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1 .' Study Area

1.1 Location

he general location of the study area is shown in Map 1. This
Tparticular region of the country was chosen because it lies
within a 250 Km radius of the Laem Chabang Port where it is
expected that pulp and wood chip processing mills would be
set up in the near future. Close proximity to port facilities is
important in that it is conjectured that the main markets of the
pulp and wood chip products would be gverseas. The area con-
sidered in this study consisted of 12 1:50,000 RTSD map
sheetsl, listed in Table 1, including parts of five provinces in
the Southeast, Prachinburi, Chachoengsao, Chanthaburi,
Rayong, and Chonburi as well a portion of Khorat in the Nor-
theast. The total area examined was approximately 5.6 million
raiZ of land.

Table 1:  Study Site Map Sheets

Map Sheet Name Provinces

533511 Khao Chamun Chonburi,Rayong,
Chanthaburi,

‘ Chachoengsao
53351V Ban Tha Kloi Chachoengsao
53361 Santhani Dan Phra Prong  Chachoengsao
5336 It Khao Sung Bong Prachinburi
5336111 Ban Nong Kaphong Chachoengsao
53371 Ban Thong Pho Prachinburi
5338 I1I Ban Sap Noi Khorat
54351V Thung Kabin Prachinburi
5436 111 Ban Khao Chakan Prachinburi
54371 Ban Sa Prathip Khorat
5437111 Ban Kaeng Yao Prachinburi
54371V Ban Taling Chan Khorat

1 L7017 series editions 1 & 2.
2 1 hectare = 6.25 rai.




1.2 Physiography

Figure 1 gives an indication of the general physiography of
the study area. The region is part of the Southeast coast or East
coast of the Gulf of Thailand. The area is dominated by the
Banthat mountain range to the east (along the Thai-Kam-
puchean border) and the San Kamphaeng and Dong Rek ran-
ges to the north (part of Khao Yai National Park). In terms of
terrain, the area can be described as rolling to undulating with
dissected low hills and mountains, which normally have a
northwest-southeast orientation. Several isolated low hills
and mountains can be found scattered over the study area. The
only significant river draining the study area is the Mae Nam
Phra Phrong, otherwise numerous, smaller streams (huai) and
canals (khlong) can be found throughout the area. As can be
seen from the graph in F%gure 1, the median elevation is ap-
proximately 60-80 m ASL". Elevation over the study area ran-
ges from a Jow of 5 m up to 923 m ASL.

1.3 Climate

The study area’s climate can be classified as Tropical
Savannah (Aw) according to Koppen’s classification. The
average annual rainfall and number of rainy days over the
study area is detailed in Table 2. On average, the area annual-
ly receives about 1,900 mm of rain spread over about 140 days.
The rainy season runs from around July to October. Tempera-
tures vary marginally, ranging from a low of 26C in the winter
(December-January) to a high of 32C in the summer or hot
season (during April).

Table 2: Climate over the study area

Avg, Annual Avg. Annual
rovj in iny D
Khorat 1,137 117
Prachinburi 1,997 140
Chonburi 1,348 128
Chanthaburi 2,977 171

Source: Meteorological Office 1982

3

Above mean sea level.
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| Figure 1: Elevation distribution over study area.

1.4 Population and Basic Economy

Tables 3 and 4 give some of the more important
socioeconomic details of the study area while the locations of
the major population centers and transport networks are
shown in Map 2. The total rural population for the i
in the study area was approximately 3.4 million people” in
1985. According to 1980 figuresG, more than half of which were
engaged in agriculture. Population densities for Khorat,
Prachinburi, Rayong and Chachoengsao provinces is rather
sparse, less than 60 persons per Km®, while Chanthaburi has

Population data at the sub-district (fambon) or district (amphoe) was not
available, therefore provincial summaries were used instead.

National Statistics Office (NSO) 1985-1986 Statistical Yearbook of
Thailand.

NSO 1980 Population and Housing Census.




a density of between 60-110 persons per Km?. Chonburi, with
over 110 persons per Km” has the densest population of the
study area. The regional population growth rate is estimated
at 1.90% for "rural" areas and 2.85% for "urban" areas’.

Details of the Gross Provincial Products (GPP) for four of
the provinces in the study area are listed in Table 4. The fol-
lowing summarizes the provincial economies of the study
area:

Chachoengsao - mining and agriculture dominate

Chonburi - dominated by manufacturing followed by
agriculture and the service industry (Pattaya)

o Prachinburi - agriculture leads with trade 2nd
Rayong - agriculture followed by transport and trade

2. Potential Areas for Fast Growing Tree

Plantations

he basic aim of this research was to identify portions of the
Tstudy area (Map I) that might contain potential sites for fast
growing tree plantations. Gross land ownership (i.e., govern-
ment versus non-government) and areal investment priorities
were also determined. Additional by-products included in-
ventories of soil, land use, infrastructure, forest reserve, and
deforestation in the study area.

An additional consideration in this study was to test the
facility of Geographic Information Systems (GIS) as applied
to problems of this type in Thailand and to evaluate the quality
and availability of the raw data needed to carry out this kind
of work. The system used in this work is detailed in Appendix
1 along with a brief general introduction to GIS. A further aim
of this study was to illustrate other potential GIS applications
in the fast growing tree industry.

7

TDRI Human Resources Management 1986 Year-End Conference
Proceedings.




