 House building &
Repairs 10,228 23,864 34,092
Agricultural Imple- N
mggts HEen Smpse - 10,575 10,575
Saw Milling Industry 733 1,712 2,445
Free Grants 68 160 228
Govt. Departments 3,192 7,448 10,640
Fuelwood 341,009 1,364,035 1,705 ,04%
Total 355,230 1,407,7% 1,763,024
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Tahble

Total Projected Demand of Timber and Fuelwood

m3 (WRE)
Kind of wood Year .
1978 1983 1688

Conifers

Timber 9,905 12,365 14,221

Fuelwood 277,018 307,351 341,009
Total 286,923 319,716 355,230
Broad leaved

Timber 31,701 38,380 43,759

Fuelwood 1,108,070 1,229,404 1,364,035
Total 1 3139,771 1 ;267 ,78)4' 1"4'07:79‘4'
Conifers & Broad leaved

Timber 41,606 50,745 57,980

Fuelwood 1,385,088 1,536,755 1,705,0uk
Total 1,426,694 1,587,500 1,763,024
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12.6.1 IMBER MARKETS

At present, there is no timber market in the survey
arca, Hven in the Southern parts of Bhutan Phase IV area
adjacent to Assam State of India, there is no established
timber merket. Off and on, some timber transactions take
place at Gaylegphug. Most of the timber from swvey arez is
dirgefly, sent to timber markets of Assam and is further ecwmersed.
sk r:fa.v,l_ » O v bhleeer o~ {ndia.

12.6.2 A survey covering timber markets and wood based
industries in the adjoining districts of Goalpara, Kamrup and
Darrang of Assam was carried out., This survey has revealed
that out of 2,39,100 m® timber exported, as per 1976-77 records,
from these three districts. Bhutan timber contributed

33 ?61+0 Lt -

12.6.3 Study of last four years!' exports records of survey
area and edjacent_ perts, within Bhutan, indicated that on an
average, 55,000 m3 of timber and 19,400 m3 of fuelwocd is
exported annually through Goalpera, Kamrup and Darrang districts
of Assam. Some limited gquantity of fuelwood that enters Assam,
mainly from foot hills of Bhutan, is locally consumed in nearby
towns. At present, only 3.6% of timber entering Assam market
from Bhutan is from survey area and the rest is from the forest
areas located south of the survey area within Bhuten (Phasec IV
area). FExcepting a negligible guantity of about 26C m° conifers,
the bulk of timber exported comprises of miscellaneous broad
leaved species. Only about & of wood entering Assam timber
markets from Bhutan is in sawn form. 61% of the timber comi
into the three districts of Assam fron Bhutan is further‘ak&EiLGE}k
ey to various wood consuming regions in Indiz. About 55%

of Bhutan timber Ty from these Assam mearkets

finds entry into Calcutta, The remaining material goes to

other destinations in Bihsr, U.P., Rajasthan etc. 90% of Bhutan
timber exported through Asszam to various destinations is
transported by rail and the rest by road.

on il b el B T2

12.7 .71 WOOD BASED INDUSTRI &S

Results of a survey‘of wood based industries both
within Bhutan and in the adjoining areas is ag follows:-

(a) Industries located south of survey area within Bhutan
Wood based industries located_in the foot hill of
Bhutan consume about 11,700 m3 of timber annually.
Industry-wise details are given below:

(i) Saw Mills:- There are four saw mills located in
border towns (two at Gaylegphug, one each at
" Samdrup Jongkhar and D%apham) with an annual
intake of about 7000 m timber. At present1

the entire timber consumed by these units is from
outside survey area,




(b)
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(ii) Veneering/Plywood Industry:- There is only one,

(1ii)

unit (Druk Veneering Industry) located at %
Gaylegphug. _The annual wood requirement is

about 4200 m3. Till recently this unit was making
tea chest veneers and selling them to plywood
industries of West Bengal. With the recent
addition of a cold press unit, the industry has
started making tea chest plywood also. At present,
the wood supply is cbtained from foot hill
forests., But, with the depletion of conventional
plywood species in the nearby areas, the industry
will have to partly depend on the forests of
survey areas for future supplies.

Match Industry:- The Pelri Matgh Factory at
Gaylegphug requires about 500 m> of wood annually.
So far, the unit was depending on the forests
located close to the industry for wood. The main
species consumed are Salmalla malabaricum and
Allantus grandis. With the depletion of match wood

species in the foot hills, the industry will have
o depend on species like Machilus spp., Buklandia
populnea, Symplocos spicata etc, found in good

proportion in the survey area for its future
requirements.

Industries located in Assam area (Goalpara, Kamrup

and Darrang Districts):

Wood based industries in the ghree-districts of

Assam consume about 218,000 m

timber annually.

Bhutan contributes 10.5% of the total intake. Wood

requirements of various industries is briefly given
below:

(1)

Saw milling Industry:- There are 150 saw mills

in the area. Tota% annual timber consumpticn

is about 212,000 m>. About 9.3% of the require=-
ment is met from Bhutan timber. €% of the wood
nandled by saw mills is sal and 54 consists of
miscellaneous hardwocds and soft wood specles.

At present, only 6Uh of the installed capacity of
saw mills is being worked. Amongst other factors,
non-availability of required quantity of timber is
an important factor contributing to the low utili-
zation of the installed capacity. As the demand
for packing cases and miscellanecus hardwocds from
GCalcutta is very high, the saw mills located clgse
to Bhutan areas can take in additional 20,000

timber of miscellaneous hardwoods annually from
Bhutan.
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(v)

(vi)
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Veneering & Plywouod Industry:~ There are three
veneering units (2 at Bongaigaon and one at
Borgong) and one tea chest plywood unit at Dhubri..
The most preferred species is Chilaune. Other
species used are lMandane, Behera, Hatipaile, Kedam,
Gokul , Chakrasy etc. Lended cost of timber ranges
from (5,280 to #.350 per m%. The total annual
requirement of wood by this industry is abcut

8500 m3, All the units are experiencing difficulty
in procuring the reguired guantity of wocd from
Assam forests and are locki for alternate sources
of supply. Only about 800 m3 of Bhutan wood is
consumed by the veneering industry of Assam,

Apart from the veneering/plywood umits located
within the three districts where study has been
conducted, there is one plywoocd industry

(Meghalaya Plywceds Ltd., Barnihat) located in
Meghalayz (near Gauhzasti) which reguires about
14,000 m° of wood annually for manufacturing both
commercial and tea chest plywocd. The industry is
locking for additional sources of timber for
increasing thg intake, The industry can pay upto
Rs 420/~ per m”> of wood.

