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INTRODUCTION

These Guidelines have been prepared as part of the Aerial Photogra-
phy and Forest Management Plan in the Encroached National Reserve
Forest in the Kingdom of Thailand, the relevant work being conducted in
the 3 years between 1985 and 1988, to assist national forest management
in the western mountainous area of the Kanchanaburi Region.

For proper management, the management method must be clearly
determined and the subject areas property confirmed. Consideration has
been given simply to management so that the Guidelines may effectively
assist those preparing forest management plans lor the first time. We
hope that the RFD will prepare experimental management plans for
other areas based on the present guidelines and will establish a suitable
management plan for the national reserve forest in Thailand.
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1. NECESSITY FOR NATIONAL FOREST MANAGEMEN!‘
PLANS

_’I‘he'_objective of a nationa_l forest management plan is the achieve-
ment of effective national forest management, i.e. the full utilization of
specific forest functions,

11 Speciul Feqi‘ures of Forestry

i ) Long. Ploducuon Cyde :
Compared to othe1 land use ll’ldubtl ies, such as agriculture and
livestock raising, the production cycle of forestry is extremely long.
'Satisfactor'y prdductio_n results can only be achieved under a consis-
tent management policy over a long period of time.

i) Extensi\re Production Area
The implementation. of efficient and effective forestry work with
forest resources coveri'ng an extensive area is difficult without a
proper management plan.

iif) Different Stages' of Tr_ée Matuﬁty
Trees above a certain size can produce a useful yield. However, the
economically most efficient wtilization of these trees can only be
achieved with an appropr'iate management plan which takes the
forest and economic conditions into consideration.

iv) Unste_ady Rela_tionship Between Stand and Yield Volumes
The relationship between the stand volume and the yield volume is
similar to that between capital and interest. The stand volume will
not decline if the extraction volume is tess than the growth volume.
As stated ea_rlier, however, trees are only usable after reaching a
certain state of maturity. Therefore, the extraction often exceeds the
growth vol'ume, resulting in a decline of the stand volume which in
turn jeopardizés the basis of forest management. Forest management
plans are required to prevent this and also to maintain sound forests,



1--2 Functions of National Forests

i) Supply of Forest Products
Forest management plans with a long-term per spective are necessary
to secure a stable supply of timber for bmldmg and fuewood essen-

tial for the country.

1) Public Functions
Forests are expected to fuifll not only economic functions put also
those functions of public benefit,. such as water source conservation,
natural paxks wildlife reserves and public Tecreation areas. Appro-
priate forest management plans are requlred as the management of
national forests in terms of these public functmns 1eqmres gpecial
consideration.

iii) Contribution to Local Economy’ .
Continuous felling and reforestation work in the national forests.
greatly contributes to the local communities by the provision of
forest products and employment opportunities and management
plans are necesqazy for their sy stematlc and continuous implementa-
tion. '

1 —3 Current State of Nuﬁonul Forests in Yhailand

Thailand’s national forests cover an ‘area of 22.2 million ha,
amounting to 43% of the total land afea, and greatly contribute to
the national budget thro'ﬁgh’ the sale and export of timbher and to the
people through their economic and public functions. In recent years,
however, the forest cover has been conspicuously declining, from
over 53% of the total land area in 1961 to approximately 20% (14.91
million ha) in 1985,



. Transition of Forest Cover

Year .Foreét A_r.ea (‘.::ﬁﬁ) Ratio to. ’fota} Land (%)
o1 | emee | 53.33
1973 | 221,707 : 43.'2;7 -
1976 198417 - 38.67
1978 175,224 3415
1982 | | 156,600 30.52
1985 149,053" 29._05

-(Source) Forestry Statistics of Thailand 1986, RFD based on Landsat
SUrvey '

Excluding private forests which are negligible, the difference between
the 'zict_tial forest cover and the national forest area is some 7 million ha
which is assumed to have been left devastated as a result of felling and
the sglja'sh-'a'ﬁd-bhrn method of agriculture. As th-e'prevenﬁon of the further
decline of the forest cover is one of the priority policy targets of the Thai
Government, careful forest management is necessary for the achievement

- of _this target based on well prepared, appropriate national forest man-
‘agement plans. '



2. PREPARATION OF NATIONAL FOREST MANAGEMENT
PLANS AND ESSENTIAL POINTS FOR MANAGEM-

ENT

The contents of national forest management plans vary in accordance
with the locations, areas and characteristics of ‘the subject forests.
Those considered to be of particular importance in terms of the
preparatioxi and implementation of a management plan are mainly

described.

2 -1 Basic Principles for Management Plan Prépuration

Prior consideration should always be given"to certain points in the
preparation of a national forest management plan, ie. D future mainte-
nance of the vield of the forest in guestion, @) effective utilization of the
forest and @) pr 1or1ty of land conservation and public be'leflts including
the improvement of national welfare.

22 Determination of Subject Forests

The subject area of a national forest -management plan should be
clearly determined, generally for each management unit. A management
unit is an area whose treatment as a smgle entity is deemed convenient
in terms of forest management and de_velopment. The___actual designation
of an area as a management unit should be made taking river basin
control and forestry work intensity, etc. into consideration and it is
advantageous if the unit coincides with an administrative area or a large

river basin.

2—-2—1 Land Use Survey

A land use survey'shéuld be conducted following the determination of
the management plan’s subject area, on which the basic po’lici'es for the -
management plan, confirmation of boundaries and national forest utiliza-
tion by local inhabitants can be based. As national forests are large and
often located in remote areas with poor transportation, the ménitoriﬁg of
them tends to be inadequate, resulting in illegal settlement, felling or



farming. The survey should cover the follwing and it is recommended
that it be conducted by aerial photography where possible to avoid
dangerous situations. '

“1) Number of households, population, livelihood and area of each land
use category for each village

it ) Locations of illegal forest use

1i) Locations.of illegal felling

iv) Locations where land and/or trees belonging to a national forest

~ have been sold '

v ) Locations v}here the use of the natibnal forest is officially permitted

or where the land is leased '

'2-2-2 Land Use Suitability Survey

In addition to the actual state of national forest utilization, the prior
determination of for what purposes the subject area can be used is also
useful for the preparation of a management plan.

Agriculture, forestry _and livestock raising are considered to be suit-
able uses of a forest ‘while incidental uses -are considered to be its

‘residential use by local inhabi'tahts; Tts use as a tourist attraction and its
use as a location for country houses. With regard to its use for agricul-
ture, foré'stry and/or livestock raising purposes, whether or not particu-
lar ar¢as are more’ suitable than others can be determined using the

. workability and growth factors (in turn determined on the basis of the
land gradient and soil type) provided the climatic and transportation
conditions are similar.

The results of the land use suitability survey on the model area are
given in the following table.



Land Use Suitability Based on Land Gradient and Soil '1‘ype‘ '

Sgi.l Type Ne Bec | Lv-Ber - E-l
lvi-
GradientSlon A F L A F L A F L A F L_
s L1 1 [t 1 142 2 2|3 3. 3
6 — 8° o1 2 1 1 32 2 3 3 3
9 —13° 3 1 2 2 1 2 32 2 3 3 3
14 —18° 3 1 2 13 2 2 3 2 2 X 3 3
19 —23° X 2 3 302 2 | X 3 3 X X 3
24 —30° X 2 X | X 3 3 | X X3 X XX
31° - XX X b x X X | X X X | X XX

A: Agriculture, F: Forestry, L: Livestock Raising
{Note) 1:Most Suited, 2 :Suited, 3:Not Particularly Suitéd, X : Unsuited

. For the selection of reforestation or settlement sites, the suitability of
candidate sites can be determined by conducting a land gradient and soil
type survey and checking-the survey results against the table. In addition,
the question of water supply which is not dealt with in the table should
be considered.



2—-2-3 Co_nfirmqtion of Boundaries

Aithough it le genelally believed that the boundaries of national
foreets (also the houndaues of admmrstzatwe aleas) are clearly deter-
mined, this is in fact untrue, Partlcuiarly in those areas where customary
rights of use exist, where local inhabitants have had monopoly use for a
'long period of timé or where river channels frequently change due to
floodlng Disputes may arise when boundary (,onfnmatlon is planned
without prior Consultatlon with those iesponsrble {or owners) for the
nelghbounng areas and customary users. As boundary confirmation
relates to the e‘ustmg rlghts of mhabltants, relevant materials and inhab-
itants’ clalms should be (,arefully checked Inhabitants should be given a
careful and adequate explamtron wnth reference to the relevant acts and
materials. Even when- dealmg with 1]1ega1 settlers, care must be taken to
per%uade them that they have no legal rights to be where the}r are and to
reach an agreement that they wﬂl move after a certain period of grace.

Negotlatlone often proceed smoothiy when an actual relocation site is
' given. ' ' _
Aftel agr eements have been reached (forced agreements in some
casee) boundary posts should be erected. Wooden posts are adequate for
tempor ary purposes but senahzed bounda1 y stones should be subseqtient-
ly p031t10ned for permanent boundal y indication. In some cases, existing
rocks or l)anlungs can be used instead of. posts Cha:coal or ceramic
pieces are eometrmes used beneath the posts in the case of the latter being
damaged or removed in view of easy boundar ¥ rceognltlon Trees can be
planted to make a demareatron line if agreement can be reached with the
neighbours concerned. Followmg the confirmation of boundaries, survey-
ing should be conducted to prepare a boundary map which should be
permanently stored together with all field notes.

2-2-4 Notificution

After boundary confirmation, notices shorﬂd be p provided along road-
: 81des etc to mform the public. that the-area is a national forest. In
add1t10n notlces clearly statmg that unduthorued entry into the national
' forest for fellmg, firewood: co]lectlon burning and/ or farmmg purposes is
pr OhlbltEd should also be provided. _ :

Gates and barbed wire fences, should be pI‘OVlded in those places

_ _where it 1s beheved to. be ‘par tlcularly important to prevent entry. In

:-Sh()lt desures should be taken to cleally show the Government’s deci-



sion to prohibit unauthorized entr y mto the national fmest

In the case of thoge areas in national forests where thore is ir equent
illegral fcllmg, illegal falmmg or fires, the possible causes should be
carefully examined so that appropriate measures to improve the situation

can be taken.

' 2--3 Plan Period

The 1mplementahon per iod for ndtional forest mdnagement plans is
generally between 5 and 10 years. New surveys should be conducted
towards the end of the initial plan peuod (usually in the final year) and
the subsequent plan should commence after any necessal v adjustments
have been made based on the survey 1esults '

Wlth regard to plan names, the serial numberi mg method usmg the
same plan name should be employed to show ‘the continuity of the plan,
i.e Ist Management Plan for so-and-so Working Avea, 2nd Management
Plan for so-and-so Working Area and so on. Provisional modifications
should be made when a major revision of the plan appears hecessa'ry
during the plan period due to a drastic change in the economy or other
reasons. In this case, the revised ‘plan should be named the Ist (or 2nd,
ete.) Revised Plan of the 1st (or 2nd, etc) \/Ianagement Plan for so-and-so
Working Avea.

Although the standard plan period is 10 years, it has recently become
a common practice to introduce a revised plan after 5 vears in order to
meet rapid social and economic changes. '

24 Zoning

For the proper management of national forests, such essential infor-
mation as location and available forest resources, etc. must b.e correctly
understood and recorded. The zoning of forests into working areas,
compartments and sub- compartmnents can be 1utr0duced to mdlcdte unit
subject areas for iecordmg purposes.