TABLE 3: General rural demography of the study area

Province  Population Villages Forest * Households

Khorat 1,506,588 2,572 707 272,641
Prachinburi 638,535 1,076 384 118,311
Chachoengsao 396,534 748 54 69,932
Chanthaburi 269,768 524 76 52,566
Rayong 240,532 307 84 45,293
Chonburi 368,260 519 64 59,547

TOTAL: 3,420,217 5,746 1,369 618,290

* Villages in encroached forests.
Source: Summary of NRD2 Survey Data 1986

Division of Evaluation & Planning
Budget Bureau

Table4: Known Gross Provincial Product of the Study Area

1 2 3- 4. TOTAL
Total Value 8,776.6 13,828.7 6,329.3 36,7136 65,648.2
Agriculture  2,810.2 2,5184 24833  5,056.9 12,868.8
Mining 97.5 6,277.1 336 804.6 72128
Manufacturing 429.2 2214 1858 16,691.7 17,528.1
Trade 2,4342 1,831.0 1,831.0 3,669.3 9,765.5
Service 795.2 642.7 3,6693  5,060.6 10,1678

Codes
1= Prachinburi

2=_Chachoengsao
3 = Chanthaburi
4 = Chonburi

Figures in millions of baht at current prices

Source: NSO 1985, Statistical Report of Eastern Region




2.1 Modeling Areas for Fast Growing Tree Plantations

In order to apply any computer based information system
to a real world problem, the problem itself must be clearly
defined in terms of the data and types of analysis needed to
solve it. In addition, the question that is posed by the user must
be answerable in concrete terms (a computerized information
system might easily answer the question "what is today?" but it
would have a difficult time in answering a question like "did
you have a nice day?" primarily because the term "nice" is
obscure and highly subjective and therefore requires the
"fuzzy" intelligence of a human being to understand). The
usual way of redefining a real world problem in terms that a
computer is able to understand is to formulate a model. The
model should simulate the question to be answered as close-
ly as possible.

In light of the above, the first task was to define the basic
data types required to locate potential areas for fast growing
tree plantations. After conferring with experts in agricultural
land use planning8 and reviewing the relevant literature it was
decided that the following data was basic to solving this
problem (these are described in detail in section 2.2 below):

¢ soil data

o present land use data’

« elevation and elevation derived data'®
« presently forested land areas

» forest reserve boundaries

In addition, there is an another, intangible factor that must
be considered in developing our model--public opinion. In this
case it has been determined that the success or failure of fast
growing tree plantations is not dependent solely on physical
factors, rather human behavior will also play an influential
role in their acceptance or rejection. Modeling human reac-
tions is, however, perhaps one of the most difficult tasks facing
the users of computers who wish to model the real world. Al-
though much time and effort has been spent on forecasting
public opinion, it is still more of an art than a real predictive

10

Khun Charlie Navanugraha at the Land Use Planning Division,
Department of Land Development.

This data was used mainly for comparison purposes, please see section 2.2
for more details.

Elevation derived data includes slope and aspect.




science. In view of this, it was therefore decided to simplify
this as much as possible to reduce this factor to a more
manageable one. This was done in view of the time and budget
allocated for this study. Details can be found in section 2.2.7.

Having determined the data required for modeling poten-
tial areas for fast growing tree plantations, it is next necessary
to establish the types of analysis required. In general GIS
terms, the search for an area or areas that meet certain criteria
is called site selection. Site selection is mainly the reclassifica-
tion of some set of basic data or map categories to meet a
definition of a "new" categorg,r1 . In most cases, the necessary
data is not contained in one unified database, rather it is usual-
ly spread amongst numerous discrete data layers. These data
layers must be combined into a form that facilitates the re-
quired queries. In GIS terminology, the combination of
several data layers into one database is called overlay. There
are several types of overlays, which can be thought of as being
more or less analogous to set operationslz. For example, an
intersection overlay operation involves the geometric intersec-
tion of two data layers where only the featuresin the area com-
mon to both data layers are retained, while a union would
retain gll features of both data layersB. In this study, intersec-
tion was the method used to combine the basic data layers out-
lined above into one database.

Full details of the final model used in the analysis are given
in sections 2.2.7 and 2.3 below.

11
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13

Berry, J.K., 1987, Fundamental operations in computer-assisted map
analaysis. Int. Jour. Geographical Information Systems Vol: 1 #2 pp 119-136.
In map algebra, units on a map are thought of as being contained in a super
set--the map itself. Each superset would in turn be composed of several
subsets, i.e. the various catagories on the map.

To further illustrate, an intersection of the sets {1,2,3,99} and {1,4,5,99}
would be the set {1,99}, while the union would be the set {1,2,3,4,5,99}.




2.2 Basic Data

The following section presents details of the basic data
used during this analysis. The data was originally in analog
form (paper maps) and was transferred to 2 computer com-
patible form by digitizing the analog maps 4 The scale of all
data was 1:50,000. The basic unit used during this project was
the Royal Thai Survey (RTSD) 1:50,000 topographic base
maps, referred to as map sheets. Table 5 indicates the ages of
the various layers of basic data found on each of the 12 map
sheets in the study area. It should be stressed that the land use
data is more or less out-of-date’>. This fact played amajorrole
in developing the final model used in this project. Details are
found below in section 2.3

2.2.1 Soil Data

The soils found over the study area are summarized in
Table 6. Map 3 provides one example of the soil maps of the
study area . Slope complexesl7 or mountain soils
predominate over the study area occupying over 1.3 million
rai or almost 24%. The remaining soils, in general, can be
described as being moderately deep, low soil pH (5.8), and
sandy (the Sand:Silt:Clay percent ratio averaging 60:28:12)
with low to moderately low nutrient status. These soils are
mainly granite and metasediment derived with some sedimen-
tary parent material.

The data collection dates of this layer range from as old as
1975 up to 1980. While this may seem rather ancient, in GIS
terms soil is thought to be "long shelf life" data, that is it is
rather stable and will, in theory at least, change very little over
time. A cursory examination in the field indicated that the soil
map data was fairly accurate. It was impossible owing to time
considerations to check the soil attribute data (i.e., soil

14
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17

The analog maps were first transferred to a stable base (mylar) in order to
ensure a smooth, wrinkle free digitizing surface.

Field work in the area confirmed this. While some major land uses
remained more or less the same (for example, paddy and upland
agriculture) others such as forest land changed dramatically. In general, it
can be said that forest land was replaced by upland agriculture mainly
cassava.

All basic data used in this study is obtainable in digital format from TDRI
Soils occuring on slopes greater than 35%.
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chemistry) and this was therefore assumed to be accurate. The
soil map and attribute data was provided by the Department
of Land Development (DLD).