Match Industry:- There are two wnits with a total
ammual wocd reguirement of 26,250 m°. Assam Match
Company at Dhubri consumes 2bout 24,000 m°® annually
whereas the match splint factory at Bijni consumes
only 2,250 m3, Main species used are Semal and
Qdal. A small qwantity cf Xhasi pine from
Meghaleya is also being uscd. The landed cost of
wood is about %,280 per m3., Assam Match Co., is
interested in Chir pine, Pipli, Xawls & Kharane
species which are found in good preoportion in the
survey area. At present, Bhutan timber is not
being used by Match Industry of Assam.

Katha Industry:- There are three tha Manufactur—
ing Units which consume about 480 m°® of Acacia
catechu wood per annun, The units are not working
tTo Tull capacity due to shortage of wocod.

Hardboard Industryv:~ There is one unit at Gauhati
which ccnsumes abcut 34,000 m° of fuelwood of
miscellanecus species., The average landed cost of
wocd pregently procured by the industry is
Bse6 o C0/m

Paper Tndustry:- Ashok Paper Mill is located at
Jogigepa near Goalpara. 13;10,000 tonnes of
Bamboc is ccnsumed annually. The industry has
started trying mixture of barmbocs and some of the
hardwcods and pines. ©Scme of the ceniferous wocd
of survey arca can be abscrbed by this industry.
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(vii) Miscellancous Industries:- This category includes
small scale industries like cart wheel, notor
body building, carpentry, wccd craft, photo frame
ctca, ;gich consume woed to the extent of about
L.,200 (sawn form). Therc are 180 such small
units in the three districts. These tinits do

seccndary ccnversicn by cbtajning sawn wocd from
saw mills, '

12.8.1 TIMBER MARKETS OF ASSAM

The average recorded annual prcducticn cf wocd in the
seven forest.divisicns in Goalpara, Kamrup & Darrang districts
is 158,000 m3 (average cf three years). Apart from this, large
quantity cf tinber coming frem Bhutan, Meghalaya, Arunschal
Pradesh and private lands is handled by the timber markets.

The important timber markets in Goalpara district are Kckrajhar,
Bijni, Sapatgram, Bongaigaon, Dhubri, Goalpara and Gosalgacn.
Most of the timber frcm Sarbhang, Phipsoo and Gaylegphug areas
of Bhutan finds entry intc Kokrajhar, Bijni, Sapatgram and
Bengaigaon timber markets. Udalguri, Tangla, Barpceta Road,
Palasbari and Gauhati are the importsnt timber markets 1n
Kamrup district. About 75% of timber handled in markets of
Udalguri end Tangla is fron Diapham and Samrang ranges of
Bhutan. Tejpur, Rangapara & Dhekla Juli are the major timber
markets in Darrang district. Very 1ittle Bhutan timber enters
the timber markets of Darrang district.

12.8.2 187 prominent timber rerchants and forcst lessees wgre
interviewed. The study rcyeals that con an &verage 278,000 ©

of rTound wocd and 66,500 m° of sawn wocd (95,000 m2 WRE) is
annually handled in the timber maégcts of the three districts

of Assan This includes 153,000 (WRE) from Meghalaya and
21,000 m (WRE) from Arunachal Pradesh. The average selling
prices (1977) were as under:-

Species Price (B, per m3)
Hound  Savn
Sal 770,00 910.00
Pine (Khasi pine) - L50.00
Other species 375,00 440,00
12.8.3  amongst orgamized scctorg, Railways get ebout 49,000 o

of timber annually (abcut 46,000 m> in sleeper ferna) frem the
three districts. Out of the acceptable species for sleepers by
Railways, the survey area has fairly good proporticn of Abies
densa, Altingia excelsa, Castanopsis species and Termin ia
oyriocarpa, 4s the price offered by the Railways for sleepers
s normally higher than the general market price, it may be
advantageous to enter into agreement with then for bulk supply
on sustained basis.
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12,84 0il Refinery =nd Petrocchemicals ILtd., coming up at
Dhaligacn (near Bengalgaon) requires large quantity of construc-
Licnal timber. Develcping marketing strategy can help in selling
large quantities <f sawn wood cf miscellaneous tirber species

to this industry from survey area during constructional stage.
Saw milling industries at Gaylegphug area can play an impcrtant
rcle in meeting this supply.

12.8.5 Gaylegphug and Samdrup Jongkhar have pctentialities

to develcp as important tirber narkets. Both the pleces are
located close tc rail heads fcor long distant rail transpertaticn
tc the consumpticn centres in Eastern and Northern India.
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CHAPTER-XT LI

wWOOD BALANCES

13.7.1 GENERAL

nyocd balances" are thé guantities cof weed that arc
available fcr industries cr export fron the arca, af*ter necting
the local demand of the people and after catering tc develcp-
nent requirements of the existing industrics.