2 —4—- 1 Topographical and Other Maps

A map of the subject area must be prepared prior to zoning, showing
major topographical features and structures such as rivers, lakes, falls,



roads and buildings, etc. As map preparation using the ground surveying
method is both costly and time consuming, aerial photography has heen
increasingly conducted in recent years. A scale of either 1:5,000 or 1: 10,
000 is recommended in the case of a contour map based on aerial
photographs being used as the basic map. As this map is extremecly
important for forest management, in addition to its zoning use, it should
_b_e. permanently stored.

A forest type map can also bé prepared from aerial photographs. Each
-sfénd, i.e. area of speciiic forest type, is classified as a sub-compartment
which is the basic unit for forest management. Forest type descriptions
are given later (see Page 13). The scale of the forest type map should be
between 1 : 20,000 and 1 : 50,000 depending on the intensity of forestry
work in the subject area. Forest type maps are sometimes prepaved by
transcribing the forest types onto the basic map. In this case, the scale of
the forestry type map should naturally be the same as that of the
original basic map.

2—4-2 Working Areas

As referred to in 2—2, a working area is a management unit and is
also called a ‘management area or a working:unit. While there is no
- definition for the size of a working area, it is generally said that an area
which can be supervised by one chief engineer is the maximum size,
_Accordi'ngly, the size of a working area tends to be large when such
forestry work as felling and reforestation 1s not infensive and small when
there is a large Iabpur input for intensive forestry work. It is appropriate
to consider the question of sustained yicld referred to in 2—1 within the
framework of a working area.

2— 4—3 Compartments

Compartments are fixed zones in a working area which areused to
clarify forest locations and forestry uses. Compartraent boundaries are
usually either natural or administrative boundaries. A compartment
generally consists of a sméll'ri_ver basin or a slope on the right or left
bank of a s_mé_ﬂ river. When natural boundariesdo not exist, as in the case
of forests on flat land, such artificial boundaries as roads and firebreaks
are used to determine the compartment boundaries.

‘The size of a compartment depends on the topographical conditons
and the forestry work intensity. However, the collection of forest infor-



mation and the implementation of forestry work is c_}ifficult if the com-
partment is too large: In general, an approriate compartment size is 500
- 2,000 ha although compartments smaller than 100 ha do exist.

2— 44 Sub-compariments

Sub-compattments are temporary-Zones Wi_thin a compartment which
are introduced to facilitate forestry work. In general, one stib-
compartment is a stand where a specific tree type, stand age and forest
use type are found to be common. Sub-compartments boundaries are also
determined by land use demarcation lines and administrative boundaries.

Sub-compartments m the model area were provisionally introduced
based on forest types and forest management plan, in turn based on aerial
photograph interpretation, in view of the lack of adequate forest informa-
tion. They will be furthér divided into proper sub-compariments with the
accumulation of relevant information in the future, including forest use
types and land use classification.

2—4- 5 Missing Numbers and Suffixial Numbers

When part of a national forest is converied to farmland or to another
type of land use, one or more compartments may become non-existent. In
this case, the serial number of these compartments should be treated as
missing. Conversely, when new compariments are added to a national
{orest, the original series should not be used and a new series should start,
moving the figure up one place.

While all compartments are subject to a new series when anew
management plan commences, suffixial numbers should be used to disiin-
guish the different zones in the same sub-compartment where further
division is deemed appropriate due to topographical or other factors
involved.

2—5 Confirmation of Legal Regulations

Forestry work may be restricted by acts and ordinances and, there-
fore, comllpefent departments and agencies shou_ld be consulted to obtain
a clear understanding of the exact scopes of any restrictions and these
must be clearly described in the mariagé’ment plans. Consideration should
also be given to land classifications in force (for eéxample, mining areas)
by other depariments. There are'cm'rent'ly 7 regulated forests under- the



3unsdlct10n of the RFD.

In view of the fact that str ong- concern -in regard to environmental
conservation has been incr easmgly expr essed all over the world in recent
years, those responsible for forest administration, particularly those in
charge of for est management planning, should execute their duties
Iegaldmg the conservation of the’ natural envuonment with the utmost
seriousness. It is recommended thdt p1 otection measures for those forests
deemed worthy of conservation by forest experts be nnplunented regard-
less of legal regulations to clearly demonstrate the determination of those

responsible,
i } National Parks v) Game Preserves
i) Forest Parks vi) Botanical Gardens
i) Wildlife Parks - vil) Arboretums

iv) Wildlife Sanctuaries

26 Forest Surve.ys

Once the area of each forest zone has been determined, forest surveys
should be _r':'on'dructed to decide the productive capacity of each zone so
that an understanding of the contents of the forest resources and impor-
tant materials for future use can be obtained.

2—6—1 Land Conditions Survey

The land conditions survey is intended to elucidate the conditions of
the location to obtain a scientific basis for forest management in the
subject area. Depending on the 1eq111rements the survey should be con-
ducted for each sub- compdltmcnt or for the entire area.

a. Location

Survey items includé the latitude and longitude of the subject area,
administr ative boundaries, tr ansportahon facilities and the relationship
w1th forest product malkets In addltmn a location map should be
plepared

b. Climate
Using relevant data on the subject area and/or surrounding areas, the



temperature (annual mean temperature and maximum and mmlmum
temperatures, etc.), rainfall (monthly rainfall) and winds (p1 evailing,
directions and storm wind directions, etc.) should be s_tuche_d

c. T opoglaphy _
Survey items include the dnectlons of main mountam ranges, major
rivers, elevation (maximum elevation and cover age), glad1ent (flat, gen-
tle, medium or steep) and gradieht directions (8 directions).

d. Geology _
The geological age and type of bedrock of the subject area should be
studied using geological maps and other 1elevan_t materials and. con-
firmed by the field survey. '

e. Soil
Existing soil maps should be used to study the soil dlstnbuilon condl

tions. As there is a close relationship between soil types and tree gr owth,
it is rgcommended that soil maps be prepared by conducting a soil survey
if maps are unavailable. The 1'elationshi'p between the soil types and tree
growth in the model area is separately described (see Page 30). As the
tree growth can be roughly under stood by referring to the 3011 texture
(given in terms of the soil's clay content), the s0il depth (shailow medium
or deep), hardness (hard, medium, soft) and soil _mmsture (dry, moist or
wet) should be studied. ' )

2--6-—-2 Forest Conditions Survey

The forest conditions survey is intended to elucidate the current forest
conditions to obtain a scientific basis for determining immediate and
future forest uses. '

a. Vegetation

.The characteristics of both the geographical and ecoiogical distribu-
tion of forest vegetation should be clarified using existing_ materials and
survey data on sample plots. While various forest cl'a_ssifications are used
by different countries and scholars, the foliowing forest types currently in
use in Thatland are deemed adequate. '

1) Tropical LEvergreen Forest
i) Mixed Deciduous Forest

—12-



1il) Deciduous Dipterocarp Forest
iv) Mangrove Forest

v) Pine Forest

vi) Scrub Forest

vil) Para Rubber Plantation Area

Forests classified as iv) - vii} do not exist in the model area.

b. Tree Species R

As a natural tropical forest consists of a number of species and as
both useful species and unexploited species are mixed together, it is
difficult to conduct a survey on each speéies. Nevertheless, survey accu-
racy should be gradually improved by using the yield survey results and
other data so that a correct understanding of the stand volumes of the
main species can be obtained. RFD circulars should be referred to for the
species to be indicated in the survey results.

c. Forest Age and Age Class.
A forest age survey on natural forests is not recoimmmended as it would
result in unnecessary confusion. The indication of the forest ages of
artificial forests should suffice for immediate purposes.

d. Crown Density
The crown density is given as the ratio of the area shaded by crown
to the entire area. In the case of a tropical forest where crown layers of
upper, intermediate and lower are usually distinguishable from one
anothef, the crown density of the forest is usually that of the upper layers.
As a ground survey on the entire area is difficult, the crown density is
usually determined from aerial photographs.

e. Forest Management Type

Areas are classified as either stocked aresas (natural or artificial
* forests) or unstocked areas (cut-over areas, no standing (ree areas or
non-forest areas).

f F orest Type

_ Forest type classifica_tion is extremely important to decide forest
work policies and the following classifications can be used.

—13—



i) Artificial Forest, Natural Forest, Secondary {(Natural) Forest and
Cut-Over Area L R '

i) Coniferous Forest, Broad-Leaved Forest and Mixed Forest

ii1) Mountain Fbrest, Hill Forest, Flat Land Forest, Swamp Forest and
Coastal Forest ' -

These classifications-are often combined '(f'or example, co'ni'ferous',
artificial forest or broad-leaved, natural forest). Aerial photographs are
used to identify forest types. '

g. Forest Form™
Although the forest form is usually determined by the crown cover
conditions, it can also be determined by the height grade.

i) Crown Coveér Classification {(uniforin forest, two-storied forest,
multi-storied forest, selective felling forest and coppice forest)

i) Tree Height Grade Classification (high, medium and low)

iii) Crown Diameter Classification (large, medium and small)

In regard to the forest type classification of the model area, the
current forest conditions were indicated in detail by combining the forest
tvpe, forest form and crown density for the convenience of analysis and
practical forest use (see example given below).

Example
Te M La -‘H, D,
Crown Density {(Medium)
Tree Height (Medium)
Crown Diameter (Large)
Mountain Forest
“Tropical Evergreen Forest
The followi_ng table gives the forest type and forest form standards

used in the survey on the model area.

__.14__



Land Use and F;}l‘est Type Classification Standards
Genei.‘a‘l L ' Fdr_est Type and Land Use | Symbol
Classification T R
Forest Tropical Evergreen Forest T

- Mixed Deciduous Forest M,

Deciduous Dipterocarp Dy

Forest -

BRamboo Forest Be

_ Secondary Forest Sr
‘Non-Forest Farmland A
' Grassland G
Village Vv

River R

Lake: L

Batren Land B

Plantation P

Others 0

Forest Form Classification Standards

Forest Type by Site

Crown Diameter

Tree Height

Crown Density

Mountain Forest M
Hill Forest H
F lat Land Forest F

La (17m or more}
Mi (11m - 17in) H, (18m- 22}

Sm {(10m or less)

H, (23ﬁ1 or moie)

H, (17m or less)

D. (61% or more)
D; (51% - 60%)
D, (41% - 50%)
D, (40% or less)

h. Forest Stand Composition.
~ With regard to the stand composition, the D.B.H. (or G.B.11), total
tree height, clear ]ength , number of trees and the stand volume should be

studied for each sub-compartment. However, as this is both expensive

and rt'ime cénsuming% a f(')re_s't_ type map based on aerial photograph

interpretation can he used to establish a samiple plot for each forest type,
The stand composition of each sub-compartment should then be esli-

mated using the field survey results on the sample plots.




The munber, sizes and shapes of the. sample plots depends on the
required accuracy and actual conditions of the stands.

The decision on the lequned number of sample plots under given
conditions follows the ordinary sampling method in statistical processing.
Since supplementary surveys are difficult in the case of for ests, a fairly
large safety margin should be given to the fluctuation coefficient so t'hat
the resulting number of required samples tends to be on the larger side.

In the case of those sites where feliing takes place in the plan period

[1st working period (10 years)] ; either the all tree measurement method
for the whole stand, or the sampling method of a large number should be
used, so that planned féllin'g can be acéuratély conducted.