2.2.2 Land Use Data

While this data layer is officially termed "present land use”,
a glance at fable 5 will show that it is actually more "historical
land use” than "present land use™. For this reason, it was used
chiefly for comparison purposes. The present forest land use
(acquired from 1988 LANDSAT imagery and ground checks)
was used instead and is dealt with separately in section 2.2.4.

Map 4is an example of this data. The data source was again
the DLD. Table 7 provides a summary of this data. In general,
the dominate land use (at least historically) was Dry
Evergreen forest, followed by Mixed Deciduous forest, cas-
sava, Dipterocarp forest, transplanted rainfed rice, corn, and
degraded forest usually encroached by upland crops such as
corn-cassava intercropping and sugar cane. In fact, the
dominate "present” land use is not Dry Evergreen forest, as
witnessed by the forested land data which indicates that only
1.4 million rai of forested land still exists in the study area as
opposed to the almost 3 million rai derived from the "present”
land use data of DLD. For this reason the land use data was
used primarily for comparison purposes rather than as a main
source of data®.

2.2.3 Elevation and Elevation Derived Data

Elevation and elevation derived data (slope and aspect)
were obtained from the available 1;50,000 Royal Thai Survey
Department (RTSD) L7017 series” topographic maps. This
was done in a manner analogous to the soil and land use data
with the exception that where the map data for the soil and
land use layers were digitized exactly as it appears on the
analog maps, the elevation data was only modeled. The most

18
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20

On average it takes almost 5 years to complete a "present" land use map for
any given province.

Human settlements, rice paddies 7nly land use data that was actually used in
the model. Human settlements while probably expanding with time, on the
average cover very minor portions of the study area (about 175 rai). Rice
paddies are probably one of the more stable land uses in Thailand and in
theory will change little.

L7017 series maps cover an area of 15'x15’ (equivalent to about 460,000 rai
of land), the older L708 series covers an area of 15’x10’ (310,000 rai).
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important features (streams, valleys, ridges, peaks, etc., etc.)
were identified and sampled for elevation triplets (X,Y,Z). A
grid or matrix of elevations was then constructed from these
samples. Slope and aspect (downhill direction of slope) were
then in turn derived from this matrix. Figure I provides a
graphical summary of the elevation data over the study area.
Map 5 is an example of the elevation data, Map 6 is an example
of a derived slope map, and Map 7 is an example of a derived
aspect map, It should be stressed that these maps are only
models of the actual terrain in the study area.

Table 5: Data collection dates

Map Land

Sheet Soil use  Topography Forest
533511 1978 1982 1969 1988
53351V 1978 1978 1974 1988
53361 1978 1978 1969 1988
5336 11 1980 1979 1969 1988
5336111 1978 1978 1969 1988
533711 1980 1979 1969 1988
5338III 1975 1975 1969 1988
54351V 1980 1979 1974 1988
5436 I 1980 1979 1969 1988
54371 1975 1975 1969 1988
543711 1980 1979 1969 1988

54371V 1975 1975 1969 1988
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Table 6: Soil summary21

Soil Area (rai) Count
Aranyaprathet 455 1
Ban Chong 580 1
Ban Bung 38,506 6
Bung Channag 5,012 4
Buri Rum 3,474 2
Bang Khla 164,619 23
Chon Buri 22 1
Chum Phon 1,234 2
Chok Chai 108,030 4
Chai Natl 871 2
Chan Tuk 4,416 1
Dan Sai 1,537 1
Hup Kapong 4,385 2
Hin Kong 2,928 5
Huai Pong 2,206 1
Hin Son 1,570 2
Huai Yot 274,180 6
Kabin Buri 90,869 32
Khlong Chak 4,405 3
Klaeng 241 1
Khlong Teng 14,547 7
Khlong Nok Krathung 3,528 1
Khorat 103,833 46
Khao Yai 1,895 1
Ko Khanun 116,175 14
Li 2,855 1
Lam Narai 43,016 2
Lop Buri 4,496 8
Map Bon 10,240 4
Muak Lek 74,564 14
Makham 1,011 2
Nam Phong 26,554 27
Nakhon Phanom 13,528 11
Nong Kok 27,692 3
Olum Chick 4,879 5
On 1,780 6
Pak Chan 1,554 1

21

Count represents the number of distinct occurences of that particular soil

polygon.
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Table 6: Soil summary (continued}

Soil Area (rai) Count
Phak Kat 527 1
Pak Chong 45,376 10
Phuket 384 1
Phimai 2,662 4
Phen 59,663 50
Phon Ngam 43,934 6
Phon Phisai 78,136 44
Phang Nga 3,410 3
Phu Sana 2,657 1
Pang Rai 63,677 6
Pran Buri 9,033 1
‘Ratchaburi 56,293 18
Roi Et 52,622 62
Renu 79211 49
Ruso 1,243 1
Sanphaya 1,493 3
Sattahip 26,350 5
Sakon 33,336 10
Surin 32,124 4
Satuk 61,495 49
Tha Sae 3,541 2
Takhli 25,491 11
Tha Muang 7,355 4
Tha Yang 46,858 12
Thai Muang 952 1
Thap Kwang 83,904 25
Thap Phrik 17,570 9
Ubon 1,494 2
Wattana 5,064 2
Wang Tong f 19 1
Wang Chomphu 922 1
Warin 58,748 16
Wang Saphung 604 1
Yasothon 17,221 5
Chok Chai / Surin 9,434 1
Kabin Buri / Kabin Buri, brown variant 132,170 11
Kabin / Kabin, brown var. / Tha Yang 4,108 3
Khiong Chak / Nong Kla 5,928 3
Khlong Teng / Na Thon 7,896 1
Korat, gravelly var./Satuk, gravelly variant 4,018 1
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Table 6: Soil summary (continued)