13.2.1 POTENTILL ANNUAL CUT

The swaary cf potential annual cut as calculated in
para 10,4.2 is given below:

Tablc
POTENT ITAL ANNUAL CUT

1000' P Sclid Velume (ub)

Species Groups Gross Annual cut Cull Velume Net annual cut

Ccnifers 1912,708 570 .831 1341 ,877
Brecadleaved '
Group L 564,308 40,506 523 .802
Group B 499,728 67 1l 432,584
Group C 690,091 71 .084 619,007
Group D 1339.370 91.599 1247 .,771
Group E 2363 ,618 Lhg 692 1913 .926
Total Brcad
leaved Spp. 5457 .115 720,025 L2737 ,090
Total Conifers
and Broad leaved 7369 ,823 1290.856 6078 ,967

SPP.
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13.2,2  The net potential annual cut of 6078.967 thousand
represents the net sclid vclume under bark in the forest,

In order to calculate the wocd balances it will be necessary

te convert’ this volume tc log volume (WRE). The less in felling
and cross cutting, including the volume left in the forest in
the shape of stump, breakage during felling ond off rcad
carrisge, is estimated tc be roughly 15% «f the stonding volunec,
Therefsre, the net log volume will be as feollcows:

Tablie
NBELT I0G VOLUME

10001 2 (ub)

. e Net Crnversicn
Species Groups annual . lcsses in Net WRE
cut forest
Conifers 1341 ,877 201 .282 1140.595
Brcadleaved
Group 4 523,802 73.570 L5 ,232
Group B L32 .58y 64,888 367 .696
Group C 619.007 92 .851 526.156
Group D 1247 771 187 ,166 1060,605
Group E 1913 .926 287 .089 1626 .837
Total Broad -
leaved spp. 4737 .090 710.564 . L4026 ,526
Total Ccnifers and

Broad leaved Sppe. 6078 ,967 911,846 5167 .121

13.3.1’ SV AITABILITY OF WOQD

With the existing infrestructure and market trends,
ceoncmic cxtractirn of 60, 40 and 30 percents <f the t-tal
volume cf potentiasl anrmal cut of ccnifers, gr-oup A", "B" and
"CH, "D & VE" of broad leaved species respectively is considered
feasible at present (1978),

13 .3.2 With further developments of rcad net work, river
impreoveriecnts and modern lcgging techniques, the cccnomic extrac-
ticn (in terms of percentages cof total potential annual cut)
may incrcase tc 70, 50 and 40 in 1983 and 80, 60 and 50 in 1988.
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13.,3.3 It would be of interest te nention thot percentage
figures for eccncmically feasible extracticn were teken as ©0
and 4O for the base year 1975 for conifers and brocod leaved
species raespectively in the first report. The corresponding
figures for the yecars 1980 and 1985 were 80 and 60" and

v180 and 80" respectively. It has, however, been rbserved that
level cf extracticn has not risen &5 WAS cxpected.

13 .3 .4 Based on the presumpticns, in para 13.3.1 @nd 13.3.2
above, the availability of wood in 1978, 1983 and 1988 has been
worked ocut as under:

Table

AVIILABILITY OF WOOD IN DIFFERENT YEMRS

000" P (WRE)

Species Groups Year
1975 1983 1988
Conifers 684 .357 798 416 912 476
Brecad leaved
Group LA 178,093 222,616 267 .139
Group B 147,078 183 .848 220,618
Group C 157 847 210,462 263.078
Group D 318.182 Loy ,2n2 530.302
Group E 488,051 650,735 813 .418
Total Broad leaved spp. 1289.251  1691.903  2094.555
Total Conifers and
Broad leaved Sppe. 1973 .608 2490.319 3007.031

13 4.1 DEMLAND

The total prejected demand f
has been given in table under pa
that sbout 25% of the requireren
as well as broad leave
and fallen treecs,
do not fecrm a part
not been included in the calculaticn of annual cut .,
purpose of caleculaticn of wood balances,

been reduced by 25% .

has, therefore,

d specics is prese
branches ¢

ra 12.5.9.

cr timber and fuel weod
It is estimated

t of fuel wood of both cenifers
ntly met cut of dead

f conifers 2nd twigs cetc., which
~f the growing stock and, therefore, have

-

For the
the fuel wocd demand
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13 4.2 From the general cbservaticns on utilisati-n of

broad leaved species, it has been assumed that consumption

of timber of species in groups A, B, C; D and E is in the retio
of 6:6:%:1:3. The ratio of fuel wood of species in these groups
has been estimated as 1:1:2:6:10, '

13 4.3 Demand of timber and fuel wood to be met from the

annual cut for the years 1978, 1983 and 1988 has been re-estimated
after reducing 25% for fuel wood and applying the ratios. The
details are given in the following table: -

Table
DEMAND OF TIMBER AND FUELWOOD TO BE MET FROM THE ANNUAL CUT

1000t e (WRE)

Species Group Year
1978 1983 1988
7 ) 3 L
Conifers
Timber 3,905 12 .365 1 .221
Fuelwood 207 .76% 230.513 255.757
Total 217 .669 ouo 878 . 269.978

Bread leaved

Group A
Timber 9,510 11 .51% 13,128
Fuelwcod 41,553 46,103 51.151
Total 51 .063 57 .617 6 .279
Group B
Timber 9.510 11.51 13.128
Fuelwood 41 .553 46,103 51.151

Total 51,063 57 .617 64,279




1 2 ™3 I
Group C ,
Tinber " 6.340 7 .676 8.752
Fuelwood 83 .105 2,205 102 .303
Total 89 145  99.881 111.055
Group D
Timber 1.585 ©.919 2.188
Fuelweood 249,315 27 7,615 306,908
Total 250,900 27¢ 534 309,096
Group K .
Timber L4..756 5737 6.563
Fuelwoced 415,527 u61.027 511.513
Total 420,283 _ LA6 .70 % 518 .076
Total Broad leaved
5PP.
Timber 31.701 38.380 43.759
Fuelwood 831.053 9r2 ,053 1023,026
Total 862 ,75L 960 433 1066 .785
Total Conifers and
Broad 'leaved spp.
Timber 41,606 50 .745 57 .980
Fuelwood 1038.817 1152 .566 1278.,783
Total 1080.1423 1203 .311 1336.,763
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13.5.1 WOCD BALANCES

The wood balances have been arrived at from Tigures
of "avallability of wood" and "present and projected demand"
as given in tables under paragraphs 13.3.4 and 13.4.3 respec-
tively and are given in the following table:

Table

Ay

WOOD BALANCES

000! m (WRE)