As it is difficult to measure the heights of all trees in a sample plot,
it is a common practice to measure the actual heights of standard trees
and then to estimate heights of the stand based on the height curve which
gives the relation belween the D.B.H, and the tree height.

Clear length is an indispensable factor to identify the effective stand
volume and is determined by hypsometer or is visually estimated.

With regard to the standing tree volume table (effective volume table),
it is necessary to examine whether or not the table can be used for a
subject area. If necessary, a new table should be prepared.

Sample plot survey results should be conver ttd to the respect:ve
figures per ha in cach sub-compartment and should then be totalled for
each compartment and wdﬂ<i11g area. All figures should be entered into
a forest register. As the necessary work volume increase in proportion to
an increase of a subject area, a computer is often used particularly when
the subject area is extensive.

2—7 Forestry Work
2—7—1 Work Arrengement

It is presumed that the various conditions, including those of forests,
in the subject area of a nlanagemeilt plan have béen correctly understood
through the processes dcqm ibed so far. Work alrangement means that
the actual contents of this knowledge are organized under cer tain precon-
ditions to form the skeleton_ of the management p]an.



(1) Decision on Work Method -

The work method is the implementation of all {orest production
processes, from felling to regeneration and tending, following certain
‘principles. Work methods are classified according to the felling and
rcgenefation methods. To be more precise, felling is generally classified
as ezthel clear felling or selective felling while regeneration is cldsmﬁed
as Elt1181 natural or artificial regeneration.

These 2 types of classifications result in a combination of 4 types of
work methods, i.c. () selective cutting-natural regenerat'ion, @) selective
cutting-artificial regeneration, 3 clear cutting-natural regeneration and
(@ clear cutting-artificial regeneration. If necessary, these work methods
can be further divided. As far as the model area is concerned, however,
only 2 types of work methods might be considered principally, i.e. selec-
“tive cutting-natural regeneration and clear cutting-artificial regenera-
tion. : | .
While a work method should, in principle, be selected for each sub-
compartment, no decision on the work method should be made for those
areas where felling c_anﬁot be conducted due to legal regulations or
topographical reasons or where forestry work is not feasible because the
area is other than forest.

(2) Tree Species

“The right tree on the right site” is an important principle for forest
management. The actual performance of planted trees can be affected by
even minor differences in the climatic, topographical and soil conditions.
In this context, indigenous species do not present many problems. IHow-
ever, careful consideration should be given in advance to the introduction
of exotic species.

The question of tree suitability does not arise in the case of natural
regeneration but forest quality may deteriorate due to expected useful
species failing to grow. Although the species given in the following table
have been selected for reforestation work in the model area, it is prefer-
able that more suitable species, if any, be selected through continuous
" experiments. '



List of Main Planting Sp'e.c_ics-

Planting type Applid | Natural | pyotion

Code Species name : . forest, - |- &1t age Rematks

No, : open  [enderteee mivad [ type inthe (year)

: - plating |plaating | lanting |phanding study area o
gfg 101 Dipteracarpus alatus R oxp. O O Tg Yos | 30 ~ 50
[ ] . .
@ . . o y
o 201 Tectona grandis Lipyw F O Mp No 50
o i o :
<O . .
é 02 A_fzsii.a sylocarpa C Ratl. O Te* Mp ) Yes_ 30
#1205 | Hopea odorats Roxs. OLOTO!L 1s Yos | 30 ~ 50
) . . )
ot .
5 .
o 30 Plerocarpes macrocerpus K ynz. O Te* Mp Yes 30 ~ 50
S, - 1
S [ 661 | Xytia terrii Crats, & Hyrcn. O TEMo | Yes | 30 ~ 50
-S? - " Aeacia auritﬂllifarm;'.s‘ A, CUNN_ O M D(D[)) Mo g~ 8
5 / : . .
Q) . .
& - Acacia manginm  WiLLD. O Mp(Dp ) No 5~ 8
1 :
15 .
E -~ Fucalyptus camaldulensis Deawn, o Mp(Dp) No 5~ 8
o e L
; EBucalyptus deglupte By, O Te (Mp) No . 5~ 15 wet sife
a . .
P - Melia azedarach L. O Mp{Dp) No 5~ 20

{Note) In the case of u.n_der-'treé planting, no designation is made in
regard to kind of trees under which planting will be conducted

(either fast growing or long cutting period species).
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(3) Rotation-Age and Felling Cycle

The 1‘0tatibll'age is one of the most important items in a management
plan. Inn some cdses, the rotation age acts as an index for achieving
mandgement ohjectives. '

The. rotation age can be deter mmed ‘in various ways, including-
'phy_sxcal rotation, industrial rotation and maximum vield rotation. While

it is relatively easy- to decide the rotatioﬁ age in" the case of a single
species forest (such as an-ar tlhc,ml forest), it is chfflcult to determine a
uniform 1otat!on age for a natural forest due to the diversity of species,
mcludmg uncommercial specms and due to the different log sizes to be
utilized de;::emdmcr on species. The figures gwen in. the Rotation Age’
column of the said Table are the estimated periods required for planted
trees to reach their tree sme classes for use.

In 1eahty, the timing of fellmg dc,pends on the growth situation. As
stated ear11e1 the introduction of a umform rotation age is difficult for
a natural forest. As a result, selective felling is gener ally adopted and, in
this case, it is-more practical to indicate the tree size in terms of the D.
B.H. (or G.B.H.) rather than tz‘ee age from the viewpoint of log utiliza-
tion. | _ ' '

The fellmg cycle fm selective fellmg is the length of time required for
the stand, partlculally the tree’ 31ze cIass to be 1€5t0red to its original
state'before felling. In this context, atr opical forest has such problems as
-lumted usable 5peme_s, 1_nadequate infr astructure (including forest roads)
and almost no growth data. ln addition, while a shorter felling cycle gives
a small ylield at ea’ch cutting and a longer felling cycle gives a lafge yield
at cach felling, the latter causes extensive damage to the forest environ-

~ment. This dilemma is a difficult problem in forest management.

Fel'ling in Thailand is currently conducted with a cutting cycle of 30
years with a girth limit for each species. Whether or not the original
forest state can be restored within 30 years depends on such factors as the
forest type prior to felling, the felling volume and the subsec}ueﬁt growth
situation, etc. As data on the inter-relationship between these factors is
scarce, it is difficult to argue the appropriateness of a 30 vear felling
' cycle However, a 40 year felling cycle will be adopted in the model area
and further data accumuldtion is planned

(4) Spécial Forestry Work™
In the case of an éxtcnsiv’e forest, Sf)eéial forestry work must some-
tlmes be introduced due to legal 1egulatmn9 and other redasons.
~ The model area has been divided into a for esiry area, a conservation
area and an ‘agroforestry arca in view of the fact that part of the model
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avea belongs Lo a national park and that the settlement of farmers is
required. The forestry work for each of these 3 areas has been mdepen
dently decided taking the current legaI Iegulatlom and actual for est
conditions into consideration. The following l_ar)d/ forest categories have .
heen introduced in view of these legal regiilations and forest_ conditions.

i } Unworkable Site
Those sites where work implementation cannot be expected for some
time due to their difficuit access or steep gradients.

il } Mountain Conse1 vation Forest
Mountain area with h1gh elevation and steep gradient in the eastern
part of the model area where no forestry work is anticipated in view
of environmental conservation.

1) Rwe1 Basin Conservation Forest
Steep slope aloug rivers where no forestry work is anticipated in
view of river basin conservation.

iv) National Park Forest
In principle, no forestry work will be conducted in view of environ-
ment conservation. However, an L).penmental forest, reforestation
for rehabilitation and the provision of facilities for visitors will he
permitted.

v} Bamboo Forest
Special foretry work for a bamboo {forest will be conducted.

vi) Commumnal Forest
Forestry work to provide firewood for faxme;s will be conducted

vii) Farmland and Residential L'md
Farmland and residential land quuwed for the settiemmt of farmers
and for the provision of their livelihood.

Other legal categories, i.e. wildlife sanctuarff and forest park, will-be
also introduced in the conservation area alth_ough they do not currently
exist in the model area. ' ‘ -

All aspects of the forestx v work so far descnbed should be complled
in a work arrangement hblL such as that given below The outline and
crucial points of the management plan can be easily understood by.
referring to this table. ' '
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27 —2 Work Criteria

The fostering of a forest takes over a long period of time and changes
of -people-in Tesponsible positions may occur. However, forestry work
~ continuity can be secured despite the changes of forest man'agers if the
work method is clearly indicated in the maﬁagemcnt plan. The criterida to
determine the basic forestry work required for each working block
should be cavefully decided in view of their long validity. Once decided,
any'arbitrar'y'changes by a manager should be prohibited in order to
ensure work continuity for the achievement of the initial planning objec-
tives, Exam'p}'es of the work criteria for the model area are given below.

(1) Basic Items

If properly conducted, forestry work contributes to not only increas-
ing forest resources but also to the full utilization of the various public
functions of forests, Conversely, the careless implementation of forestry
work may result in many problems. The careful implementation of all
forestry work should, therefore, be strongly. stressed.

a. Forest To Be Conserved
The forests with the following features should be excluded from the
" felling plan and should be conserved.

i } Good natural forests which can be used as reference forests in terims
of ecology and the preservation of genes.

ii ) Forests where rare fauna and flora are found.

iii} Forests along rivers or on steep slopes where there is a danger of
landslides.

iv} Forests used for forest recreation purposes, etc.

v ) Forests within whose vicinity potable water sources are found.

vi) Forests where felling is prohibited by law.

b. Felling and Regeneration Methods
Selective felling with natural regeneration should be adopted for
natural forests while reforestation based on the dispersed felling by small
areas should be adopted for artificial forests. In principle,felling should
not be conducted in those forests where regeneration cannot be expected.
Forestry work should also be suspended for an indefinite period in the
case of unprofitable forests,
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¢. Logging Facilities
Forest roads are impoertant famht;e% for forest. management, Routes
should be located in view of not only efficient logging but also effective
veforestation, management and the inhabitants’ convenience. They
should be constructed in areas of good drainage so that they can be used
all the year round.

(2) Natural Forests

The felling methods for a natural forest are selectlve felling and
regeneration by natural seeding. Selected sites should be those which are
ansuitable for reforestation work due to the soil conditions even though
the topb'graphical and locational conditions may be suitable for forestry
work.

a. Preservation of Suceeeding Trees

In the course of selective felling, attention should be pald to the
preservation of succeeding trees as the felling of trees with a high market
value, particulariy large treeé, may result in'a deterioration of the forest.
The number of trees suitable for felling may be drastically reduced in the
next felling cycle. :

Despite the adoption of a 30 year felling cycle, the concentrated felling
of teak is believed to be the reason for the decline of the yield of natural
teak throughout Thailand. The dnly. measures which will avoid a repeti-
tion of this undesirable situation in the future are the preservation of a _
certain percentage of high quality trees and the enrichment planting of
high quality trees. '

h. Felling Cycle 7

As described earlier {(see Page 19), a felling cycle of 40 years is not
based on concrete data. Generally speaking, there is a close relationship
between increment of the stand volume, the selective felling ratio and the
felling cycle. Several equations to caiculate a felling cycle have been '
suggested.In the case of tropical forests, however, there are such disturh-
ing factors as iHegal felling and slash-and-burn agriculture to be consid-
ered, in addition to marketability and growth rate. As a result, any
decision on a calculation method appears meaningless at present and the -
collection of relevant data while adopting the current felling cycle is
more important. |

(3) Art1f1c:al Forests
Since artificial forests require a lot of lahour and incur great amount
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of expense, their locational conditions should be superior to those of
‘natural forests in.order to ensure good resuits.

a. Selection of Tree Species _
- Table 2-7-1 (2) List of Main Planting Species gives the selected specics
for artificial forests. The following points should generally be considered
at the time of species selection:

i ) Species with superior growth potential in the early stages to beat fast
- grass growth.
ii ) Species with superior wood quality, excellent mean increment and
- that rapidly reaches to its maXim_um increment.
~ iii) Species with a strong resistance to diseases and insect attack.
iv) _Species With wide flexibility in terms of climatic and soil conditions.

h. Reforestatlon Method
Even when reforestation is antlc1pated the fellmg of natural forest it
must be carefully conducted in the following manner.