Area (rai) Count

Soil

Korat / Phon Phisai 406 1
Korat /Roi Et 636 1
Korat / Renu 15,883 5
Korat / Satuk 130,550 8
Korat / Satuk / Renu 2,085 1
Korat / Warin 4,203 1
Khao Yai/ Chatturat 535 1
Khao Yai/ Hin Son 1,206 1
Li/Ban Chong 16,676 4
Lat Ya/Tha Yang 229,473 32
Makham / Roi Et 24,694 1
Muak Lek/Li/Ban Chong 19,516 1
Muak Lek / Thap Kwang / Kabin Buri 9,538 1
Muak Lek / Wang Saphung 25,124 2
Nam Phong / Korat 115 1
Pn/Re Association 2,042 3
Phen/ Roi Et, gravelly subsoil variant 6,744 3
Phon Phisai / Bang Khla, brown variant 1,291 1
Phon PhiSai / Korat 2,840 5
Phon Phisai / korat, gravelly sub. variant 7,131 3
Phon Phisai / Sakon 3,244 2
Roi Et, gravelly / Roi Et, loamy var. 8,411 4
Roi Et/ Roi Et, gravelly subsoil variant 2,930 1
Roi Et/Renu 14,824 6
Roi Et/ Ubon 3,782 1
Renu / Renu, gravelly subsoil variant 1,414 1
Sattahip / Ban Bung 2,359 2
SiKhiu / Sung Noen 6,678 1
Sakon/Bang Khla, brown var,/Phon Phisai 162,791 1
Sakon/Renu 2,801 1
Satuk, gravelly/Nam Krachai, fine loamy 1,643 1
Satuk / Khorat 28,036 5
Satuk / Renu 1,538 1
Satuk / Warin 16,543 5
Thap Kwang / Huai Yot 21,394 2
Thap Kwang/Muak Lek 9,237 1
Tha Yang / Bang Khla 19,544 1
Tha Yang/Lat Ya 1,190 1
Thap Kwang / Phak kat 99,437 1
Warin/ Nam Phong 1,843 1
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Table 6: Soil summary (continued)

Soil Area (rai) Count
Warin/ Satuk 7,487 1
Warin / Satuk / Nam Phong 35,201 2
Wang Saphung / Thap Kwang 21,867 3
Yasothon / Warin 1,389 1
Thap Kwang, lateritic / Thap Kwang 4,734 2
Nam Phong / Warin 5,863 1
Tha Chin/ khlong Chak 10,038 1
Tha Chin / Huai Pong 5,751 1
Suk-gr/Kt-gr 470 1
Thap Kwang / Thap Kwang, lateritic var. 68,969 1
Muak Lek / Takhli - 3,003 1
Thap Phrik/Muak Lek Association 23,216 1
Tpk/Tk-br/Tpk 33,266 2
Bang Khla, brown variant 9,312 1
Kabin Buri, brown variant 20,644 7
Map Bon, clayed variant 3,077 2
Nong Mot, strong brown variant 15,534 3
Phon Phisai, no mottled clay variant 112,902 4
Roi Et, gravelly subsoil 2,142 7
Roi Ft, loamy and calcareous variant 281 1
(Suk-Col.) 18,982 1
Satuk, gravelly subsoil variant 633 1
(Suk-Gra) 18,602 12
Satuk, mottled variant 13,345 3
Satuk, moderately deep variant 5,332 1
Satuk, moderately mottle variant 7,153 1
Takhli, brown variant 1,435 1
Thap Kwang, lateritic subsoil 3,940 3
Tha Yang, loamy skeletal variant 15,339 2
Warin, gray mottled variant 462 1
Khlong Chak, gravelly 14,339 2
Huai Pong, mottled variant 354 1
Pak Chong, fine clayed variant 9,372 2
Huai Pong, mottled variant 1,001 1
Sattahip, shallow variant 2,046 1
Thung Wa, yellow variant 292 1
Renu, calcareous variant 27 1
Phen, calcareous variant 359 1
Phen calcium variant 3,575 1
Muak Lek, Tha Yang variant 8,969 1
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Table 6: Soil summary (continued)

Soil

Area (rai) Count

Roi Et, lateritic variant 1,088
Aranyaprathet, calcereous variant 373
Korat gravelly phase 39,375
Pak Chong, stoney phase 91,897
Phang Nga, shallow phase 3,523
Phon Ngam, moderately deep phase 750
Roi Et, gravelly phase 441
Roi Et, loamy variant 81,123
Takhli, stoney phase 43,190
Satuk, gravelly subsoil 1,684
Alluvial Complex 15,679
Alluvial Complex, poorly drained 2,218
Alluvial soil, well drained Complex 15,031
Slope Complex 1,338,229
Bang Khla and Bang Khla, brown variant 138,696
Hup Kapong and Sattahip soils 2,809
Kabin Buri and Kabin Buri, brown soils 15,296
Pang Rai and Satuk, moderately deep soil 69,500
Satuk & Warin 33,448
Kabin, brown var, & Kabin and Kabin, mott, 8,491
Hin Kong & Ko Khanun 3,334
Urban 414
Water 1,431

N
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Table7: Land use 2

Land use Area (rai) Count
Dry Evergreen forest 2,205,208 116
Mixed deciduous 697,306 78
Cassava 455,689 22
Corn-Cassava 385,029 16
Dipterocarp forest 351,566 133
Rainfed rice (trans.) 290,769 282
Corn 272,022 118
Encroached Forest/Upland crop 196,658 28
Cassava-Corn 182,588 32
Sugar cane/Cassava 127,698 9
Village 51,313 296
Cassava/Natural pasture - 44,006 6
Rainfed rice 37,062 18
‘Dry Evergreen to Sugar Cane 28,403 6
Dipterocarp plantation 26,217 4
Natural pasture-Cassava 23,023 4
Encroached Dipterocarp-Cassava 22,457 6
Corn-Encroached mixed deciduous 19,172 2
Encroached Mixed Deciduous 17,491 16
Natural pasture-Corn 16,625 1
Encroached Dry Evergreen-Cassava 15,539 4
Sugar cane 14,917 34
Waste land-Cassava 13,774 3
Encroached Dry Evergreen 13,604 51
Corn/Natural pasture 13,242 3
Dipterocarp plant.-Rainfed rice 12,673 1
Transplanted rice/Corn 7,292 5
Dipterocarp/Corn 6,318 2
Dipterocarp-Waste land 6,150 3
Corn/Natural pasture 5,013 1
Natural pasture 4,035 5
Corn-Dipterocarp 3,282 1
Cassava-Rainfed rice 3,248 3