Species group Year
1978 1983 1988
1 i 3 Y
Conifers
Available 684.357 798.416 912.4.76
Demand 217.669 242,878 269.978
surplus 466.688  555.538 642 498
Broad leaved
Group A
Available 178.093 225.616 267.139
Demand 51.063 57.617 64.279
Surplus 127.030 164 .999 202,860
Group B -
Available 147.078 183 .848 220.618
Demand 51.063 57.617 6#.279'—_
sSurplus 96,015 126.231 156.339
Group C
Available 157.84%7 210 .462 263.078*
Demand 89.445 99.881 111,055
Surplus 68.402 110.581 152,023




1 2 3 L
Group D
Available 318,182 Lau,242 530,302
Demand 250.900 278.534 309.096
Surplus 67.282 145.708 221.206
Group E
Available 488.051 650.735 813.418
Demand 420.283 466.784% 518,076
Surplus 67.768 183.951 295.342
V4
Total Broad leaved Spp.
Available 1289.251  1691.903 209%.555
Demand 862.754 960,433 1066.785
Surplus 426.497 731,470 1027.770
Total Conifers and
Broad leaved spp.’
Available 1973 .608 2490,319 3007.,033
Demand 1080.423 1203 .311 1336.763
Surplus 893.185 1287.008 1670.268
13.5.2 The available quantity shown in the above table

includes underbark volume down to 5 cm. diameter over bark.
The demand is inclusive of fuel wood which can mostly be
met from the small sized material, The surplus volume will
therefore, mainly constitute bigger sized material.

13.5.3 The entire material cannot be extracted in log form

due to difficulties in transportation etc. Moreover, conver-
sion at site is suitable for coniferous species for convenience
in transport by river. It is presumed that economic conver-
sicn at site is feasible to the extent of 70, 60 and 50 percents
of available volume in respect of coniferous species in 1978,
1983 and 1988 respectively. As regards broad leaved species,
conversion at site of 20% of the available volume is esti-
mated for all the years.
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13.5.4 The loss in conversion at site for all the species
(conifers and broad ieaved) is estimated to be LO%Z of the
WRE volume. TIn addition, loss of 5% in the volume of coni-
ferous species can take place in transport by rivers.

13.5.5 The net quantities of wood available for industries
have been worked out after giving allowance for loss in

conversion and transport by river as described in paras 13.5.3
and 13.5.4 above and are given in the following table.

Table

WOOD AVATLABLE FOR INDUSTRIAL USE

1CO0' m> (Rounded off)

Species group Year
1978 1983 1988
Conifers 326 412 50L

Broad leaved

Group A 117 152 187
Group B 88 116 14y
Group C - 63 102 140
Group D . 62 134 204
Group E ' 62 169 272
Total Broad leaved spp. 392 673 oL.7
Total Conifers and Broad 718 1085 1451

leaved spp.
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INDUSTRIAL INVESTIGATIONS AND POSSIBILITIES

14,11 INVESTIGATIONS

During the Phase I survey various woods from Bhutan
were tested at Forest Research Institute, Dehra Dun to ascer-
. tain their properties for different end uses., The results
of such tests have been detailed in Phase I Report. It was
observed that the properties of Bhutan woods are no different
than the properties of same species growing in India that have
been tested already. Since the main species, occurring in
Phase II & III, had already been tested, it was considered
not necessary to have the tests carried ocut on the same species
from Phase II & IIT area. Moreover for the time being more
than sufficient data and information was available for Bhutan
woods for setting up of wood based industries. Any specific
test on any wood that may be required can be got carried out
at the Forest Research Institute, Dehra Dun (India), at a
short notice., The available data and information has been
utilized for the following paras.

.21 POTENTIAL

The analysis of surver results shows that speciles
avajilable in Central and Eastern Bhutan are very similar to
North-Western Bhutan. The estimated availability of major
species and groups from the survey are for industrial uses
(possible cut minus local demands) during 1983 and 1988 have
already been given in para 13.5.1. The following table gives

the suitability of different species/groups and their availa-
bility:

Table

AVATLABILITY OF DIFFERENT WCODS FOR _INDUSTRIAL USES
{ef. para 13.5.1)

, 000! m> WRE
Species/ Suitable Availability in
Species group for 1983 1988

1 2 3 L
1. Coniferous T.C.Ply 555,538 642 .4.98
2. Broadleaved
Group A

Betula spp. Ply

Juglans regia Ply

Michelia spp. Ply,

Pencil
Morus laevigata 164.999 202 .860

Phoebe goalparensis

Terminalia mzrioca;@ Ply

Nt S N “aat” gt "ot Nt Vgl Mo




- 157 -

2 3 L

Group B
Acer spp. Peneil, )

Shuttle,

Bobbins
Allantus giandis Pencil
Altingia excelsa
Aioora wallichii Plyv

Cedrela spp. 126.231 156.339

Cinnamomum cecicodaphne

Duabanga - Ply

Sonneratioides

Phoebe hainesiana

Salmaliz malabaricum Match

Schima wallichii Ply

Tetrameles nudiflorsa

N N N S N N N N N N N N N M Nl Mt S N N N S

Group C

Acrocarpus Ply
fraxinifolius

Albizzia spp. Ply
Alnus spp. Pencil

Bucklandi2 populnea 110.581 152,023

R NI I L L NP Nl L N S L W

Castanopsis spp. Sports

) goods
Machilus spp. rencil
Groun D

Bischofia javanica

Garugn pinnata

Lagerstroemia
parviflora

Populus spp. Pencil
Prunus sppD. '

5,708 221,207

R . L WL N L L L )
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Group D (Contd.)

Fterospermun
acerifolium

Quercus Spp. Agriculture
. Implements.

Sterculin villosa

Syzigium‘st.
Croup B

Aesculus punduana

iAmoora rohituka

Cinnamomum tamala

Engelhardtia spicata

Ficus spp.

Kyvdia calycina

Macaranga sSpp.

Ostodes paniculata

Rhododendron spp.

Symplocos sSpicata Pencil

Vitex hetercphylla

Miscellaneous Spp.