1) The plant_ation should commence with abandoned farmland, secon-
dary forests and at sites with bad forest types.

ii) In principle, the dispersed felling of small areas should be conducted.

iii) Neighbouring felling sites should be avoided. If felling sites are
adjacent, they should be divided by roads, {irebreaks or shelter belts.

iv) \Iatural trees which do not disturb reforestation work should be
- preser ved and used for shelter.

v ) Excluding those with commercial value, natural trees which have
been felled should be offered to the local inhabitants for their own
use. Those exceeding the local demand should be burnt at the time of
land preparation.

vi) Although the spacing varies in accordance with the species and the
land conditions, spacing of 4m x 4m (625 trees/ha) should be gener-

~ ally adopted. '

" vii) The growth of plants is llkciy to Change drastically depending on
their species and spacing. Therefore tending operation (i.e. replant-
ing, weeding, vine cutting, improvement cutting,. thinning, etc.)
should be carefully carried out according to the actual situation.

_ (4) Bamboo Forests
Bamboo tlce% are often found to form the lower layer of a natural



forest, especially. in those fm ests where the apper layer trees ave sparce.
Those sites where bamboo growth is good should be developcd as bam-
boo forests.

Bamboo trees of 3 - 4 years should be felied annually as these are
considered to be the best quality., Poor or dead bamboo trees should be
removed and the unfavm able trees blockmg the light should be felled. In
the case of those which are not designated as bamboo forest, it is-
expected that they will eventually die out following crown closure
although they and their shoots will be utilized if possible. Those bamboo
trees growing on planned reforestation sites should be fetled and their

roots 1emovt.d at the time of Iand preparation.

(5) Mountain’ Conservatmn oy owets '

These are found in steep, mountamous areas and usually covered by
poor forests. Since they are located upstream of dams and are important
in terms of water source conservation, felling should be prohibited and,
in general, no forestry work should be implemented.

(6) River Basin Conservation Forests

These are usually located on steep slopes upstream of dams. The
forestry wmk pnnmp]es for mountain consewat;on forcsts also apply
here,

(7) National Parks

National’ par ks have a protective funchon in terms of preservmg
beautiful landscapes and a public function in terms of providing recrea-
tion arcas utilizing these landscapes. '

a. Mountain Conservation Forests—see'(ﬁ) above
b. River Basin Conservation Forests-see (6) above

c. Protected Forests ,
Felling should be generally prohibited in these forests.

d. R(,hablhtatmn of Fore’st% :
These are deteriorated forests due to farming and f01 est fires, etc. In
principle, mdlgenou% species or natural regeneration should be im-
plemented. After rehabilitation has been completed, these forests should
be reclassified as protected forests.



e, Experimehtal Forests _

_As national parks, where the main objective is forest conservation,
are most suited for various experiments {including increment surveys
over a long period of t'ime) experimental forests should be introduced in
national parks. Sepalate work methods should be determined for these
forests in accordance w 1th their objectives.

f. Facility Areas

Park roads (for vehicle traffic), footpaths, observation platforms,
camping sites, caravan sites, resting facilities, overnight accommodation
facilities, kiosks and restaurants, etc. should be provided in national
parks in view of their public. recreation function and areas for these
facilities Should be planned in advance.

(8) Ag1 ofonestl v Areas

Agroforestry has been introduced in national f01 ests as a p"ut of the
- governmental social policy aud for providing the necessary labour for
forestry work. Forest village and Sor Tor Kor plans are currently being
_implemented in Thailand and, in the case of the model area, the plan is
established in the form of Forest Village.

a. Artificial Fmests :

Artificial forests provide places of work for the'inhabitants of forest
villages. While the creation of new forest resources is the primary
objective, intercropping also takes place in these forests. The reforesta-
tion method, etc. is the same as for a forestry area.

b. Communal Forests o
~ Communal Forests provide the mhabltants of forest villages with
firewood for their own use. In principle, the clear felling and sprout
regeneration method should .be adopted. Waste wood and dead trees in
natural forests should also be used as firewood by inhabitants.

. C. Bamboo Forests
These forests pr ovxde inhabitants w:th bamboo for their own use. The
work’ 1_11eth_0d is the same as that for a Forestry Area.

d. Farmlénd/Resideh_ti_al Areas

These ai‘e used for fai‘lhing and residential purposes. An area of 2.4 ha
. per household is assumed in the Forest Village plan.
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2-7-3 Standard Work Volume

Work locations and work volumes should be propeﬂy given in the
forest management plan for the immediate plan périod (1st working
period) based on the estimated future tiend of the work volume.

(1) Decision on Felling Volume :

It has abready been mentioned that a sustained y'.eld is one of the most
important pomts in the preparation of a man_agement plan. A sustained
yield means that a steady alimlal yvield can be expected in the long term
future in both the qualitative and quarititati'v_e ‘aspects. There are, how-

ever, different concepts of a sustained yield and different calculation

methods which reflect different forest states' (for example, ald forest,
young for est natural forest or altlflmal forebt) forestry work intensities,
forestry work technical levels and soc10 €conomic backgrounds. As a
result, no gener al conclusion is poss:ble

The miost popula1 and basic idea is the normal forest concept Such
calculation methods as the Kameraltaxe Method and Hundeshagen
Method were introduced to maodify the gap between a normal forest {and
its stand volume) and an actual forest (and its stand volume).

In view of the actual conditions of tr'opiéal forests and the state of
forest administration in Thailand today, it appears difficult to enforce
vield regulations based on growth volumeé and yield regulations based on
an area allotment method should prove more effective. Although the
felling area method (30 year felling cycle) currently-in use in Thailand is
an area allotment method, its allotment seems to have been determined
in view of forestry work convenience and it lacks the perspective of a
sustained yield.

The adoption of an area allotment method which takes land fertility
and the scope of legal regulations, etc. into consideration should prove
more effective than the simple adoption of an area allotment method.

In principle, the sustained vield should be calculated for each forest
management type given in the Work Arrangement Table (Page 21~22).
If it is difficult to calculate each sustained vield separately, calculation of
the sustained yield for the ena"._ite subject area would be suificient. -

Note: In -_Thai"land, the actual results of éus‘_tain’ed yield calculations
largely differ depending on how far current f_fore_sts (mostly na't:urai
forests) are converted to artificial forésts, whether naturaifregenerzition
or reforestation is adopted for non-forest aveas and the ratio of fast
growing trees ptanted. Although decisions on the above involve _cef‘tain
technical aspects, such as soil conditions, etc., they are primarily policy
issues.



LA Nauu aI Forests
The standard annual yield; te. the standard felling volume for a
natux al forest, can be calculated by the area allotment method as follows.

Area of Natural Forest Work
Cutting Cycle

Standard Annual cutting Avea =

. The _yie‘;’d is basically given in terms of area. The yield per ha, which
is assumed from existing yield data, should be multiplied by the area
when the volume is required.

b. Altlflcaal Forests
The lmmedlate yield of an ar tlflClaI foz est can be found by answering
the questlons of how many years are cstlmated to be required to clear
standing trees in planned artificial forest sites and how many trees should
be left untouched_ in these sites. As these questlons both relate to how
reforestation work is ilﬁpiemén'teci, their answers should take into consid-
eration Stich factors as the labour and cost involved from the land
prepar ation stage to the tending and protection stages and planting stock
_preparation, etc. For example, if annual refor estation of 100 ha is found
possible, standing trees in these 100 ha will be subject to felling. The
anticipated yield is found by calculatmg the total volume of subject trees
with both the rate of reserved trees and the utilization rate.

. The futwre yield of ém_artificial forest is calculated by multiplying the
~planted area by the estimated yield pei ha. The resulting figure, however,
only serves for réfei_‘enc_c purposes to show a possible change in the stand

-voiume.and should not be treated as being conclusive.

c. Others _

_'In addition '_t_o the types of yields described above, there will also be
damaged trees due to forest road construction or the preparation of
farming area. As these do not provide a continuous yield, however, only
 the yield from damaged trees in known sites should be calculated.

(2) Decision on Reforestation Volume
- The reforestation V_olqme is given in terms of area, as described in (1)
_b._ above. When enrichment planting and tending are planned to improve
,t_hé q'uaiity,of natural forests, such relative volume should also decided in
advance. '
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3. POINTS TO NOTE IN PLAN IMPLEMENTATION

3—1 50il Types ond Foresi_ry' Work

“The ught tree on the rlght site™ 13 the most 1mpmtant principle for
forestry work. Many natural factors are mvolved in forest growth, such
as tOpOgrdphy geology, climate and vegetatlon, etc.and soil is formed by
the complex interaction of these factors’ over long period of time. In
other words, examination of the soil makes a certain understading of the
natural en\rzronment possible. It is, therefore, extremely important to
understand the soil dlStrlbutIOH of a sub]ect area to determme the con-
tents of forestry work. ' . ‘

Taking the relation botWe’en: topography and soil for example, the
water soluble materials of soil ih_ the upper part of a slope are easily
washed away and accumulatéd in the lower part of thi, slo’i)e In addition,
the upper part of a qlope tends tobe dry due to (,onstant exposure o wind
while the lower part tends to be moist due to running water.

Those materials which form soil are called parent ‘inaterials and can
be granite, limestone, andesite “énd/or_ volcanic ash depending on the
area. The properties of these parent materials are strongly observed in
‘the early stége of soil formation but change in the course of soil maturity
due to the ihﬂuence of such natural Conditions as climate and vegetation.
Thus soil proper ties orlgmatmg from the same types of parent materials
differ widely. - S

In a tropical zone where the temperature is constantly high and the
dry season clearly distihguishable from the rainy season, the soil is
affected in the following way. E

i ) In the moist arcas organic fhate_rials are quickly'decoinposed. Un_like
the case of a temperate or frigid zone, therefore, the accumulation of
humic substance is seldom obse:ved. ' '

‘i) In the araab where the evaporatmn exceeda the ramfali with a hlgh
gr -ound water level, the soil not oniy becomes dry. but s,alt is transpor-
ted to the sur face layer makmg the soil str ongly alkalme Converse-
ly, in areas of excesbwe rain-fall, not only salt but also iron and
aluminium in the surface layer are washed away, causing cluviation.
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Existing soil maps can be used to study' soil conditions. However, tf no
map is available, a soil survey on the appropriate scale corresponding to
the size of the subject area is required to determine the policy {or forestry

~work. e o ‘

There are many soil classification methods and the soil maps and
method used for the model ared is given in the Survey Report. The
following points are important commen knowledge for forestry work,

i ) Thick soil has good fertility and is suttable for tree growth.
ii ) Soft soil has good physical properties and is suitable for tree growth.

i) Reforestations in those places where trees develop deep roots tend to
produce good results. '

iv) The existence of a blueish white layer (glev layer) indicates a stag-
nant condition and, therefore, the soil is unsuitabie for tree growth,

v) The soil tends Lo be consolidated and, in most cases, is unsuitable for
tree growth in those places where a red and grey mottling layer or
* plinthite is found.