22

In Department of Land Development (DLD) terminology, the symbol "/"
indicates mixed land uses that are too randomly spread to be accurately
mapped as individual polygons. They can however be differentiated, thus
the first land use type is usually 70% of the polygon. The "-" symbol
indicates areas with land uses that cannot be differentiated. These are
analogous to the associations and variants in soil mapping..
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Table 7: Land use (continued)

Land use Area (rai) Count
Corn/Rainfed rice (trans.) 3,178 8
Encroached Mixed Deciduous-Corn 3,107 3
Cassava-Encroached dipterocarp 2,852 3
Cassava-Waste land 2,711 3
Encroached Dry Evergreen-Corn 2,580 1
Scrub forest 2,057 5
Cassava/Corn 1,985 1
Corn/Cassava 1,700 4
Mixed fruit orchard 1,377 13
Corn-Waste land 1,168 1
Encroached Dry Evergreen forest 1,034 3
Miscellaneous use 1,006 7
Water 976 7
Cassava/Bamboo : 966 1
Rock land 818 1
Natural pasture/Corn 664 1
Waste land-Rainfed rice 634 1
RTG 628 10
Urban 624 3
Orange grove 423 2
Swampy area 381 1
Mixed fruit orchard-Village 312 1
Mixed fruit-Cassava 264 1
Waste land-Corn 203 1
Transport center 163 1
Bamboo 159 2
Jute 150 2
Cassava/Jute 130 1
Soy bean 18 1
Cassava/Rainfed rice 112 1
Encroached Dipterocarp 97 1
Coconut plantation 76 2
Swamp forest 76 1
Ornamental plant nursery 69 1
Mango orchard 63 2
Teak plantation 56 1
Banana plantation 52 1
1

Sugar palm plantation 33
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2.2.4 Forested Land

This data layer was derived from LANDSAT imagery and
verified by ground checks. The satellite imagery used was from
1988, and represents the most up-to-date forest inventory
available for this p315 provides details of this data layer. As
mentioned previously, there are only 1.4 million rai of forested
land of all types left in the study area. This amounts to about
25% of the study area, a figure on a par with the national
average.

2.2.5 Forest Reserve

The Royal Forest Department controls areas of the
country designated as "forest reserves”. These reserve areas
are, in fact, political units and have very little to do with the
existence or non-existence of forest®>. The RFD leases out
certain of the more degraded and less environmentally sensi-
tive reserve areas, usually at a nominal fee (typically 20
baht/rai per year). For this reason, this data layer is especial-
ly important, as economically these areas are more feasible in-
vestment sites than privately held land. There are some 2.7
million rai of forest reserve land in the study area. Table 9
provides a breakdown of the reserve areas by map sheet. Al-
most half (49%) of the study area is reserve forest and thus
public land.

2.2.6 Deforestation

While various macro-scale estimates of deforestation have
been regularly presented, there has been little information
available at a reasonably large scale over a sizable area.
Deforestation is therefore detailed here as an important by-
product of this study. Deforestation details, by map sheet, are
presented in Table 10. An example of past forest land (derived
from "historical” land use), "present" forest land, and forest
reserve area is presented in Map 8.

23

It is assumed that at one time in the past these areas were completely

forested.
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Table 8: Forested land summary

1988 Forest

Map Sheet Area (rai)
53351 ) 179,633
53351V 104,222
53361 0
533611 124,908
5336 111 20,546
533711 118,069
5338 111 57,753
54351V 81,915
5436 111 6,210
54371 94,723
5437111 346,073
54371V 273,156
Total: 1,407,208
(25% of study area)

2.2.7 Intangibles: Public Opinion

Various newspaper articles*have pointed out the strong
resentment of local inhabitants to fast growing tree planta-
tions, eucalyptus plantations in particular. This animosity has
been expressed rather forcefully, with some plantations and
reforestation projects being the subject of arson attacks or
otherwise damaged. In order to incorporate this human at-
titude into the plantation site selection model, it was neces-
sary to express it in more concrete terms that the GIS and
computer could understand. It was thus "re-phrased" as fol-
lows:

o Humans resent eucalyptus plantations because they
rightly or wrongly believe that these plantations will
degrade "good" soil, thus making it unproductive for
other agricultural uses.

GIS:- Select areas with very poor agricultural soils.

» Humans resent eucalyptus plantations because they
believe that they will be forced off their land.

GIS:- Select state owned areas, excluding village sites.

24  For example, see article in Siam Rath newspaper March 12, 1987.
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« Humans resent eucalyptus planations because they
believe that plantations will replace "natural, native”
forests.

GIS:- Select areas that are already deforested.

These "high level" GIS terms were then combined and
translated into lower level or primitive GIS operations.

While this model will not ensure that these plantations will
ultimately be acceptable to the general public, it does provide
a minimal logical framework within which to attempt this
project. If publicly owned, deforested areas with very poor
general agriculture soils can be made over into successful sites
for fast growing tree plantations, then their wider acceptance
will be more likely to occur.

2.3 Analysis

The basic methodology used for this analysis is described
below.

The first step was to digitize or convert to computer form,
all the relevant data described above. This involved several
steps: digitize, then make a check plot to compare to the
original data, followed by any needed editing of the data. The
attribute data was also keyed or imported from existing sour-
ces. Attribute data was mainly soil physical characteristics and
soil chemistry.

The second step was to intersect all of the digitized data
coverages. Soil, land use, forest, forest reserve, elevation,
slope and aspect were thus combined into a single database.
This final covergge was further edited to reduce unwanted
"sliver" polygcms2 .

The third step involved classifying each of the 12 final
coverages for 25 (Table 11) of the more economically impor-
tant crop types. This required the use of an "expert” system

25

A "sliver” polygon is a polygon that occurs as a result of human digitizing or
map compilation errors or otherwise is so small an area as to have no real
meaning at the final map scale. For a scale of 1:50,000 areas less than 40 rai
were eliminated.




21

previously developed for use in a land use planning project26.

