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This report by Oranut Palsarnuchapong, Meteorologist, Thailand
Meteorological Department, describes agroclimatic assessment models developed for
ralnfed agriculture in Northeast Thailand. These models can be used to imple-
ment a reliable, timely, yet inexpensive weather-based information system in
Thalland. Weather analysis and climatic impact assessments can help decision
makers including managers, agronomists, economists, agricultural statisticlans,
agrometeorologists, and extension officials interpret and anticipate weather
impacts on the agricultural sector. Specifically, the system will continuously
monitor and assess the Impact of weather (drought, flooding, high winds, heat
stress, etc.) on agriculture. FEarly warning of potential crop failure due to
drought can be provided 30-60 days before crop harvest. This may represent a
3-6 month lead-time to develop strategles for Improving food security.
Agroclimatic/crop condition assessments can be provided during the crop growing
season. These represent additional tools to caomplement and supplement other
Information sources used by statisticlans and economists to forecast crop pro-
duction. Soll molsture estimates can be provided to the extension service.
These agroclimatic models also offer potential long-term econoric benefits
related to agricultural planning and rural development, e.g., minimizing climate
risk in land and water resource management.

Northeast Thalland was chosen for this pllot study because weather and cli-
mate are major factors that help determine potential crop productivity and year-
to-year varlations in agricultural production levels. Mlso, this proposed
weather assessment system complements ongoing or planned developmental projects
involving rainfed agriculture and secondary food crops. The proposed agrocli-
matic assessment system 1s ready to be tested and evaluated. After successful
testlng, the system can be expanded to include other regions in Thalland.

This work 1s the result of an intensive six week Orientation Program on
Agroclimatic Models and Climate Impact Assessment Technology. The program was
conducted in Columbia, Missouri, through the joint efforts of the MNAA/NESDIS
Assessment and Information Services Center (AISC) - Models Branch and the
Atmospheric Sclence Department, University of Missouri - Columbia. e project
was sponsored by the Agency for Internmational Development, Office of U.S.
Forelgn Disaster Assistance (AID/OFDA), Washington, D.C., as part of a NOAA/AID
effort to transfer agroclimatic assessment technology to Southeast Asia.
Individuals In these agencies making contributions to this study include:

Dr. Wayne L. Decker, Dr. Andres C. Ravelo, Dr. Atanas V. Todorov, Ken Wherry,
Judy Trujillo, Betty Whitmarsh and Jerry Wright of the University of Missouri -
Columbla; Dr. Clarence M. Sakamoto, Rita Terry aind Susan Conrad,
NOAA/NESDIS/AISC-Models Branch, Columbia Missouri; and Alan Hankins,
AID/ASIA/TR, Robert Ressegule, US/AID Mission Bangkok and Paul Krumpe, AID/OFDA.

We were privileged to work with Ms. Oranut Paisarnuchapong. She dedicated
herself to many extra hours of work in developing this study. Assistance from
officials In the Goverrment of Thailand is also appreciated, 1n particular, Mr.
Twee Montrivade, Deputy NG, and Mr. Visit Rasmidatta, Chlef, Agromet. Subdiv.,
Metecrological Department; and Mr. Rusmee Kasemap, Director, and Mr. Wisut
Wangworawut, Economist, Center for Agricultural Statistics, Ministry of
Agriculture and Cooperatives.
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' INTRODUCTION

« Thailand located in the heart of the Indochinese Peninsula, produces enoughj
fnod fbr 1ts population and 13 also a maJor source of world agricultural produc-fi
tion. Agriculture is important to the national econamy of Thailand; about o
percent of the total land area is devoted to growing crops and approximately 70 |
percent of the national labor force depends on agriculture. Rice production is -
the main agricultural activity, with about 62 percvent of crop land used for _
paddy and. 22 percent for other field crops. The importance of agf'iculture to .
the national economy is further ﬂlustrated by the large amount of foreign
currency earned by exporting rice, maize, cotton, kenaf, and other agricultural -
products. However, adverse climate and weather sometimes cause crop fallure and
a decline in production which affects the national economy and the prosperity of
the Thal population. One major goal of Thailand is to increase ine level of
agricultubal production while reducing | the losses due to anamalous climate. 'The
focus 1s on rainfed agriculture. Achleving tﬁis goal will contribute major
benefits to the economy of Thailand. | '