3— 2 Agroforesiry
Agroforestry servesvarious purposes and its adoption is a matter for
government decision. In the model area, agroforestry is considered to be
a method to promote forest improvement and the contents of the work
have been discussed based on the following.
i} Types of work: and work volume required for forest improvement.

i) Annual labour input required to achieve i) above.

i) Required number of farming households te supply the labour given in

- i) above.

iv) Land area and relevant measures to support these farming house-
holds.



The crucial point"hereis that while a forestry related pi'ogrélh (requit-
ing work voi_unie) can be modified in later years, the settlers live depend-
ing on the employment in fdxestly work. ‘Therefore, the wor k volume
should be determined carefully in order to cwmd any 1eductzon oI the
work volume in subsequent years. - :

With the passing of time, however, s aettlers attltudes to employment
in forestry work and hvmg standard will change. Corresponding to these
changes, it is necessary that forest improvement work be carried out
while the living standard of the settlers be improved through government
efforts to secure markets for the agricultural products and to introduce
profitable crops for these settlers. -

33 Forestry Research

While there are many types of forestry research, the most important
factor in the case of the model area is considered to be the growth volume
research. The following points should be noted when growth volume .
research is planned. '

a. Artificial Forests

i ) Growth research plans should be prepared for each species. If pos-
sible, several research sites should be selected for each species.

1) Each site should be duplicated and have an area of one ha and should
be of a square shape. The sites should not be adjacent to felling sites
and should preferably have the same topographical conditions.

i11) Signs indicating that the sites are research sites should be posted and
bordering trees should be marked with paint or by other means. If

possible, each test tree should be numbered. .

iv) The tree height and volume should be measured every year for fast
grow;’ng trees and every 5 years for slow growing trees and: the
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‘measurement results should be recorded in the register.

v)"I‘hé felling time and volume of damaged and. thinned trees should
- also be recorded in the register.

-vi) The time, volume, labour input and cost, ete. of the tending work
(replacement planting, weeding, salvage cutting, climber cutting and
* thinning) should be recorded in the register.

- b. Natural Forests
1) Re_séarch’sités should be selected for each forest type.

i ) Lach 51te should e duphcqted and have duplicates an area of 2 ha
and should' be of a 'square or rectangular shape. The sites should
preferably not be adjacent to felling sites and Should_ have uniform
to‘p_ographical conditions. -

- ii) As in the case of aitlfl(‘,l?l for ests, the provision of 51gns and tree
mar kmgs etc. also apply to natural forests.

Civ) Thé diameter, height, c]eaf length, Vqumc and commercial volume
of each tree should be measured every 5 years and, together with the
species, recorded in the register.

v ) The provisions for (_iamaged trees and thinned trees and for tending,
etc. for artificial forests also apply to natural forests.

c. Storage of Register and Other Documents
As the growth volume research requires a long period of time to
obtam results, the sections or persons 1espon31ble for the research may
change from time to time. Therefore, the register and other documents
~ should be carefully stored t¢ -ensure the continuity of the research.
‘I_nter'im reports should be publishéd at suitable intervals.

~ d. Site Locations -

: _I{e'se'arch éites_ should preferably be selected in national parks which
- do not have concessions and that are not subject to the impact of human
~ habitation, recreation, etc. ' '
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3—4 Noational Park Utilization Program

National parks are expected to serve as recreational ‘areas for the

public as well as to preSer-Ve the precious ‘n"atural_enviromnent and
landscapes for future generati_ons. Mana’gément plan’é for na'tion_al parks
should be prepared inéorp01'atiilg both con_Serva_tion and utilization pro-
grams. _ ' . _ o : -
A conser Vatlon p1 ogram for a natlonal palk can be easﬂy xmplemem-
ed by the introduction of strict regulations on forest __u_se_an_d meas_m es to'
restore damaged sites. The implementation of a utilization program,
however, is more difficult- becal.ise such factors as public needs, the
facilities to be constructed, maintenance method for these facilities,
coordination with conservation and forest utilization requirements and
the financiai bur’den must be firstly examined. ,

At present all utilization programs must be discussed w1Lh and
authorized by the National Park Commission. In the future, the opinions
of local mhabitants and related people should be reflected in the pro-
grams fo widen the scope of ﬁt_i'_lization. In the case of the model area,
improvement of the road network for easy access should be gi'ven
priority.
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INTRODUCTION

Remote sensing technigue is very cllfective in order to understand the state of
regional natural resources. Remote sensing is a technique which provides distinction
and interpretation ol subjects and phenomena, after information about these subjects
and phenomena are collected from a distant place without direct contact.

Remole sensing technigque in a broad sense include aerial magnetometey and
subterranean exploration. but we define remote sensing as {ollows:

Remote sensing is a technique which uses a sensor mounted on a platform such ag
an aeroplanc and a satellite to collect clectromagnetic waves reflecting or radiating
from subjects on the earth and to obtain mformation about the subjects and pheno-
mena from the data.

Remaote sensing data obtained through an acroplane or a satelbite are also very
effective to collect information in a wide region within a short period of time and to
grasp temporal changes. Therefore. these characteristics of remote sensing data arce
fully utilized to conduct surveys and investigalions for various purposes. including
environmental conservation, disastcr prevention, rational utilization of national
lands, understanding of agricultural, forestry and fishery resources. and explonation
of mineral resources.

This report focuses forest study among many tvpes of remole sensing data
utilization, and summarizes as manual for forest investigation. Part A deals with
remote sensing, Part B describes the monitoring of the forest land use by means of
remote sensing, and Part C sumimarizes a case study ol the monttoring of the forest

land usc by means of remote sensing in Thailand.
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‘A. THE REMOTE SENSING

1. Ouiline
The rcmbte_sc’:nsihg refers to zi.tcchhiQue which collects data on subjects and
phenomena reﬂccting oF radiaiing"(:lcc{r{)n’.'agnetic waves by using sensors mounted
on a platform such as.an acroplane and a satelite to provide information about the
subjects and pht_:n(_)mena. .

The remote sensing. ca_n_'pf()vide data on-information in a wide region within a
short period of time and thus offer high efﬁ_ciesicy inunderstanding temporal changes. -
These data are processed and énaiyzcd for Vaﬁoué types of surveys.

Platforms for'data collection may be a sa.tellitc, anaeroplane, or a special ground
vehicle. These pi.atforn']s depend on the range of the survey te be conducted and the
type of sensors ta be used.
~ Sensors used in the remote sc_lising inctude camera, scanner and TV camera.
Remote sensing utilizes a widg range of waves from + rays and millimeter waves to
centimeter waves. Thé"rahgcs used most commonly are the visiblelight range and the
vear-infrared and thermal infrared range.

Collected data are pfocessed to analog data such as photos and digital data for
analysis by a computér_. Ané!og déla-such as photos provide easy understanding of the
location and distribution of subjects. On the chcr hand, digital data which are
subjected to image pfocessing such as automatic classification by a computer and
image stressing can be changed to different lypes of image, and so can provide different

aspects of the subjects.

2. Principle

Any kind of subjects {substances) carry inherent reflection characteristics of elec-
tromagnetic waves depending on their kinds, and the intensity of the reflected electro-
magnetic waves is measured for every wave length from a satellite or an acroplane to

identify substances on the carth surface. This is the principic of the remotc sensing.



Radiation Refle‘,gti(r)nr )

Electremagnetic waves are termed in accordance with wavelength bands. The

wavelength region used in the remote sensing covers the range from ultraviolet rays to

microwaves.

Y-ray X-ray Ultraviolet Visible Near-'infrared Near-?infrafed Far'-—-inftzared Micro wave
(Sunlight)

T TS T T ; - T T 1
0.58 504 0.4y 0.7n 3 O aw 1m 10m

Fig, 2 Spectrum of electromagnetic waves

Visible rays are electromagnetic waves in the visible range; blue color has shorter
‘wavelength, while red color has longer wavelength. Further lohger \Qéﬂrclengtll isin the
infrared region. Infrared rays are classified into near-infrared, medium infrared and
far infrared (thermal infrared) depending on wavelength. Longer wavélengl'h rays than
nfrared rays belong to so called clectric waves, which are represented by microwaves.

* The electromagnetic waves reaching the earth surface in the wavelength bands
used in the ordinary remote sensing are used only for observation of the earth surface.

Figure 3 shows schematically characteristics of reflection spectra of representa-
tive substances on the earth surface.
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3. Flow of Analysis

The remote sensing is subjected o analysis consisting of (1) data cotlection, (2)

data processing/analysis, and (3) application to survey.

m R ) ®

] Data colleclionl — l Data processing/ ana]ysisl ﬁf}l/\ pplication to surv&ﬂ

(1) Data Collection’

l) Purchase {rom major agencies concerned

(DLANDSAT Satellite data - - EOSTA Lid. (US.A)
- Receiving centers in major

) coumnes
@ NOAA Satellitc data — - NOAA (U.S.A.)
@SPOT Satellite data — - SPOT IMAGE Ltd. (France)

2) Data collection by pholography[ observation
Data at the level of aemplane -~ Aerial photography surveying
companies



(2} Data Processing/ Analysis
1) TData processing _tcchniilucs . .
(D Compuler proccs‘;ingnbach' technique (Digital processing iechniqucj.
(2) Photo proccssmg technique (Analog> ploccsqmg tcchmquc)
2} Data analysis lechmqucs ' :
(D Analysis based on dmloguc bctwccn an anaiy&.ts an(l an lmage analysis sys[cm

by camputer
(@ Inter plctatmn by dnalys,t - lntm pxetdnon by eyes using photos

cyes " {for instance, extraction of
geological structures)

(3) Application to Survey
(@ Use as preliminary information for a survey
{).Usc 1o check and correct in a field suwey

(® Use to prepare necessary. thematic mnaps

4. Remote Sensing Data

41. Types of Platforms
Currcﬁtiy ustd platforms are grouped into (1) satellite, (2} aeroplane, and (3)

ground.

(1) Satellite
Table | summarizes the details of major satellites used for earth observation.