This expert system is based upon the DLD-modification of the
FAO "land unit"?’ system. It routinely classifies land units for
crop suitability based upon physical characteristics. Each land
unit in the final coverage will thus contain classifications
({1,2,3,N} ranging from 1-very suitable to N-not suited) for
each of the 25 crop types. This enabled the model to evaluate
whether a given area was suitable for any important cropzs.

Table9: Royal Forest Department Forest Reserve summary

RFD Forest

Map Sheet Reserve Area (rai)
333511 435,095
53351V 100,531
53361 119,188
533611 149,606
5336 111 365,051
533711 93,354
5338111 266,127
54351V 405,245
5436 111 _ 355,351
54371 386,909
5437111 61,292
54371V 0
Total: 2,737,749
(49% of the study area)

The fourth step was select all areas that met the following
criteria:

» Not presently forested.
» Not urban, village, or water resource areas.

« Not in a national park (applies only to map sheet
54371).

26

27

28

Chiang Mai province, a project jointly carried out by TDRI, DLD, and the
National Research Council of Thailand.

A "land unit" is a homogeneous area with the same soil, land use, slope,
elevation, etc., etc.

This is similar to the technique used by DLD when formulating its
provincial land use plans
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« Inside RFD forest reserve boundary (and thus, in
theory, publicly owned).

« Poorly suited for all important crop types (basically
bad agricultural soils).

Table 10: Deforested area summary

Map Sheet  Deforestation (rai) Rate (rai/yr)

5335 11> -86,058 -14,343
53351V © 315,877 31,588
53361 98 454 9,845
5336 11 301,063 33,451
5336 Il 191,653 19,165
533711 73,670 8,186
5338 I 62,248 4788
5435 1V 115,337 12,815
5436 IIT 226,068 25,119
54371 126,619 9,740
5437 11 89,065 9,896
5437 IV 129,745 9,980
Total: 1,643,741
Avg: 13,353
(1,729,799) (15,870)

Figures in parentheses were calculated excluding map
sheet 5335 IIL

29  This map sheet showed a pet gain in forest land, hence the negative
deforestation values. This is due to some reforestation work and plantation
projects in this area.
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Table 11: Economic Crop Types Classified By Suitability

Expert System
paddy rice sugarcane
upland rice coconut
basmati rice cotton
arabica groundnut
robusta garlic
tea tobacco
coca castor beans
wheat longan
barley mango
soybean pyrethrum
potato vegetables
macadima nut pasture
corn + soybean + sorghum

The above criteria were logicaily combined using boolean
algebra, i.e. ANDed--that is for an area to be selected all of
the above must be true.

The results of these four steps were areas suitable for
potential fast growing tree plantation sites. These are
described in the following section.

2.4 Results

The final results of this study are presented as a series of
maps (Maps 9-19) and as tabular summaries in Tables 12 and
13.The maps present each potential area along with the avail-
able infrastructure and surface hydrology. Map sheet 54371V
was completely rejected because it did not contain any suitable
land inside forest reserves and was thus considered to be too
expensive in terms of land acquisition. The remaining maps
may be used as aids in planning or for further refining invest-
ment in these areas.

Overall, there exists over 1.4 million rai of potential land
for fast growing tree plantations in the study area. Of this
amount, there is about 770,000 rai (14% of the study area) that
is nominally public land (in theory) and thus available for a
modest rental fee, making it the most economically and physi-
cally feasible part of the study area.

Table 12 provides a tabular summary and a simplified
economic analysis of each of the study area’s map sheets.
There are several key assumptions that should be made clear
at this point. First the figures used to calculate potential
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production (15 tons/rai) and potential operating costs (2,700
baht/rai) are derived from Chadbunchachai’s™ investigation
and interviews with farmers currently operating small scale
eucalyptus plantations in the study area. The production
figures and all other figures derived from these, are based on
the assumption that gll of the potential area would be utilized
for plantatlons The transport cost figures are based on 1 baht

of raw wood shipped. The discount rate used
to calculate the present value was 12%.

The rate of return was determined for each of the map
sheets in the following manner.

The net production in metric tons per map sheet was deter-
mined by simply multiplying the potential area by 15 tons/rai.
This was an average figure, as production rates have been
reported at 10, 17, and 20 tons per rai in one 5 year cycle.

The net income was calculated from the prevailing factory
gate price for eucalyptus logs--600 baht/ton. It is expected that
this price will improve, particularly should the Kingdom’s
forests remain closed to logging.

The production costs are based on potential area multi-
plied by 2,700 baht/rai. The total net costs include production
and transport costs. Transport costs were determined by dis-
tance to Laem Chabang port, which was calculated from the
center of each map sheet. The basic transport unit was a ten-
wheeled truck capable of transporting 12 tons of cargo.
Transport costs are based on information from the Express
Transport Organization of Thailand.

The ultimate end result of this study is the investment
priority ranking shown in Table 13. The return figure of 15%
was used as a cutoff, largely because it was assumed that any
areas returning less than this might be considered too risky by
potential investors at the present. Together, the 8 map sheets
with rates of return above 15% can potentially produce over

30  Chadbunchachai, N. 1985. Cost and return on investment of private
Eucalyptus camaldulensis plantation in Chachoengsao province.
Unpublished Master Thesis Kasetsart University 158 pp
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9.25 million tons of wood, worth almost 5.55 billion baht ver-
sus approximately 1.66 billion baht in total production costs
over each five year crop cycle.

2.5 Risks

In any human undertaking, there is always some element
of risk and fast growing tree plantations are no exception. Four
main areas of risks immediately come to mind: infrastructure
over burden, erosion, fire hazards and pollution. These are
briefly discussed below.

Table 14 summarizes the infrastructure over the study
area’L. Table 15 provides some estimates of the possible truck
traffic should all potential areas be utilized for fast growing
tree plantations. A preliminary field check showed that the
volume of heavy trucks in the study area is now practically nil,
From Table 15 it is obvious that there will be an enormous in-
crease in the traffic burden over these rural transport net-
works. While it is impossible to say at this time what the exact
effects of this kind of traffic volume are, it is suffice to say that
they would be detrimental. This raises serious questions
regarding the responsibility of maintaining and upgrading this
infrastructure--a very considerable undertaking.