The success of cropping practices depends on weather and clima.te s soil pro-
perties and the genetic potential of the plant. These factors limit notential
yleld. Year-to-year variations in yleld are highly deter'mined by clima.te s pan—
ticularly with traditional cultural practices for t’ainfed cr'ops.‘ The climatic
hazards for crops are flooding and drought. Depending on severity, the effects
of flooding are usually location specific. However, severe drought impacts are
usually more widespread. Drought can lead, in extreme cases, to starvation,
long-range econamic dislocations and social disturbances. For example, the
disastrous drought of 1979 severely réduced 1979 crop pz'oduction levels relative

to those of 1978 for rice, cassava and sugarcane. As a result, 1980 agriculture



eprr"‘tjsk weredecreased bv abdut’5"lpé‘r'c‘:éhtvj'r'elat1\’/e to the pr'evioﬁs year. | 'Ihis
cr'bp'failuré f'educed f'or'eigri exchange earnings and complicated balance of trade
problems assoclated with the high cost of energy imports. The drought and the
increased demand for hydroelectric power (related to the cost of eneryizy imports)
| reduced water levels in reservoirs. This caused shortages in irrigation
supplies and much of the secondary rice crop in the Central Plain could not be
planted during early 1980.

This research focused on Northea.stk Thalland as a "pilot" study area because B
it 1is frequently susceptible to crop fallures due to flooding and drought. |
Moreover, because of the poverty of the farmers in this reglon, most crops are |
grown by traditional, rainfed cultural practices, 1.e., the farmers do not -
extensively irrigate or apply fertilizers, herbicides or pesticides. The
natural fertility of the soil has been decreased by the traditional practices
which have also caused soil erosion. Consequently, there 1s the need to
increase agricultural pr'oductibn and reduce climatic vulnerability. It is
suggested that the application of agroclimatic data and models can make impor-
tant contributions. |

The purpose of this research 1s to develop the scientific foundation for a
Climatic Impact Assessment Program in Northeast Thailand. Assessments are based
on agroclimatic models developed from historic climatic and agricultural data.
Assessments primarily focus on potential drought impact as related to short and
long~term economic planning needs. In the short-term, decadal or monthly
assessment reports on climatic impact can be used by policy decision makers,
econoric analysts, agricultural forecasters and extension officials to develop
strategles to mitigate potertial drought impact. These same agroclimatic models
can contribute to land and water resource management studies for long-term eco-
nomic benefits in agricultural planning -and rural development. The results of

this research can be used by people from various fields as follows:
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1) Early warning assessment reports on potenti al crop failure due to
: drought or flooding can be used by policy nakers and econcmic anal—
ysts to mitigate potential climatir' impact on food security and to
develop alternative strategles in economic planning. This early
warning can represent as much as a 3-6 month lead-time before the
| ".occurrence of economic impacts.
; 2) Crop condition assessments can be used by agricultural statisticians
and econamists to supplement and camplement other information .
‘sources (e.g., field reports, probability sampling, crop cutting and
market analysis) for forecasting crop production. For example, )
‘rellable crop condition information can be provided by about 30
days before the harvest begins | ' ‘ o

.':",""‘3) " Weather advisories and crop condition' reports c‘an‘ be used by exten-

L sion officlals as one source of information for making recamen-
dations to farmers on planting dates, irrigation scheduling, pest

| - management practices and/or fertilizer application.

) Agroclimatic tools (plant water stress estimates, crop uater
requirement and climatic risk ana.lysis) can contribute to land and
water resource nsnagement studies for ag;ricultural plarming and
rural development. T v’ FO

rIhis report 1s written to provide background and technical information for
those potentially Involved with agroclimatic modeling and preparing the |
assessments. Chapter II provides agroclimatic background infomation for the
Northeast i.e., the physical envirorment and agricultural practices. ’.T.he data
bases and methodology are discussed in Chapter III with some analytic results
discussed in Chapter IV. Crop modeling results and climatic limpact assessment
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procedures can be found in Chapters V and VI r'espectively. Recamendations for'
progr'am :lmplemen’cation and future wor'k are discussed in Chapter' VII. Chapter'
VIII provides concluding remarks. Substantial- data bases_ are provided in
various Appendices and Sipplements. | | R o