Details of major satellite

Table 1 used for earth observation
Satellite Year | Country|Major - Wavelength |Reso~ |Ubser-jOrbital;Obser~{ Covered
for earth of of ~ jmountedrange Iution|vation|height |vation field
observation launching |launch-|sensor (m) |width | (wm} [period

ing (km) (day)
N m
LANDSAT No, 1 |1972.7 0.5~ 0.6 Cover the
(Functional 0.6~ 0.7 earth and
stoppage) . widely usad
No. 1975.1. UsSA MSs 0.7- 0.8 80 185 920 18 for both
{Functional 0.8~ 1,1 o land and
o stoppage) water areas.
No. 3 {1978.3
(Functional
stoppage)
LANDSAT No. 1982.7 The same  |The The same
N ¥ (Functional with the {same _ , with the
stoppage) Mss | above with | 180 700 16 | above
the
above
No. 1984, 3 USA ™ 0.45- 0,52 The same
0.52- 6.69 with the
0.63- 0.69| 30 above
1.55- 1.75) 180 | 700 16
10.40-12.50) 120
- 2.08- 2.35[ 30
SPOT No. 1 1936.2 France HRV 0.51-.0.73 10 The same
' 0.50- 0.59 60 830 .26 Jwith the
0.61- 0.68 29 above
0.79- 0.86 Preparation
of geogra-
phical maps
is possible
because of
stereo
visibility

1) Bimotored acroplane - MSS for acroplane mounting

. (2 Acr'oplane_' -

2) Single-engined aeroplane — Aerophotos

3) Helicopter -— Obligue photos

4) Model plane/ quel'helicopter -—- Very low




(3) Ground Platform -

I} Cranc vehicle { Obscrvanon of leﬂcctmn-chmactel:stlcs and 1ad1atmn

2) Cherry picker characteristics ofsubﬁﬂnccs

4.2. Types of Sensors

Figure 4 shows the relation between the ranges (tntected hy cunently used

sensaors and clcutlmmgnenc Waves.

T % uv v l IR | MICRO-WAVE ™V RADID
RS . T e .
- -Visible ray, Tnfrared ray . S
-7 ' - W\X//ffﬂ_ e
. I . |
Ultraviolet { Blue | Green | Red | Near . 1M1ddle infrared | Far
ray - —1nfrared{ : infrared
0.4 _ 0.7 : 10.0um
' _ pm>1/1,0000m
Aexophoto Color ] .
: [totor——| ,
Infrared color ————2
LANDSAT Satellite MSS AND & 1 S5 4 6.4 7
™ | _BARD ) 2,37 A 5 7 6
- L e B e e s
SPOT Satellite I R 3
e i ! - e
M58 for aeroplane . CH 1 - 12  evesaneans
mounting - '
Fig. 4 Sensors and ranges of electromagnetic waves

{1) Camera
~ Acrophotos are .grouped as follows, according to combinations with films and
filters to be used:
" 1) Panchromatic photo
The visible ray range 15 rewrded ina p'mchmmam film.
2) Color photo
The visible ray range is recorded in a color film.
3 Infrared color photo _
Of the visible ray fangc, green and red lights

and near infrared rays are recorded in a color film.



() MSS of LANDSAT Satellite
A MSSisa scamungtypu radiometer called Muluspuclml Scanner (MSS), which
records \fmblc rays {gicen and red mys) and near- -infrared rays with 4 different
wavelength bands. MSS is the sensor mounted on LANDSATs No. i through No.
5, and records _IS_Ok_m ><__I8_0km as one scene, with the minimum resolution of
approxiﬁlately_ 80m x 8_0m_._ lts appearance is shown in Figure 5.
) Band 4 = 0.5 - 0.6 um (Green light of visiblc rays)
2) Band 5 _:'_D.()_I_w- 0}7 pm (Red light of visible rays)
3) Band 6 5.0'.7. - 0.3 ,ufn '(Nea:r—infmrcd rays)
4) Band 7=0.8 - 1.1 gm (Near-infrared rays)

S Optical system

‘8ix detectors

MSS | for each band

(24 TOTAL)

+ Two (LANDSAT
Ro,BAND 8)

Note: Rotate from the .

west to the east

Reflector

- 1185, 3km
(100 nautical miles)

‘ {mgl_e of visual
 field = 11,56°

Direction of satellite
& flight

Fig. 5 Appearance of LANDSAT MSS

T M of LANDSAT Sateliite

A TM called Thematic 1 ’Vlappel (T\fl) is a scanning type radiometer suml'u 1o
MSS, and records visible through far (thei mal) infrared rays with 7 different
wavelength bahds, It has been mounted on satellites after No. 4. TM records
ISOkm x 180km as dne séf‘he with the minimum resolution of 30m x 30m. lts
'appcatance is given in Figure 6.

1) Band | = 0.45 - 0.52um’ (Bluc light of \mble rays)

2). Band 2 = 9.52 - 0.60um (Green light of visible rays)

3) Band 3 = 0.63 - 0.69um (Red ligh of visual rays)
4) Band 4 = 0.76 - 0.90um (Near-infrared rays)

5) Band 5= 1.55 - [.75pm (Middle infrared rays)

6) Band 6= 1040 - 12.50um (.Far'in'frared rays)

7. _Band.’l' = 208 - 2.35um (Middie infraved rays)



Angle sc_aﬁhi@ e

Simultaneously [
6 bands

Fig. 6  Appearance of LANDSAT MSS

(4) HRV of SPOT Satellite

This is a sensor mounted on SPOT Satellite launched by France. HRYV is an
abbreviation of High Resolution Visible imaging instrument. HRV produces two
types of data. o
) Panchromahc mode Record 0. 51 - 0 73,um with black—whue single band
2) Multispectral mode; Band' [; (4:50 - 059,um
" Band 2,06 - 0.68

_ Band 3,079 - 086 ,
Rhw minimum tesolution is approximately-10m x 10m, and 20m = 20m for the
pdnchromatlc modc ‘and- for the multispectral mode, respcctl\’cly. ‘The most

marked characteristic.of HRV is provision of stereo visibility. -



Fig. 7 Appearance of SPOT HRV

(5)"MSS for Aeroplane Moummg '

This is a MSS of a .isimiiar'typc_ \Viﬂl MSS of LANDSAT mounted on an

' aefoplang. Tl_ie MSS records visible rays through far (thermal) infrared rays from

low altitude in higher precision than that of LANDSAT MSS. Figure 8 gives its

appearance. This sensor is used in a wide area including water temperature survey

and geothermal survey.

Spectroscopic
, prism- pjes
Scamming !

Z
i a7
acge | . NS
. |

TR . i . .
,_,U: Tape recorder

KA 7 e
Aperture @g’@

Fig. 8 Appearance of MSS for aeroplane mounting



4.3. Data Collection

(1} Visible ray data
Data in the wavélmigih range equal to our vision in daily life - { Example) Red light
data ol visible rays are best to ana]yie a polluted water pattern.
(2) Near mflared data _
Suilable to measure vmllty of vegetation and water aleqs on the ealli: surface
(3) Middle infrared data
Itis said to be best to analyze degrees of mck alteration and geological structures
and distinction between vegetalion and non-vegetation
(4} Far infrared ray data ' '
Used to cach thermal dlstlibutmn such as terrestrial hmt and water temperature

5. The Status of Remote Sensing Data Utilization

Remote sensing daia have been wiﬂe]y utilized in many countries for various
purposes. Ficlds where remote scnsing 'd'a!a'are utilized include agriculture, {orestry,
mining, land utilization, geology, fishery, oceanography, environmental science, geo- _
graphy, hydrelogy, gdlceology volcanology, seismology, and civil engineering.
Recently, they are utilized even in energy issues and archeology.

The followings are exampics of remote sensing data uuluahon

) Lsﬂmanon of wheat cropping alea m major wheal producmg countries in the
wor 1d. _ -

2)'Study of changes in forest covers duc to meicorological fluctuations. '

3) Surveillance of volcanic explosion. |

4) Manitoring of snow cover distribution.

5) Surveillance of water quahues of lakes, marine pollution in coastal areas,
curophication of lakes and air polhmon

6) Understanding of_temperature distribution on the sea surface.

7} Estimation of ;imb.t:r stocks in forests.

8) Survcillance of areas damaged by pests and cut over.

9) Estimation of crop planting area and production.

10) Surveillance of land utilization and land cover.

1) Updating of map information. .

12) lavestigation of flood damages.

13} Monitoring of water head areas,

14) Invesligation of wildlifc habitats.

6. Advantages of the Survey

Information about forests from remote sensing data can thus offer various infor-
~mation through image analysis and zmage inter pu.tauon Their chamctensucs are

summarized at each level of ground aer op!dne and satellite, as shown in Table 2.

._10;



Table 2 Comparisen of various charcteristics among
information collection methods by remote sensing
Charae~ Coverage |Simultancous|Periodicaliiy|Emergency Gualitacive | Quantitacive[Rumerical Cost
teristics coverage precision precision precision effectiveness
in observa-
tion
Remote
Sensing
Systenm
Informatien & AN . A S © @ O N
collection from | Wide . lwpossible Continupus Unavailable |High Heasurable |Fossible Establishment
proend coverage . cbservaticn in emergency]precision but lacking [of a neework
observation requires and periadi- [ebservation of quantita~|covering a
nany cal observa- : tive vide area is
gtound tion are too costly.
chserva- {extremely
tion difficule,
Inforeation O @) : : A - A
¢ollection from | Wide & gap Periodical Appropriate, |Excellent Excludiag Possible Photographing,
aeroplane éoverage [between . observation |although in cectain but a wide area
observation requires {{lights can |vequires waiting resclution subjects, costly requires
a fairly |be ignored, thigher costs kperiod of quantative higher costs
Slarge but . coverage aeroplane measurement
numbher of|is, the same has to be is
flights |with the examined difficult
. lefr: cerrain
Information © . . . Fay Fay ) ©
cellection from | One One charac— [Une charac- |Only. Limited Excluding
satellite charac- |teristic of |teristic of |LANDSATs | resolution | certain
observacion teristic |satellite satellite and ? have {8Cm for subjects,
of obsevvation |pbservation  |seme LANDSAT) aquisition
satellite|is is - problems of data is -
chserva- [simultancous|periodica~ not so
tien is |wide Tiey {18 days costly of
wide coverage fox LANDSAT) receiving
caverage . cquiprents

e d

© : Very é'xceil_c’nt' .

O : Slightly excellent or ordinary .

A\ : Slightly poor-

Ground yemote sensing gives excellent quantitative and qualitative precision,

while it is inferior in wide coverage, periodicality and ¢ost effectiveness.

Remote sensing from acroplane is excellent in emergency observation and gualita-

tive precision, while poor in quantitative and numerical precision and cost

cffectiveness,

Compamd with these two, remote sensing {rom satellite is excellent in all condi-

tions except for emergéncy observation,

In the light of these charactetistics, forest monitoring by remote sensing will take

an approach to establish a forest management system, which consists of processing of

other géographical information to image database for systematic utilization.




’LANDSAT data[

ILocational correcti5‘1

e ;_ ﬂﬂﬂﬂﬂ
Data distinction prOCGSSing] Compiementary information
: S lal  Aeroplane information
Existing plan—| {Data analysis processig&J 1 Ground survey information
and . . . N Existing survey information
administration ' Emergency survey information
Comprehensive )
planning and Forestry basic informationk ]
adminstrative 1 i Changes in fovest condition (i)
needs Changes .in forest environ-: o
| ment ' . ' ] o .
_ ¥ ' i Y
Databank — | Forestry information system +{ Monitoring organization |
Storage, updating,
reference
¥
Total/Wational 1
forest management information .
. ) Macro system -
| Natural envircnment]__‘ Resource envirommental :
| information, ete, conditions
Long term forest Forest utilization Water and soil conser-
forecast standard o o Lgétion evaluation
Y )
~ National L % Basic plan for national forest Reglonal forest manage—
] land plan »{ utilization maﬂggg@eut_ N mént information
| Land use - Regiénal forest management |
plan plan_. : '
. Regional .| Forest .production plan
{local) plan Viablitys production. forecast, { '
.| ipplementation plan, civil
Environmental engineering plan, others
impact ‘ ' :
Individual Regulatory ’ - ¥
-1 project _ control/ | Water and soil comservation plan
plans - technical Erosion control, water resources e
guidance ™ investigation, disaster pregiction
Environmental management plan, > Regional system
prediction of pest hazards
Fig. 9 A conceptual figure of forest management

uslng remote sensing:
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B. MONITOF{ING OF THE FOREST LAND USE BY MEANS
OF RE'VIOTE SENSING

1. Qutline

A forest study is generally conducted to understand the present condition of a
forest and to plan 1‘at'i_0nél forest management in accordahcc with its local condition.
Utilization of 1'8111616-sellsi11g datz_i is extremely effective to conduct a forest investiga-
tion in a wide area m siﬁ_lila:j precision within a short period of time. Forest covers
moslljr distribute in mountainous arca in the world, and so it 1s extremely difficult to
implement field mvexl]gatmn unIess a very limited area is to be surveyed,

Remote eensmg data appropr;ate to a forest investigation include those from
satellites and aeroplanes. They have to be used differently for different subject areas
and stu‘d:y items. Satellite data ave suitable lor macroscopic understanding of forests,
while aeroplane data are advantageous because of chrangeability of scale in accordance
\wth the study purpose. | '

General procedure for a foses( study is:

1) Understand fully the study purposes

2} Examine the details of the study in accordance with the purposes.
3) Investigate availability of data.