L N A

vvvvvvvvuuvuvvvvuvvvvv S

145,708

183.951

221.207

295.343
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.31 EXTSTING WOOD-BASED TNDUSTRIES IN CENTRAL &
BASTERN BHUTAN

There is considerable scope for development of wood-
based industries even in the Central and Eastern Bhutan.
Forests of these regions can supply raw material for different
industries on a sustained basis. Lack of infrastructural
development and consequent high costs of wood extraction thro-
ttles the growth of industries. In addition the power supply
is another bottleneck. With the result the Jevelopnent of
wood~based industries has been able to contribute to the
development of areas, in spite of vast resources. At present
only the following industries based on forest products exist
in the area:-

1. Saw mill at Samdrup Jongkhar

2. Tashi Rosin & Turpentine PFactory,
Samdrup Jongkhar.

3. Blue Point Saw Mill, Korilla

4. Swiss Dairy and Forestry Project - Hand
Sawing Unit, Bayakar. Power operated Saw
Mill has not been installed so far by Swiss
Project for want of electric power.

5. Druk Saw Mill and Veneering Industries,
Gaylegphug.

In addition to the above, there are a number of
village sawers and furniture makers.

1hoh . LIKELY SITES FOR WOOD BASED INDUSTRIAL UNITS

Considering existing availability of land, electric
power, transportation facilities and availability of other
inputs the following places appear to be suitable for diff-
erent types of wood based industrial units:-

h.4.2 Samdrup Jongkhar

It is locdated at the foot hills and 1s very close
to Assam border. The nearest railway station
Rangia, is about 50 km. There is ample flat land,
which can be made available for industries, The
electric power which is presently being drawn from
India willL be able to feed new wood based lndus-
tries. There is a small river in which sufficient
water flows throughout the year to meet the
requirements of the industries. The place is
ideal for setting up a plywood unit.
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.3 Kenglum

The town is about 160 km from Samdrup Jongkhar.
The power is drawn from Tashigang Power Station.
The peak capacity of Tashigang Power Station

is 750 KW and can be increased. At present only
160 KWH is being produced for local consumption.
Some flat land is available around the town which
can be utilised for setting up small saw mill.

ol Limithang

The place is about 300 km from Samdrup Jongkhar

via Tashigang. It is situated at the bank of

Songer river. Flat area is available for indus-
trialisation. There is no problem of water through-
out the year, as two big rivers namely Siri Chu and
Soner Chu have sufficient water throughout the year.
The river Siri Chu can also be used for flcating of
timber. Monger Power Station is producing 44O KWH
of power at present. The capacity of Monger Power
Station can be increased to feed industries. A small
plywood unit and a small unit producing slemcn grass
oll can be set up.

e.4.5  Singur

The place is situated at the height of 2,730 m.
There is ample of flat area for industries. wWater
12quirements can easily be met from the local
streams which are perennial. Th2re is no electric
power available in the area, However, there is
enough scope for setting up small hydro-:lectric
power stations at different places. Singur is
about 330 km from Samdrup Jongkhar via Tashigang.
It is an ideal place for setting up a plywocd unit
producing commercial ply from soft wood rescurces,

1h.h.6 Jra _and Tangsbi Valley

The places are situated at the height of about
3,000 m. These two places are alsc poSsible sites
for setting up saw mills. :

h.4.7 Bhumthang {(Bayvakar)

Bayakar is about 410 km from Samdrup Jongkhar via
Tashigang and about 330 km from Gaylegphug via
Tongsa. Frén Thimphu the place is around 330 km.
The town is situated at the bank of Bhumthang

river. The height of town is 2,600 m from the sea
level. There is a Swiss Dairy and Forestry Project.
The Project has a hand saw mill which is exclusively
sawing the timber for their own use. However, small
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fraction of sawn timber is also being suppllied to
the local population. The Procject has got power-
operated saw mill, which has so far not been
installed, due to non-availability of electric
power. The Project obtains wood from Bapatithang
forest area by gravity ropewsy. About 10 km
towards Ura, there is UNDP Project (Yak and Sheep
Development Project). They have also their own
generator by which PTOJeFt'S electricity demamds
are met with.

The whole area is excellent and has almost flat
terrain and ideal place for any new industry.
Considering the type of species available in the
area and availability of land etc., the place may
be considered even for a bigger wood-based unit
like Pulp and Paper. A 50 tonnes/day cabla-insula-
tion paper plant would be ideal for the place,
provided the roads. are widened to facilitate trans-
portation of heavy-pulp and paper machineries. The
present cost of tran5portat10u of goods by truck,
from Gaylegphug tm-Bayakar is about 1.05 Nu per
kilogram.

1
q

Mangde Chu

The place is situated on the confluence.of River
Tongss and Burunda. The distance from Gaylegphug
is only 130 km. Not much of plain area is availa-
ble bpu:c sufficient area is available for setting
up a small saw mill. There is no electric power,
but can easily be produced locally.

Gayvlegohug

¥

The town is situated at the foot-hills near Assam
border. There are two major wood-based units viz.
Pelri Match Factory and Druk Saw Mill and Veneering
Industries. The power is obtained from India for

ymeeving the requirements of the industries and local

porulation. The place is ideal for setting up any
large scale wood<based industry.

Sarbhang

This town is also situated at the foot-hills near
Assam border., Electric power is_obtained from India
for local consumptimn, This is also an ideal place
for setting up large scale wood-based unit when
Damphu is connected to Wangdiphodrang bty road as
suggested in Phase I Report. All pre-requisites

for industries are .available in the arc:.

[3
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y.5,.1 TMMEDTATE INDUSTRIAL POSSIBILITIES

Establishment of some of the wood industries based
on the basis of existing facilities will enhance the economy
of the nation and help to improve the standard of living of
the people. Based on the available resources in Phase IT & IITY,
the following wood-based industries may be possible in imme-
diate future after feasibility studies are done.

14h.5.2 Integrated Half Wrought Unit:- This unit can manu-
facture pencil slats, shuttles and bobbin blocks. Based

on the available information on forest resources the half
wrought unit of about 6 tonnes per day -capacity can easily
be set up. The unit will use 3 tonnes/day wood for peéncil
slats from which 600 gross pencil slats of 6 ply can be
produced. -

The species suitable for pencil slat and shuttle
and bobbin viz. Maple, Castanopsis and Celtis austraiis
are available in sufficient quantity within Phase II & IIL
areas. The major species which-~are suitable for pencil are
Symplocos spicata, Allantus grandis, Juniperus Spp., Alnus
spp. Machillus spp., Populus spp. etc.