The goal 1s to provide users in goverrment ageneies }w;l.th ass_ess:nents
based on these models. Although asséSsruents must be thoroughly 'teSted ‘and eval-
‘uated under quasl-operational cenditions s this proposed climatic ‘ impact“
assessment program has the potential to provide reliable, timely, yet inexpen-
sive information. This information on climatic impact can be used as an addi-
tional Information source to camplement and supplement existing or planned
information sources used for economic planning and decision making.
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'AGEOCLIMATIC BACKGROUND FOR
NORTHEAST THAILAND

Physical Environment

1 Administrative Regions

'Ihe Northeast Region of Thailand 1is approximately located between 14 to
18°N latitude and 101 to 106°F longitude and has an area of 168,854 squar'e kilo-
meters (about 33 percent of the country). It is bounded by the Mekong River on
the nor'th a.nd east, and the Phancm Dongrak escarpment and San Kamphaeng moun-
tains on the south, and the Petchabun and Dong Phyayen ridge on the mst. o
According to the Office of Agricultural Economics, Ministry of Agriculture and
Cooperatives, the 16 provinces in the Northeast Region (Figure 2.1) can be o
classified into five agroeconomic zones (Table 2.1 and Figure 2.2). :

‘V'I"a'ble 2.1: Agroeconomic Zones in Northeast Thalland

i . o Zone TS ' Provinces

1 ; }N?im0n Phancm, Loei, Nong Khai,

; “*Sékhon Nakhon, Udon Thani
Ubon Ratchathani, Yasothon .
Kalasin, Knon Kaen, Rol Et, Meha Sarakham -
Burl Ram, Si Sa Ket, Surin o

Chailyaphum, Nakhon Ratchasima




NORTHEAST THAILAND
PROVINCES AND CITIES

)\ NAKHON PHANOM
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FIGURE 2.1 Provinces of Northeast Thailand and the Locatiit
Province Cities.




NORTHEAST THAILAND
AGROECONOMIC ZONES

FIGURE 2.2 Agroeconomic Zones of NOrtheast_:ﬂvThgiiénﬂ.f



; 8_’ =
Fbur of' these pr'ovinces ar-e of' special interest because r'ainfall
agr'icultural development work is likely in the f‘utuz'e. ) 'Ihey are: Cha:l_.yaphwn,
Si Sa Ket, Rol Et and Nakhon Phanam.
2. Physical Envirorment

Hortheast Thalland 1s mostly a lat'ge plateau rep;ion flanked to“ the west by

the Phetchabun Mountains and to the south’ by the Phancm Dongrak Mountains i
(Figure 2.3). Elevations r'ange fr'cm 800-1300 im on the west to 600-700 m on the,
south. A secondary mountain range, Phu Phan, separates the Khorat Plateau f‘rcm‘
the Sakhon Basin which includes Sakhon Nakhon, Nakhon Phanom, Mong Khai and Udor
Thani Provinces. The Sakhon Basin and the Khorat Plateau both slope gently to :
the Mekong River which ultimately drains Northeast Thailand. |
Two major rives, the Mun and the Chi, drain about 80 percent of the total
area. The Mun River originates near Nakhon Ratchasima and flows eastwards
through Ubon Ratchathani to the Mekong River. It drains the northein slopes of
the Phanom Dongrak Mountains. The Chi River drains the western portion of the
plain and most of the interior. It flows to the southeast wntil it reaches the‘
Num River near Ubon Ratchathani. The camhined drainage area of the two rivers -
is about 125,500 square kllometers. The northern ard eastern fringes of the
reglon are drained by several small rivers such as Nam Loeil, Nam Luang and Mae
Nam Songkhram. All of these rivers eventually flow into the Mekong River.
3. Climate | |
The climate of Thailand is affected by two major circulations: the south-
west and northeast monsoons. There are well-def‘ined r'ainy seasons and a tr'an-

sitional season as follows.
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NORTHEAST THAILAND
TOPOGRAPHY AND RIVERS