4) Collect data. '

5) Implement image analysis.

6) Examine results of image analysis and evaluate the forest resources.

7y Examine study results.

The monitoring procedure is explained below. Figure 10 gives a flowchart of

general monitoring.



: CPlanning and _preparation )

. ¥ )
" - Understanding of
the details of the study

Examination of
study procedure
Y ﬂ
Understanding of
availability of data
. ¥
] Data collection ]
Y .
| Image analysis ]
Y .

Examination of
analytical results

| IR
Evaluation of
forest resources.

: y o
Examination of
study results

-

| Preparation of a report |

¥ig. 10  Flowchart of general monitoring

2. Monitoring Procedure
2.1. Understanding of Survey Pﬁrposes

Purposes of the forest study is fully understood to examine comprehensively the
study details which meet the purposes. I this case. the study area and precision have to
be fully examined, before a rational study method is decided.

Generally speaking, major purposes of a forest study may be understanding of the
present situation of ihe forest resources and collection of basic informaiion required
for forest management. . _ .

tThe present condition of the forest resources mainly includes understanding of the -
trec species, arca, and stand volume. On the other hand, with r{:s'peci to basic.
information necessary for forest management, -analysis of relations between condi-
ﬁonssuchasgcokugasoﬂ&iandtnjﬁzaﬁon;dhaﬁersandPu«hiﬂogyccnfspondingto
the {orest type and the forest is of great importance. Table 3 shows major items to be

investigated in a forest study.

~_14_‘



Table 3 FExamples of major items to be investigated in a forest study

Study types : o Major study items

National forest By major tree species, by'tree diameter, area, stand
resources study volume, locality (5 years).

(Forest stratification, specimen sampling, on the spot
confirmation, etc.)

Study for planning Revision of forest reglster (tree species by sub-group,
local forest stand volume growth) (5 vears}.

management Preparation of maintenance planning table, Preparation of
estimated long—term production table

Operation within 5 years (planting and cuttlng amounts) ,
Designation of site, De51gnat10n of £flood centrol works
and earth works. :

(Preparatlon and updatlng of management map, forest type
map, geological map and ‘soil map, road construction plan
maps and figures)

Overall study for |Judgement of importance by basin (torrent devastation)

erosion control (land conditions, geology, meteorology, subjects to be

(mainly for resto- |secured)

ration of existing |[Study for present/predlcted situation of deva9t3t1on by

collapsed land) basin {amount of unstable soils, history of disasters,
stand condition, etc.) :

Study of poten- Mountenous land failure study (land condition,

tially dangerous inelination of mountain slope, subject secils, condition of
land in mountainous}movement, subjects to be protected, etc,)

area (Prediction of| -
the disaster oc-
currence due to
torrential rain)

Study on forest Wind and flood damages, snow damages, pest damages,
damage information Janimal damages, smoke damages, fire, steallng, cutting
obstruction, ete;

Study for timber Projects for timber Stqfing, improvement of forestry
supply-demand ‘structure, measures to improve forest products
measures distribution

_.lsu,



2.2, Examination of Survey Methods

Study methods which can meet the study purposes understood in 2, 1 are reviewed

and examined. Major items to be exatnined include:

1y Understanding. 01 availability of data -
Availability of remote sumng data from satellites and aeroplanes are mvesugatcd '
as well as tom‘nglaphicdl maps. thematic maps (geoioglcdlnmps sotl maps, vegeta-
tion maps and others) and references necessary for the study.

2) Data collection : : ' .
Data necessary for the study are acquired from agencies concerned. In case of the
absence: of necessary data observation 1s madc or other data are used.

) Image analysis/image inter plctat:on L
Data thus acqum‘d are subjected to image analysis or image interpretation to
prepare ev aluation maps tequired for ev almtmg the iore~t TRSOurces,

43 Evaluation 01 forest resourees '
Thematic wmaps and evalvation maps are used to evaluate the forest resources.

5 Examination of resublis

The above mentioned study results are summarized for further éxamination,

2.3. Understanding of Available Data |

For better understanding of availability of data. how to handle satellite data and
actaphotograpbic data are explained below: | .
Of satellite data, LANDSAT data which can be obtained peribdical!f,"and give
reasonable resolution have been widely utilized. As memioﬁed previously, LAN D-
SAT data are produced by two ditfferent tvpes of sensors; MSS {reéoiution of 30m)and
T™ (resolution of 30m). These two types of data have to be used differently accofding
1o study purposes. ' '
Availability of LANDSAT data can be checked for data of observation, cloudage

and the quality of images at a local recetving center covering the study area.

16—
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As to acrophotos, whether acrophotos in appropriate scale are available or not is

checked taking account of the study purpose and the siudy arca.

2.4, Data Collection

Satellite data and remote sensing data from aerial photos are acquired through

agencics concerned.

y

2)

3)

4)

5)

Here, dC(]lilSiliOn of LANDSAT data is cspacm]ly dcscnbed

A LANDSAT orbit covelmg the studv area is seatched from the LA\’DSAT
coverage maps shown int Fxgu;es Il and 12. The LANDSAT satellite 01b1t is
shown by PATH along the south-north dir_ectlon and ROW along the west-east
direction. The circle in the map indicétcs the cenfer of the orbit, One scene of the
LANDSAT data covers lSOkm x !80km and ovellapa 20-30km range with the
adjonnng scene, _ L .

Next, observation period, cloud cover and image quality are examined usihg the

cloud cover list shown in Table 4. The cloud list shown in Table 4 is read as follows:

PATH-ROW-  : Alrcady explained above
DO/MN/YY ;- Date of observation
NASA-ID. : Code number of NASA -

CLOUD COVER : One scene is divided into four,and cloud cover is shown in

each the left upside (1), the rigﬁt u;;side {23, the left down-

side (3} and the r;ght downside (4). (For example, 0 and 6

_ _ mean 0% and 8%, respectwely) _ ] )

QUAI,'iTY- : lmage quality (Values more than 8 indicate good quality.)

The study area may not be covered with cloud becauseé of the orbservaiion period,

even if high cloud cover is found in one scene. In such a case, quick_look photos

provided by Thailand can be used to confirm the position of cloud.

After a necessary scene is decided, then an Order Form shown in Table 51s fiiled
up io acquire the data through the Thailand Remote Sensing Center.

The data are grouped into analog daia (photos) and digital data {magnetic tape).

Necessary data are selected according to an analytical method.



Table 5 LANDSAT order form

THEILAND REMOTE SENSING CENTER

LANDSAF . NEYIONIL  RESEARCH COUNCH OF THAILAND

196 Pnahonvoihin RCE. | Blangkhen, Bangkon 10900

OR Dl ‘,«R FORI\/I Tel. 5790116 . 5791370-¢ Exl. 40 Teier no. £1213 NARECOU TH

PURCHASER !’

Nemé Dme —
Address- ' - . &elno. :
I . Ohective -
Phone TE'_CK‘ .

Type of order 7 sianging order (3 Priceity [ Generat

SHIP TO ! . — Type of paymen! '_]"‘""d‘“" [ JCneck/Dratt LJCash

No.
REMARKS
I Siandard Pholographic ~ Progucls : ' Page ...... af e,
T T H 1
N IFR’O:JU""IC IviBand) COLOR .| TOT. ! A g i
: o s TAL uT AWASTER TOTAL
LS | PATH-ROW | DATE | copc | - ! SUbSC‘:’”U TY. PRICE fgg ! PRICE i
: 1415061761121 %12 | i ;
1 | i IR ; T P )
e | | P | P [ L]
L i | LRy i b P P
[t | ! Pl it i1 i i P
[ | ! Py v v b ] i P L
f 1 [ R : L P :
' f ; EEEEEEEN ; C C
i ] i RN ] : i I
P | I R I i I t i
l e i R il o
_‘__ ||::|! go;au Puni 3 1:28000C ! : :
D woICees e I !
e _ . . suUs TOTRL L) oo
I sizncarc Dipitz! Producls {Computer Compatible Taoes? =
T T : Foloks T FORWMAT - Y U N :
LS I PITH-ROW | DATE FRODUCAY tToz |l ~ FOisL D‘i”f-’- ; '?!fl: i
e ’ AERTRLAY M | COZE § comam. UNVDR" \-\r—-I:\Sg ‘it gea Y. D PRICE PRICT
: . i i i : : i :
b i f i : :
Ty ; : ! i : :
roo i ; ! i :
? ’ ; ; :
} 1 ' H ! '
i i P i i i i : : i o i
i { i ! i ! i : i ] K R
: o
. : . . i :
i” ‘Soercral Sutcharges - sUE TOTAL{ND | | !
Speciz!, acquisition {2 Clessitving CLL COV [ 1 not classiving .. ..., scenes : :
I\'or‘.. S?ano.arc "B.n'ung - - e SCEMES H i
!Scaie -enhancer:héht by Bulk Processing Syses scenes ; ! ;
TCTAL t-i1-10 ) f
Sm:):nnf' anc hendiing - cost wal. De -charoed ;0 PRIOAITY SURCHARGE 502 4% :
shioment ou'lsue lnaalanc' _ SHIPPING CHARCE 0 % : ;
+ . : N R .
For 2ccession sids [ Catms 4 mventon eni } . GAAND FOTAL | Pzoe........ i C

2nc spegial proouTis | 1emn. e cirecrrome | erc. )
please coniact User Services dire iy z' TRE 2bove s00rest.

Eecewe-' by
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2.5, Data Processing/Anaiysis

2.5.1. Data Praccsmng T(:chmques .
Data processing techniques are broadly grouped into (I) lhe dna!og typc mcthod
by photographic processing and (2) the digital type method by comp\_lim processing.

(1) Analog method by pholog,mphlc processing _
Preparation of color images using a color synthetic viewer. In casce of LANDSAT,
positive films for each bands are exposed to blue, green and red lights to prepare
color iimages. ' '

(2) Digital method by computel pr occssnu,

Digital image andlym system

2.5.2. Anah'tma} Method
The analytical methed of data is broadly grouped into {1) dndiys:s of photos by
analysist’s eyes, and (2) analysis based on dialogue processing between a digital image

analysis sytem and an analyst.