The capital required for setting up such a unit will
be around Nu. 2 million.

14.5.3 . Saw Milling, manufacture of furrniture and packing
cases:- A 1umpber of saw mills ~an easily be set up on the
basis of existing available forest resources. The it>ms which
can be manufaciured from the available species in Phase II &
IIT are household and office furniture and fruit packing

cases & shooks. It is suggested that a wooden packing case
manufacturing vnit at selected location may be set up.

The capital required for a unit manufacturing 60,000 packing
cases per annum would be approximately Nu. 1.5 lakhs.

1.5 Plywood Unit:- The major species suitable for plywood
as recommended by I1I.S.I. are available in Phase II & III in
substantial quantity, as may be seen from the table under para
14..2.1. Commercial and tea-chest guality plywood can be -
manufactured from the resocurces available. B

The ideal location for-setting up of plywood factory,
based on Phase II & III- resourcesd are Samdrup Jongkhar,
Gaylegphug and Bayzkar (Bhumthang). In the former two loca-
tions all necessary facilities for setting up of plywood units
are available. However, transport of ply logs from forest
areas will pose some problem. TIn Bhumthang at present the
facilities are not available for establishing industries.
However, in near future this may be an ideal location for
the industry.

1
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LS

A plywood unit producing more than 10 m Sq.m. can
easily be set up at the proposed locations. The capital
required for setting up an economical unit of 5 m. sq. m.
will be around Nu. 2.5 crores.

4.6, 1 FUTURE POSSIBILITIES

The following industries may be considered for
future planning as®and when the infrastructure facilities
are developed and enough eleciric power becomes available.

14.6.2 Fibre Board:- Fibre board can be manufactured from
the waste wood available from plywood and saw milling indus-
tries. A minimum 50 tonnes/day capacity will be economical
and will require about Nu.150 lakhs as capital. A list of
fibre board machinery suppliers is given below:

1. M/s International Trading Corporation,

2. M/s Project Machine Tools Co. Pvt., Ltd.,
Bell Building, Sir P.M. Road, Bombay-1.

3. M/s Reliable Machines Tools Company ,
31, Canning Street, Calcutta.

4. M/s Siempelkanp & Company, Maschiner
Fabrik, Krefeld, West Germany.

5. M/s J.M. Voith, Gm DH 7920 - Heidenheim
(Brenz) , Germany.

6. M/s Beeker & Van Hillen, Krefeld, West
Germany.

7. M/s Karlstadt Mekanika Workstad, Sweden.
8

. M/s International Design Corporation,
3824, South Pine Street, Tacoma,
WaShingtOl’l bl 98)'}‘1 1 L] U- S .A *

14.6.3 Pulp and Paper:- Forest resources from Phase I, II
& III areas can be used for the manufacture of speciality
papers like cable insulation, sack kraft etc. Thesse papers
require mostly coniferous wood. The capital required for
setting up such a unit will be around Nu.40 crores. Detailed
feasibility report is, however, necessary to be carried out
for such industries.
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CHArTER -XV

INVESTMENT RECOMMENDATTONS

15.7.1 GENERAL

Forests of Central and Eastern Bhutan have enough ,
resources of wood to feed small, medium and large sized wood
based industries as stated in the previous chapters. However,
harvesting of such large quantities -of wood reguires heavy
investment in building up manageridl skills and man-power,
purchase of machines, construction of roads and development
of transport systems.

15.1.2 gilvicultural skills and organisation to regenerate
the harvested areas and to plant more areas are necessary con-
committants of wood harvesting on sustained basis., This also
needs expertise to study the problems and evolve techniques
suitable for local conditions and workers to execute the
regeneration prograuines. Utmost caution is advocated to handle
these problems against any hurried cutting of forests without
proper solution of regeneration and silvicultural problems.

‘\
15.1.3 The expansion of the Department of Forestry l.as to
precede the forestry development , harvesting of wood and setting
up of big sized industries. T.ie forests have to be properly
demarcated and brought under scientific management plans. The
Forest Department would need professionally trained foresters
and skilled workers to handle the forestry development. plans
and wood harvesting.

15.1.% tpre-investment! study of the planning and investment
calculations presented in this report are of macro-level where
problems are dealt with on over-all basis. The time horizon
for macro planning is generally 25 years and may go upto the
rotation age of forests, say 100 years or moTE€. The detailed
or micro-level planning can be done with the help of data
presented, calculations done, back ground and principles
discussed. The final decision of alternative technology to

be used are left at the discretion of the local manager, who
will have to keep in mind the policies of the Royal Government
of Bhutan, the local cultural, socio—-economic and technological
conditions and help available at the site.’

15.1.5 The report discusses the possibible investments to be
made in presently accessible areas for timber extraction on
rational basis. The investment for various machines and
requirement of man-pover have been discussed. Information for
other possible points for timber extraction and setting up of

wood based industries can be interpolated or extrapolated as
required.
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15.2.1 ¥ INVESTMENT CALCULATIONS

For calculations of investment requirement, operation-
wise details of tools/machines necessary, their cost (1978-79
level in Indian markets), average annual out-put (producticn)
of each tool/machine and manpower needed for handling them,
have been worked out and are given in the follcwing table.
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15.2.2 It was not possible to ascertain the econcmic life
of the individual tools/machines and the depreciation shall
have to be calculated at the time of the capital Znvestment,
depending on the guality of the tools/machines available
and the conditions under which these have to be used.

15.2.3 Depending upon the total available volume, volume
‘proposed to be extracted, the assortment reguirecd and the
technology and transport to be utilized, the total investrents
and regquirement of manpower can be calculated. 7The tralning
of managers, supervisors, technlicians and skilled & semi-
skilled labour shall alsc have to be planned before hand while
taking up any logging project.

15.2.% Costs on management, supervision and wagss have to
be provided for as working capital.