Any sort of agricultural activity will usually produce some
form of erosion unless adequate measures are taken to mini-
mize it. Table 16 summarizes each map sheet’s potential fast
growing tree plantation areas that may be subject to some
form of erosion--either because of steep slopes or erodible
soils (generally very sandy). Of the potential plantation areas,
some 200,000 rai or 26% might be subject to erosion. Map 20
gives a graphical example illustrating this hazard.

Fire is a very real and ever present hazard to any agro-
forestry endeavor. Since many of the potential plantation sites
in the study area adjoin presently forested land areas, for ex-
ample see Map 21, it becomes a threat common to both. A fire

31

A word of caution at this point--these figures are based on the available
topographic base maps some of which are almost 20 years old. While most
of the major features (e.g. super highways, railroads) will not have changed
much and others will have simply been structurally upgraded (dirt to
macadam road) without changing their locational data, other new features
will have been added. This is especially true in rural areas in development
projects, such as those conducted by the Office of Accelerated Rural
Development (ARD)
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that begins in one area can very easily spread into the sur-
rounding area, regardless of ownership. It is therefore impera-
tive that measures be taken to protect both the natural and the
man-made forests from fire hazards™. Co-operative agree-
ments between institutes will need to be worked out.
Referring again to Table 15, it is apparent that a large
amount of pulp (some 600,000 tons annually) will be produced
if all potential plantations areas go into production. Pulp
production requires large amounts of water and will potential-
ly also release large amounts of pollutants into the surface
water supply. While this hazard applies primarily to factory
sites, its effects might be felt over a much wider area. It will
also indirectly affect fast growing tree plantations through in-
creased pulp factory operating costs and lowered profitability.

2.6 Conclusion

This study examined an area within a 250 Km radius of
Laem Chabang Port (Map I) for potential sites for fast grow-
mg tree plantations. The total study area was over 5.6 million
rai. The results of this study suggest that there are potentially
some 617,000 rai of land that is both physically and fipancial-
ly suitable for fast growing tree plantations in this region.
These results are summarized in Tables 12 and 13, and in Maps
10-19.

Some potential risks were also delineated, these being in-
frastructure over-load, fire, erosion, and factory site pollution.
A further, detailed assessment of risks is called for.

Another aim of this project was to assess the applicability
of GIS to problems of this type in Thailand. It has been found
that most data were adequate to meet the data demands of this
type of task--the only exceptions being "present" land use and
infrastructure which were woefully out-of-date. A supportive
role for remote sensing is indicated here, it can be used to
supply more up-to-date land use and infrastructure data as was
done for the forested land data in this study. As far as efficien-
¢y is concerned, the data capture, analysis, and final map
production required slightly over three weeks to complete. It
should be noted, however, that experienced GIS-staff was
used for this project and similar times should not be expected
for less experienced staff.,

32

Measures should also be undertaken to prevent the further encroachment
of forested land by plantations
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Table 13: Potential area investment priority

FIRST PRIORITY
Map Potential Rate of
Sheet Area Return
1. 5335 111 188,203 26.51%
2.53351V 54,753 25.93%
3.5336 111 125,188 21.31%
4.533611 47,754 20.85%
5.54351V 11,275 18.71%
6.53361 31,155 18.71%
7.5436 I11 130,836 17.15%
8.533711 27,796 16.78%
Area: 616,960

SECOND PRIORITY
Map Potential Rate of
Sheet Area Return
9. 5437111 8,754 4.38%
10.5338 111 62,140 13.76%
11. 54371 81,356 11.17%
Area: 152,250

SECOND PRIORITY
Map Potential Rate of
Sheet Ar‘ea Return
54371V 0

Table 14: Infrastructurc summary

Railroad
Highway
Paved road
Unpaved road
Villages

Based on information obtained from RSTD topographic

maps.

30Km
76 Km
256 Km
2,427 Km
302 Sites
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Table 15: Wood/pulp production and transport summary
Raw Wood Annual Pulp Annual*

Map Production Production Vehicle
Sheet (tons) (tons) Trips
5335111 2,823,045 128,320 47,051
53351V 821,295 37,332 13,688
53361 467,325 106,210 8,850
533611 716,310 32,560 11,939
5336 111 1,877,820 85,355 31,297
533711 416,940 18,952 6,949
5338111 932,100 42,368 15,535
54351V 169,125 7,688 2,819
5436 111 1,962,540 89,206 32,709
54371 1,220,340 55,470 20,339
5437 1 131,310 5,969 2,189
54371V 0 0 0
TOTALS: 11,538,150 609,430 196,365

*12 ton per trip estimated using standard 10-wheeled
truck

Table 16: Potential erosion hazards in plantation areas

Map Plantation Potential Erosion
Sheet Area (rai) Area (rai)
5335111 188,203 22,759
53351V 54,753 1,090
53361 31,155 839
5336 11 47,754 2,378
5336 111 125,188 9,765
533711 27,796 22,761
5338111 62,140 38,992
54351V 11,275 9,251
5436 111 136,836 19,990
54371 81,356 65,765

5437111 8,754 6,532
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1. Brief introduction to GIS

he following briefly presents some basic concepts concern-
Ting GIS.

1.1 Definition

A GIS has been variously described as:

"a data base system in which most of the data are spatially
indexed, and upon which a set of procedures operates in order
to answer queries about spatial entities in the data base.

"a set of tools for collecting, storing, retrieving at will, trans-
forming, and displaying spatial data from the real world for a
particular set of purposes. 34

From the above it is clear that a traditional GIS is both a
tool and a database. It is essentially a data driven process.

Two very dissimilar types of GIS are recognized. The first
type of GIS makes use of map-based data in a vector format.
The second class of GIS uses image-based data in a raster for-
mat. Most of the GIS research to date has concentrated on
map-based systems. The software used for the PSU/ADB
project described above was a vector based GIS. This paper
will therefore examine GIS applications from the viewpoint
of the vector type GIS. For a discussion of vector and raster
GIS, the reader is directed to reference?.