{13 Analysis of photos by analysts eyes
interpretation of geological structure.
{2) Analysis based on dia’logue processing between a digiial image analysis system
and an analyst. ' '
O  Analysis of single information from remote sensing data — tladmeml digital
~ image analysis, _ '

® Compouﬁd analysis of remote sensing data and other geographical informa-
tioh — a now type of digiml image analysis, in which remote sensing data are

treated as one geographical infermation system.



1,53, Flow of Data hinage Analysis
A concu,tc flow for d'\hl analysis is shown in Figure 13.

C)rbata collection | ~—- Observation —~-- Purchase of satellite data (LARDSAT,
'SPOT)/Observation by aeroplane MSS
and aerophotos

Vv

" Various -=-~ Locational correction for adjustment

®{ Pre-processing | -~~
' treatments with maps
for . - Correction for radiation due to
correction . absorption by the atmosphere
k : .
®| Data character-| -—~ Image char- --- Dispersion in data for each wavelength
istics extrac- acteristics band
tion ‘ . - Characteristics by wavelength bands
@| Examination of | —== Analytical <=~ Applicability of automatic classifi-
image analysis - technique . cation
methods Applicability of density division
(®| Practice of ~—— Image - ~-= Implementation of image analysis by
image analysis analysis automatic classification
o Implementation of image analysis by
L . density division
& Post- - Proper arrangement --— Overlaylng with maps
processing of results of
' image analysis
L .
| color result --- Land utilization map, Temperature distribution map,
pictures Turbidity distribution map

Fig. 13 Flow of data analysis

2.6. Digital Image Analysis
2.6.1, Ou;.line

- Data used in remote sensing are converted to images which can be casily exarmined
through imagpe analysis. The image analysis is made by an image analysis system

exclusively for this use. The general procedure of the image analysis is shown below:

@ Acquisition of data

: (@ Brightness correction
6] Rectification
® Preparaiién of false color images

'(® Land cover classification
® Colléction of other geographical _inl"ormat_ion
@ Construction of image data base
QOverlay analysis of images



Data acquisition ]

Topographical " [ Geograpnical
map C {uformation

E.fid:s} pap : . Seil”
Brightuess nap
I.\- I correction . Geglo-..

. . gleal -
nap -
T“—"{ Rectification o el
Preparatlon of [ False eolor C
false foloy Images irages .

3

. Land cover
clagsificacion

Land cover
classification
images

Collection of
geographical :
information

—"—'“Tﬂ - .
[?Snstruction of Preparation of ;
image data base ] " varicus themauc
" { images *
/—\.—_»—
y E__._.__.—-..,_._._—_.H.-
Overlay analysis Images for -
[of images . > various
evaluations
L T ]
for e

aApplication to a
variety of
Surveys

Fig. 14  Flowchart of géneral' image analysis

2.6.2. lmmage Analysis Systern
A system for wmage analysxs m'uniy consists of a genelal purpose computer, a
minicomputer, a host compuier for personal computeis and an image processor. At
least, a magnetic tape equipment and a digitizer is necessary for input, while a color
display is necessary {or output. Figure 22 gix-‘cs anbxample of an image analysis

svstem,

2.6.3. Brightuess Correction

The tone of images {rom LANDSAT, when they are displayed as their nunerical
values or processed to images, may become 100 dark. This mAy cause inconvenience,
espcually when more than two images a;e c,)mpared for verification. Then, usually
they are subucted to brightness correction to make them more casily interpretable.

Here, a method of brightness correction for image data for twodifferent penods 15
explained. The seasonal difference between these two observation periods when
season and ¢limate ave different can be reduced by coffectinﬂ brighmcss of each other.
1) Histograms are made {or images of the Same range for the two penods '
2) One histogram of them is used as a standard toarrange the pmks of the histograms

in order.

3) A factor is multiplied to make the histograms similar as a whole.

Figure 1S outliues the concept of the brightness correction.”



Frequency

Arrange peaks

A factor is mul;iﬁlied
to nake the histograms
similar as a whole,

Fig. 15 Conceptual chart of brightness correction

2.64. Rectlf cation

lmages obtained from remote senslng data may have various types of distortion.
Rectification is conducted for coordinate transformation to assure the right positional

reiallon between the original obscrved data and the topoglaph]cai map.
Rectification of a LANDSAT i image firstly réquires selection of a ground control
point (C‘CP) The ground control point should be a point clear on the image and the
unmgmpmmﬂnmpanddmudﬂymabmﬁu@pmuuﬂa“umiﬁmnhnadlwu01a
road. Thecomﬁmawsofﬂm‘wkmmiQCPldemnumm on the image and the
7 topographlcal map to conduct coordinate transformation. When the coordinates on
the map and'thc'coprdinéles on the image arc (x,y) and {(u, v), respectively, the

following equation is used for the transformation;

X = al +aiv + as

Y = au + a4V + ds



Unknown factors ai through as are determined {rom the coordinates of more than 4
GCPs using the method of lease squarcs. _ '
When the coordinatc transformation is made, the original image cbrréspondinglo :

the position on the lopoglaphlml map may not be ’Wdll’lble in mdny cascs. In such a
case, it is ncccssary to interpolate the image corvesponding to the point from an input
image of the nc1ghb0mhooa using some method. The interpolation can be donc with
one of three methods; nearest neighbom mtetpolattou bi-linear interpolation and
cubic convolution mtupohtlon 'The nearest ne:ghbm inter polation is most widely

adopied. Figure 16 gives a conceptual drawmg of these three methods.

i
o
Q 1 Cx | £ Pii+1 I
’\_. E ,/\\ i ’/ /_ -]\A’) Presta1
e ) il anahy } P
; ] | Q
PN { !
) i RN o) 1
i D S SR ol S e
A z Pl Mpm
SR S OO SV S oy : I
!
J/ i L N Piy Py Pos
Nearest neighbor 'Bi?-linear Cubic tonvolution
interpolation interpolation interpolation
{the nearest points (Grids in the four (16 points in the neigh-
are applied) corners are used) bourhood are uged)

Fig. 16 Conceptual drowing of three methods for interpolation

2.6.5. Premmhon of False Color linages

As mentioned before. LANDSAT MSS data consist of 4 bands. Charactensucs of
monochrome photos for each band allow interpretation to some extent. However,
color synthesis by combining them can provide interpretation of things which can not
be seen on the monochrome photos.

The most widely used color synthesis includes;

Band 4: Blue {B) fitter

Band 3: Green (Q) filter

Band 7: Red (R). filter
It is called false color synthesis.

Color synthesis fiom the following bands whxch gives a color closc 10 eyes’
visibility is called natural color:

— 26~



‘Band 4: Red (R) filter
Band 5: Blue (B) filter
Bm_]d 7: Green (G) filter

Table 6 summarizes chatacteristics {or sitbjects on false color images.

Table 6 Characteristics on false color images

" Type

False color

Band 457 457
Subject BGR RBG
Snow - o Pure white Pure white

Thick cloud

Thin cloud

Haze

Forest
Cultivated land,

. Wild grasses

Bare land
Wet land
Urban area

Water (POiluted):

Water (Ordinary)
Shadow

Pure white

(Stadowed)

White
Slightly white
Red

"Pink (Yellow-

- brownish)
White
Pale blue
Pale blue
Pale blue
Dark blue
Black

Pure white
(Shadowed)
White -~
Slightly white
Green
Yellow~-brownish

White

Reddish purple
Reddish purple
Reddish purple
Bluish purple

"Black

2.6.6. Land Cover Classification

classification using ground trace data (a subject on the ground corresponding image
data and its surrounding environment are studied to know the relation between the
in.n'age'da.ta and the subj.ec_t), and classification not using ground trace data. There-
_are iwo classifications using gro:imd trace data such as masimum likelihood method

* and tree type method. ‘On the other hand, a typical classification method not us-

ing ground trace data.is cluster classification.

Typical classification methods in remote sensing are broadly grouped as follows;

Land cover classification in a forest survey adopts very often the maximum

likelihood * method. The procedure of the classification is as follows:

b

)

data. - : _
Anarea which can be clearly classified on the image is selected as a training field to

27

Items to 'be classified are determined from a false colof image and ground trace

calculate statistical quantities (mean values of data and scatiering).



3) lImage clements contained in the sampled area as a training field are classificd by
classification items, and a discrimination efficicncy in the ¢lassification is caleu-
lated to omit unnccessary training fileds. This calculation is repeated.

4) When_.(hc_disorimination cfficiency becomes reasonable, then the classification is
applied to the entire image. In this case, to which item data of one image element
should be classificd is automatically judged. ' 7 '

5) Since Iherl‘Cﬂf_:(_..‘,liOl._l _c.i_laraéteristics of a same item (for example, forest) may vary
under the sumlight and in the shade, they are firstly classified Scparafely and (wally

integrated into the same item.

2.6.7. Other Geographical Information . _ _
In conducting monitoring for forest land utilization, image analysis based on only
LANDSAT data can provide sufficient data to understand macroscopicalty the land
use cond_itio_-ns'. However, ';)ndf_:fsiatlding of relations between these land use condi-
tions and other geographical information (soils, topography, geology and others)
offers very i-m'portant basic information in forest managémént. o
For example, the relation of the land use conditions with soils, that with topo-
graphy and that with geology provide understanding of soils suitable to tree species,
fitness 10 locational conditions, and conformity, respectively. These information are
also very effective in planning iand use. . ' _
Thus, collection of geographical information reqﬁir_e_d for forest management is
conducted. In such a case, information requiring exi-sti.ng study materials are acquired.
When adequate information is not available, information will be prepared based on

topographical maps, cxisting materials and field surveys.

2.6.8. Construction of Image Data Base
Thematic maps required for thestudy including satellite data are processed to
image database as shown in the conceptual {igure of Figure 17, to be utilized 1o

image overlay to be explained later.
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Fig. 17 Conceptual figure of image database

Thematic maps prepared from existing soil maps and topographical maps arc a

cluster of po!i'gons_.'Th,ese poligon data can be input after processed by a digitized to

give coordinate values (x,y) and attributes. The poligon data are converted 10 raster

data in arbitrary size (I pixel size is 100m x 100m) by a computer to unify the data for

casy overlaying processing.

Thematic maps cffective in a forest study include forest type maps, geological

maps, soil maps, slope direction maps, slope inclination maps and others. These maps

are processed to image database for examination of relations among them and for

understanding of local characteristics.

2.6.9. Image 0\!&1’133' Analysis

By overlaying images, land classification and estimation of changes can be casily

done. Generally, oﬁ’erlayin_g processing includes (MINDEX method, @ OVERLAY
method, and AMATRIX method. These methods are briefly explained below:

(O

&

INDEX method

In the INDEX method, thematic maps (soils, inclination, geology and others) and
divisions (inclination of 0 — 5°,6 — 107 ...} are weighed to classily inaccordance
with total points of addition of the thematic maps. In the example of (Din Figure (8,

weigh for inclination i 2.

'OVERLAY method

In'the OVERLAY method, only specified divisions of information to be overlayed

are subjected Lo overlay processing. The example of (@) in Figure |8, is for insertion

of steeply sloped areas.

MATRIX method _

In the MATRIX method, as shown in the exampleof (D in Figure 18, iwo types of
infdrmation (land utilization and inc.linatio'n) are used fo prepare matrixes in
accordance with combinations of each division, and then effcctive values are sel

for cach matrix for overlay processing.
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Fig. I8 A conceptual figure of overlay processing
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