15.2.5 The area and total growing stock of the 'operable
forests" work out at 7,57,197 ha (para 9.3.2) and *984052,581 m3
(para 9.4.1) respectively. The average growing stock of opera-
ble forests is, therefore, 261.56 m3/ha.

15.2.6 It has been estimated in para 13.3.4 that in the base
year 1978, 1,973,608 m3 of wood in round can be available,
after allowing 15% conversion losses. This equals to 2.3
million m° standing veolume in the forests. To extract this
volume after the requisite infrastructure has been built up
and managerial and supervisory skills are available, the

estimated capital investment and manpower are given in the
following table.
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15.2.7 The table in the above para would give an idea of
magnitudes of the various problems. The requirement of man-
power, in spite of the possible mechanization alone would be

a2 problem that shall have tc be tackled and may slow down all
the forestry operations for utilization of available wood.

In this table the use of tractors, gravity ropeways and cable
cranes have been provided according to the results of studies
conducted for "Accessibility and Cost" (Chapter XI - Volume I).

15.3.1 INVESTMENT &EST IMATES

bBased upon the discussicns in the preceding paragraphs,
the estimates for total investment required in various sectors
of forestry by 1988, to realize the available yield with proper
Scientific management of the forests of the area under report,
have been worked out and are given in the following table:

Table

INVESTMENT REQUIREMENT UNDER VARIOUS FORESTRY SICTORS

Investment Period Average annual
Nu Million (years) investment
Nu million

Sector

Training of staff 3 5 0.6
Survey & Demarcation 3 5 0.6
Preparation of logging 3 5 0.6
& regeneration plans
River improvements 1.5 5 0.3
Constructicon & maintenance 8 0.5
of bwuildings.
Construction & maintenance
of -~
(a) Puceca Roads 220 8 27 .5
(b) Forest Roads 110 8 13 .8
Purchase of logging & 300 8 37.5
other machinery inclu-
ding trucks etc,
Regeneration & planting. 12.5 8 1.6

657 8 83.0
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15.3.2 As suggested in para 11.10.2 the expenditure on cons-
truction and maintenance of new roads which are required for
general area development may not be charged entirely to the
forestry sector,

15.3.3 The purchase of logging and other machinery provides
for maximum possible mechanization, as can be anticipated.
However, in spite of the possible mechanization, adequate
manpower would be required., The estimates of manpewer reguire-
ment are given in the table of para 15.2.6.
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APPENDTIX 13.1 (VIDE PARA 2.7.1 OF THE REPORT)

A GLOSSARY OF LOCAL NAMES OF COMMON PLANTS WITH THEIR

Trees

BOTANICAL

EQUIVALENTS

Local Name

o= v o e

Botanical Name

Agar

Ajhar, Jorul
Akhane

Am

Amari, Lali
Amaro, Amara
Ambake, Jamune
Angare

Archal
Arkaula, Amkhola
Arupate

Athor

Badam

Bahuri Kath
Bajrath
Bandre, Lemtem
Bange

Barahar
Barkaunle

Barrar

Behera, Barra/Burna

Bepari

Bhadrase

Aquilario agallocha
Lagerstroemia flosreginge
Alangium spp.
Mangifera spp.
Amoora wallichii
Spondias mangifera
Jambosa formosa
Phoebe hainesiana
Antidesma diandrum
uercus spicata
Prunus nepalensis
Artocarpus spp.
Sterculia alata
Marsdenia spp.
Quercus semiserrata
Gynocardia sSpp. .
Berchemia floribunda
Ficus bangalensis
Casearia gbmerata
Artocarpus lakoocha
Terminalia belerica
Ostodes paniculata

Elaeocarpus varunua
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Local Name

Botanical Name

Bhalayo/Bakimlo

Bhalu ath
Bhelkor

Bhelu
Bhojpatra/Birth
Blue pine
Bogipoma

Boharji

Bola, Kimbu
Bonsum

Buk

Buraahoyaro
Burarnce

Champ

Chaplash

Chatiwan
Chhalegach, Gendhillipoma
Chikrase, Bogipoma
Chilaune, Gogrsa
Chinde

Chir

Chiwari

Chunyel, Thekra

Cyprus

Faant o4

ot e

Rhus griffithii
Semecarpus anacardium

Talauma hodgsoni
Trewia nudiflora
Tetrameles nudiflora
Betula spp.

Pinus excelsa
Chuckrassiz tabularis
Cardia obliqua

Morus laevigata
Phoebe goalparensis
Quercus spp.
Lagerstroemia parviflors
Rhododendron SPpP.
Michelia champaca
Artocarpus Spp.
Alstonia scholaris
Dyscoxrlum hamiltonii
Chuckrassia tabularis
Sphima wallichii
Macropanax Spp.

Pinus roxburghii

Bassia butvraces
Mellosma simplicifolia

Garcinisa tinctoria

Cupressus spp.
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Local Name

Botanical Name

Dabdabe
Dalchiwari
Dews

Dhuna

Dudhe Lampati
bDudhila
Dumri

Gamar, Khamar
Canserai
Gante, Bandre
Gayo/CGaumbha, Kuhir
Choge Champ
Gineri

Gobre
Gobresall
Godgudal
Gogun

Gokul
Gokuldhup, Dhuna
cuenylo
Haldu
Halonre, Jai
. Hare

Harra
Hatipaile

Hemlock

Garuga Pinnata
ILlaeccarpus aristatus
Artocarpus lakoocha
Canarium sikkimense
Litsaea spp.

Ficus nemoralis

Ficus glcmerata
Gmelina arborea
Cinnamomum cecicodaphne
Dynocardia odorata
Bridelia retusa
Magnolia spp.

Premna bengalensis
Echinocarnus sterculiaceus
Abies densa

Sterculia villosa
Saurauia napaulensis
Ailantus grandis
Canarium sikkimense
Callicarpa arborea
Adina cordifolia

Odina wodier

Drypetes lancifolia
Terminalia chebula
Pterospermum acerifolium

Tsuga brunonisna
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Local Name

T — N
’{"’Botanical Nane

Hollock, Panisaj

Holure
Jammuna, Jamun
Jarul - ’

Jhankri Kath
Jhikri
Jhingni

Jua

Juniper
Jutuli

Kabra

Kadam
Kakuff
Kalikath
Kalipahenle
Kanjal, Uriam
Kapasil/Kapari
Karan
Kathal
Katus

Kawla

Khair
Khamari
Khanakpa
Khanium

Kharane

Terminalia myriocarpa

-

Lannea coromandelica

Syzigium sSpp.