1.2 Fundamental GIS operations

GIS, as in most computerized systems, has four elemen-

‘tary operations: data capture, data editing, data analysis, and

data output. It differs from other computerized systems in the
details of the four basic operations. These details are dis-
cussed below.

33 Smith,T.R., Menon,S., Star,J.L., and Estes,J.E., 1987, Requirements and
principles for the implementation and construction of large-scale
geographic information systems. Int.J. Geographical Information Systems
Vol 1, #1, pp 13-31

34  Burrough, P.A. 1986, Principles of Geographical Information Systems for
Land Resources Assessment, (Clarendon Press Oxford).
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1.2.1 Data capture

Owing to the spatial nature of geographical information,
special techniques and devices are required to input data. As-
suming that the data is originally in an analog form, it must be
converted to a computer compatible or digital form. This is
normally done by manually tracing the paper analog map on
a digitizing tablet. In order to logically and efficiently access
this digitized data, it must be encoded in some form of index-
ing system that models geographic space. There are two
general types of vector models; unlinked or spaghetti models

- and topological models. The basic logical unit for both is the
line. A line is represented as a list or string of coordinates of
points along it. Closed areas or polygons are denoted by the
set of lines that define their boundaries. The unlinked vector
modelis the simplest, In this model each map entity is encoded
separately without referencing any of its neighboring entities.
Since spatial relationships are not encoded, spatial analysis is
expensive. The topological model consists of a planar graph
in which are represented the network of lines partitioning a
map. Line segments correspond to arcs in the graph and their
endpoints to nodes. Topological vector models naturally lend
themselves to use in relational databases making them an at-
tractive choice for implementation.

1.2.2 Data editing

The editing and/or management of non-spatial attribute
data in a GIS is straight forward and follows the scheme now
typically found in most database management systems
(DBMS). This scheme usually provides

(a) efficient data storage, retrieval, and update;

(b) non-redundant data;

(c) data independence, security and integrity.

Since spatial relationships in the topological model men-
tioned above need to be constructed and maintained, the edit-
ing of spatial data is a complex matter. Early attempts at
manually assembling map topology proved to be extremely
tedious and expensive. Computer editing is now the preferred
method of constructing map topology.
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1.2.3 Data analysis

Data manipulation typically needed by most users of GIS
include

(a) reclassification and/or aggregation of attribute data;

- (b) overlaying operations including union and intersec-
tion;

(c) measurement of area, perimeter, distance, connec-
tivity, neighborhood statistics, and direction;

(d) statistical analyses.

‘The first and in many ways the most rudimentary class of
analytical operations involves the reclassification of map at-
tribute data. A new map is created by assigning thematic
values to categories of an existing coverage. Reclassification
merely repackages existing information on a single coverage
and results in no new boundaries. It generally involves
boolean querying of spatial and/or attribute data. An example
of this is the creation of a crop suitability map from a soil map.
Various levels of suitability would be assigned to soil polygons
based on a particular crop’s soil requirements.

Overlay processes, on the other hand, involve two or more
maps and result in new boundaries. This class of operations
has been aptly characterized as ‘light table gymnastics’3 In-
tersecting a soil and land use map to create a coverage con-
taining both soil and land use, is an example of this class of
techniques. Each land use’s soil types and properties could be
derived from the new coverage.

Statistical analysis, usually in the form of tabular sum-
maries or listings, is a GIS operation whose concept is perhaps
the most easily understood. Calculations of frequencies,
averages, distributions, etc., etc. of spatial entities or their at-
tributes are regularly required by many GIS users. The fre-
quency of particular soil polygons, the distribution of pH along
a stream, and the average width of paved roads in an area are
some examples of this class of operations.

Statistical analysis, usually in the form of tabular sum-
maries or listings, is a GIS operation whose concept is perhaps
the most easily understood. Calculations of frequencies,
averages, distributions, etc., etc. of spatial entities or their at-
tributes are regularly required by many GIS users. The fre-
quency of particular soil polygons, the distribution of pH along
a stream, and the average width of paved roads in an area are
some examples of this class of operations.

35  Berry, J.K, 1987, Fundamental operations in computer-assisted map
analaysis. Int. Jour. Geographical Information Systems Vol: 1 #2 pp 119-136.
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1.2.4 Data output

The display of maps, graphs, and tabular information is
basic to all GIS. It is this presentation ability that most people
confuse with Computer Aided Drafting (CAD) systems. As
with other types of computerized systems, there are two main
forms of GIS data output: hardcopy and temporary display.
Hardcopy devices include pen plotters, electrostatic
printer/plotters, line printers, ink jet plotters, and color film
recorders. Temporary display devices are generally high
resolution, color CRTs.

2. GIS equipment and software used in this study

he GIS software used for this project was P’ARC/INFO.
The modules used were:

« Starter kit - initial digitization and data entry

« PP ARCEDIT- advanced editing

o P°OVERLAY- map intersection and sliver
elimination

+ PYINFO - tabular summaries and reporting

o PPARCPLOT - hardcopy map creation

» P°GRID - vectorize the raster Digital Elevation
Models

In addition to P°ARC/INFO, MicroDEM>® and a TDRI-
developed DEM system were used to create the DEM’s used
in this project. The economic crop suitability ratings used
during the final analysis were determined by using an expert
system, "Suitability_Expert"37, developed at TDRI for a pre-
vious project.

The hardware used during this project is outlined below:

36  Public domain DEM system available from Dr, Pster Guth, U.S. Naval
Academy.
37 Available from 'IDRI.
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- PC-AT compatible w/ 80287, EGA display
- 80 Mb hard disk

- 36"x48" digitizer

- A4 (12'x12") digitizer

- Local Area Network (LAN) card

- PC 386 compatible w/80387, VGA display
- 80 Mb hard disk

- Wide carriage dot matrix printer

- Local Area Network (LAN) card

- PC 386 compatible w/80387, VGA display
- 160 Mb hard disk (2 x 80)

- Al pen plotter

- Local Area Network (LAN) card

All of the above equipment were networked together
using standard ARCNET and Netware software (version
2.12).
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