’ KHUAN NAMD
PHUNG (Dam)
KHUAN UBON e

RATANA
Dam)

AND PHETCHABUN

DONG PHAYEN
MOUNTAINS

2000m
B eoon
500m

PHANOM DONGRAK AND SAN XAMPHAENG
KOUNTAING

100m

FIGURE 2.3 Topography and Rivers in Northeast Thailand.
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1) Rainy Season

'Ihe length of the z'ainv season depends or: the duration- (onset to t'etr'eat) of
the southwest monsoon. 'Ihe onset begins appr'oximately in the middle of May |
The ralny season usually ends by the middle of October with the retreat of the »
monsoon. High humldity and rainfall are assoclated with the monsoon. Maximum 'y'v;
precipltation normally occurs in September (or August in the far nor'theast A
area). Abundant r'ainf'all is received from . troplcal depressions and stor'ms s par'-
ticularly during August-Octoher'_. .

2) Winter Season

The winter or cool season 1s detemined by the nor'theast monsoon which pr'e— o
vails from the middle of October' to the middle of Eebmar'y.i 'Ihe cool dr'y mon- o
soon winds are assoclated with the Siber'ian semi-per'manent hjgh pr'essure cell. |
There is very little rainfall during the winter and December' 1s the dr'iest '
month.

3) Sunmer- Season , | |

'Ihe duration of the sunmer' or hot season is about thz'ee months, fr'an the
middle of F‘ebmar'y to the middle of May. 'This is the per'iod of tr'ansition bet—
‘ween the nor'theast and southwest monsoons ’Ihe highest temper'at Jres usually
occur in April. ‘ BRI

The normals for climatic elements are shown 1n F‘igur'es 2.4-2.5 and Tables

2.2.-2.4., The mean annual rainfall in the Nor'theast ranges from about 1,075 mm

| at Chok Chai to 2,280 mm at Nakhon Phanom. Notably», ‘the mean annual rainfall
incneases from west to east in the r'egion.' Nakhon Phanom Province in the Sakhon
Basin receives about 2300 mm annual rainfall. The ‘dr'ier' provinces such as
.Chaiyaphum, Rol Et and S1 Sa Ket in the Khorat Plateau receive 1200, 1400 and
1500 mm annual rainfall, respectively. The annual rumber of rainy days at these
stations ranges from 54 days at Rurl Ram to 137 days at Makhon Phanom (Table 2.3).
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NORTHEAST THAILAN
RAINFALL DISTRIBUTION
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FIGURE 2.4 Mean Rainfail Distributions for West-Central Area (a) =
and Remainder of Northeast Thailand (b) Defined by e

1400mm Mean Annual Isohyet in Figure 2.5.
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NORTHEAST THAILAND

ANNUAL RAINFALL PATTERN
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FIGURE 2.5 Annual Rainfall Pattern of V,Norl:’heést Thailand
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Table 2.3: MEAN MONTHLY NUMSER OF RAINY DAYS (0.1MM) IN NORTHEAST THAILAND

8 0 N D pmm

NONG KHAT 1.8 2.4 h.8
Lo 15 3.0 57
UDON THANI 1.3 2.7

.5 0.6 122.3
2.7 0.8, 131.0

1. "'*’fg,'uo.é i 1372

NAKHON 12 .
: e
' _.fips.é‘;{'
107.3

MIKDAHAN 0.9 .
KHON KARN 1.1 2,
ROI ET 0.8

123.6

B s 12
119.5

SURIN 0.6
0.9 1T
.9 106.3

2 . 75.4

RATCHASIMA 1.2
CHATYAPHUM 1.0
KALASIN 0.5

S T3

SARAKHAM 0.5
YASOTHON 0.4

KHAM KHUAN e
KARO 6

2. 6.7

0.3
BURT RAM 0.3
SI SA KET 0.1

UTHUMPHON

PHISAI 0.2 o

CHATTURAT 0.6 | : 3 ‘57.0

kosum R REIRR
PHISAT '.’0'6. LT

NANG RONG 0.6 1.6 .