Larix griffithii

Phoebe lanceolata

Altingla excelsa

Burya Japonica

Lannea coromandelica

Juniperus sppe.
Altingia excelsa

Ficus benjamina

Anthocephalus cadamba

u L D

Acaclia lenticularis

[prup

Sarcosperma arboreum

Litsaea oblonga

Blschofia Jjavanlca

Acer spD.

Adina cordifolia
Artocarpus spp.
Castanopsls spp.
Machilus spp.
Acacia catechu
Gmelina arborea
Evodia spp.

Ficus cunia
>

Symplocos spicata

’
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«J,0cal Name Botanical Name

e ottt o}

Khari Celtis tetrandra
Khhira ‘ Holarrhena antidycenterica
Khokan/Khoku Duabanga sonneraticides
Kholme Symplocos spicatca’
Khorsane - Cinnamomum caudatum
Kimbu Morus laevigata
Kubinde, Pichala Kydia calycina
Kulir . Bridelia retusa
Kumbhi Careya arborea
‘H‘-j B

Kutmero Litsaea polyantha
Labar - ~'Filcus elastica
Labshi ‘ '{ Firmiana colorata

Pterygota alata(Sterculia)
- — S - —— J--4lata-. . - - R
Lahasune- ! ; ~AiﬂAmoor;Mpohituka.uw e e
Lake:chilaune Nyssa Javanica-
Lald -~ Amoora wallichii ~t L
Lalikaram. -, P Hymenodictyon excelsum -
Lampate : Duabanga ssonneratioides
Lapcha, Croton tiglium .
Lapehi (Phal) : Machilus edulis

Lareh ., , -~ .- Larix griffithii

Lathi Kath ' Gldchidion thamsoni

Lathor, Sam . Artocarpus chaplasna
Lati mauwa - Glochldion =zssamicux
Letar/Lathar Artocarpus chaplasha

Maina; Bhelu ¥ Tetrameles nudiflcra
Y e .

A
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L.ocal Name

o e 20 =]

Botaﬁical Name

Malagiri, Gonseral
Malata
Mandane/Mondaney
Mango, Am’

Mauwa

Maya (XKath)
Morange

Ndéeswar

Nebharo

odal

Okhar

Pahenle.
Pakasal]
Panchpafg
Panchphal
Panisa]

Parari

Patpate :
Phalame
Phaledo

Phurse Champ
Pipli .
pitali, Bhelker

Pipalpate

Poma

v

Cinnamomun cecicodaphne
Macaranga Spp.
Acrocarpus fraxindfolius
Mangifero sylvatica
Engelhardtia spicata
Eriobotrya bengalensis
Laportea crenulata
Mensua ferrea

Ficus hookeri
Ficus roxburghii

Sterculia villo=a
Juglans regia
Neonsucles griffithii
Terminalia tomentoza
Vitex heterophyila
Dillenia indica
Terminalia myriocarpa
Stereospermum chelonoides
Meliosma simplicifolia
Myrsina semiserrata
Erythrina indica
Michelia spp.
Bucklandia populnea
Trewia nudiflora

Populus glaucea
Sapium eugeniaefolium

Cedrela SDD.
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Local Name

Botanical Name

Popular
Putli
Rajbrikha
Rakat Chandan
Ritha

Rohini

Sain

Sal

Salla

Sam

Samgata

Sani

Sarla
Satisalo
Satpati

Seti, Jutuli
Seto-0dal
S8idha, Sida
Simul, Simal
Sindhre
Sinkauli, Sinhal
Siris
Sissoo/Sissna
Sonalu

Swami

Tanki

Tarsing

Populus sppe.

Acer 1aevigatum

Cassia fistula
Daphni-phyllum himalayense
Saplndus detergens
Mallotus sppe.
Terminalia tomentosa
éhorea rocbusta

Tsuga brunoniana
Betula alnoides
Duabanga sonneratioides
Artocarpus spp.

Pinus roxburghii
Dalbergia latifolia
Aescuius punduana
Altingia excelsa
Firmiana colorata
Lagerstroemiza parviflora
Salpmalia malabaricum
Mallotus philippinensis
Lindera pulcherrima
Albizzia spp.
Dalbergia siésoo
Cassia fistula

Ficus sppe.

Bauhinia spp.
Beilschmiedia spp-
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Tartari

Teak

Tejpat

Tengre

Thalil

Thulo pahenla

Toan, Poma

Uriam
Utis
walnut

Yew

Assamlata
Basak
Chitu
Dhuptita
Hardi Kath
Mechia sag
Morange
Pipla
Sisnu
Taraphul
Titapat

Sl ymef,

SHRUBS

Pillenia pentagyna
Tectona grandis
Cinmamomum tamala
Tsuga brunoniana
Turpinia pomifera
Litsaea spp.

Cedrela toona
Cedrela febrifuga

Bischofia jévanica
Alnus nepalensis
Juglans regia

Taxus baccata

Fupatorium odoratum
Dichrod febrifuga
Clercdendron infortunatum
Phlogacanthus thyrsiflorus
Morinda citrifolia
Murraya Koenigii

Laportea crenulata

Piper spp.

Girardinia palmata

Coffea bengalensis

Artimesia vulgaris
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- PALM
Tarika
BAMBOOS
Bhalubans
Choyabans
Gopebans
Phaling
GRASS
Sau
CLIMBERS
Debre lahara
Kurkus | §
1§

Pani Lahara

Phoenix rupicola -

Dendrocalamus sikkimensis

Dendrocalamus hamiltonil

Cephalostachyum capitatum

Pseudostachyun polymorphum

Pollinia ciliata

Spatholobus roxburghii

Millettia auricalata
Smilax macrophylla

Vitis latifolia