CHOK CHAT 1.0
THA UM 0.3 1.4 2,6 5.8 114 141 143, 15.5
PTHAISON 0.3 1. ’ g ‘i '1'13;-V11v_~i.;

5 78.9

2 ..,;;'1102.0
192.0
U 3.6




Table 2.4 CLIMATIC NORMALS (1951-1980) FOR REPRESENTATIVE STATIONS
_ BY AGROECONOMIC ZONE IN NORTHEAST THAILAND

ZONE STATION J F M A M J J A S 0 N D  ANNUAL

MEAN DAILY AIR TEMPERATURE (°C)

1 Udon Thari f‘ 21,7 24.2 27.2 29.1 28.5 28.1 27.7

; 26.1
‘2 Ubon Ratchathani 23,9 26.1 28.8 29.9 29.1 28.2 27.8° 8 27.0
3 .khon»Kaen .l!t;f[;jf{23.23 25.7 28.8 30.2 29.4 28.7 28.1 2 27,0

_;‘4,'_’5-5_? f‘-_f(Surin "~  243 26.6  29.2 30.0 29.1 284

}Si?¥;ﬂNakhon Ratchasima 22.9 25.7 28.1 20.0 28.4 28.1 27

MEAN MAXTMUM AIR TEMPERATURE (°C)

"fUdon Thani . 29.6 31.8 346 35.9 34.3 32.8 32 41

Ubon Rat:chat:hani 31.1 33.2 35.3 35.9 34.4 32.7 3 . :
‘3f  thhon Kaen. ”!fle f3o.5 32.7 35.4 36.5 34.8 13, 2"'PT
;4 ’“} sur1n jﬂf}ff}j7-55,{ 3.2 333 35.5 36.0 34.5 »33 23
5 Nakhon Racchasimaf’; $1.o:‘$3 5 35Q9 3.5 35.0 34.1° _33.

- MEAN MINIMUM AIR TEMPERATURE (°C) -

5 Udon Thani  ,;<:;15 1~;17;9:'21;3 23.8 24.5 24.8 2

2 *Ubon Ratchathani f;ﬂk' .2 22.3 24,2 24,6 24,4

” 3 ' Khon Kaen

0-°18.8 22. 1f»24£2A*24;77_24f5i~,f§;*fbnﬁ“j ”ﬂ“Wf:T
4 Surin .f:'5~?i; 7'f15§6*f19§i‘{22;077é3.7~*24;1}523;9ffi:i if

5  Nakhon Ratchasima  16.2 19.3 22.0 23.5 24.0 23.9 23,

ST



‘Table 2.4%

CLIMATIC NORMALS (1951-1980) FOR REPRESENTATIVE STATIONS

BY AGROECONOMIC ZONE IN NORTHEAST THAILAND. (cont.)

ZONE

. STATION- ~ = .

M A M J J A s 00

{’QUdon Thani '
ﬁ;;Ubon Ratchathani
jfﬁthon Kaen
'<fiSurin TJ';

. Nakhon Ratchasima

;Udonliﬁani'

Ubon': Ratchathani P

Khon Kaen

Surin

Nakhon Ratchasima: -

Udon Thani

-~~~ Ubon Ratchath?ni :

Khon Kaen
Surin

Nakhon Ratchasima

64f°‘
66.0
 63.0

 65.0

67.0

62.0

64.0

62.0

65.0

MEAN RELATIVE HUMIDITY (%)

62.0

60.0 63.0 73.0 79.0 ,79.6125Q”Jf,-~*’~”
60.0 63.0 72.0 - 76.0 “¥77;6E*?f;tﬂ
62.0 66.0 75.0 79.0 80.0  82.0

65.0 68.0 76.0 76.0 77. 0

MEAN DAILY AND TOTAL ANNUAL CLASS ‘A PAN EVAPORATION (MM)

5.8

_:5.‘2;

6.4

4.7

272.0

215, 3;;

268 8

283.0

6.4
6.0

'6;6

233 0

.242 8

246.2

244.7

5.4

7MEAN SUNSHINE DURATION (HR)

NO OBSERVATION
7.1 7.1 6.2 5.6 5.5 5.0 4.6
7.0 7.5 6.6 5.6 5.5 49 4.6

6.2 6.5 5.9 5, 3;,_'5 4ﬁ;: ‘

-2435;*,255;9_[247.2 196.9 183.5 162.3

NO OBSERVATTON 7

5.1 2547 237.0 192.3 193.9 160.3 160

255.6 238.0 230.2 145.5 189.5 171.9 177.0 243.4 253:4

248.4 245.3 244.5 207.4 194.7 185.8 166.1 k225.0 258.6

:8  2155.4
5.2 2083.9

2226.9

l;fhd 1915.5

329 ; 2697.’4

.1 2755.8

2692.9

2780.6

9T



Table 2.4:

CLIMATIZ NORMALS (1951-1980) FOR REPRESENTATIVE STATIONS
BY AGROECONOMIC ZONE IN NORTHEAST THAILAND (cont.)

IRV IR R RN

. ZOGNE____J STATION 3 _F W __A W ___J
MEAN WIND SPEED (KNOTS)
Udon Thani 2.7 3. 3.2 3.4 3.2 3.0 -

Ubon Ratchathani =
Khon Kaen

Surin

Nakhon Ratchasima - .

4.3 3.8 3.6 3.6 3.6 4.2
3.2 3.0 3.5 3.7 3.6 3.9 -

0 3.1 3.2 3.2 3.5 3.5 3.2 2
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Thé}aéiiy méén air temperature i1s lowest in December and highest in B
ApriiQ’;The mean minimm temperature 1s‘about 16-18¢°C whilé the mean maximum
temperature 1is about 29-30°C. The mean relative humidity shown in Mable 2.4
reaches a minimum of about 60 percent in March and rises to a maximum of about
8Y4 percent in September. The annual pan evaporation (class A) rénges from about
1,900-2,200 mm with the highest and_lowest daily mean rates in March/April and
September, respectively. The annual sunshine duration ranges from about
2,700-2,800 hours with the highest monthly mean occurring in December/January
and the lowest 1n August/September. The mean wind speed ranges frdn 2.4-6.1 knots.

4y, Soils and Natural Vegetation

The solls of the Northeast have been stud;§d by;the‘Soii~8ﬁf0éy bivision,
Department of Land Development. The soi;§ éﬁ§€§i£féEenfiéted aéébrdiné to soil-

landscape relationships as follows:

1) Soils on flood plains consist of very deep soilé develoned froam
recent alluvium. These soils are poorly drained’with”fine tgxture
and are located aléng the riﬁer flood plains. iheyfare uséd;f6r -
rice cultiVation.

2) Soils on low natural terraces are somewhat pborly~dﬁaiﬁé&?éh§lérei;f
extensively used for rice cultivation. |

3) Soils on middle-high natural terraces are well drained and are'géédj

for upland crop production or remain as forest areas.

4) Soils on eroded surfaces are for the most part located in the

southern and western areas of the Northeast and are used for upland
rice and other crop cultivation or remain covered by natural
forests.

5) Soils on hilly areas are quite variable In their diagnostic proper-

ties and classification Charaétgristics. :
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Soils Anformation from several experimental stations in the Northeast is
shown in.Table 2.5. The available moisture storage capacity ranges from
60-15mnn of water in the upper meter of soll. Additionally, most of the soils i
this region are sandy, have low fertility and are not well suited for culti-
vation,‘_‘

Natural Vegetation

About 50 percent of the area in the Novtheast is covered by natural vegeta-
tion. Tropical evergreen forests are found along the mountain ranges in the
west and south (Figure 2.6). Small areas with coniferous forest are located in
the northwestern and southeastern areas. Three-fourths of the nacural vegeta-
tion is broadleaved, deciduous forest which is located mostly along the northern
and eastern boundaries with small areas sparsely distributed in the central
areas of the region. The remaining areas are used for agriculture land.

B. Agricultural Practices

1. Agriculture and National Fconomy

The economy of Thailand is dominated by the agricultural sector which
contributes more than 70 percent to the total value of exports. About 40 per-
cent of the total land area in Thailand is used for agriculture. Approximately
70 percent of the national labor force works in agriculture. About 60 percent
'of the cropland is devoted to paddy and 22 percent to field crops.

About 34 percent of the nation's population 1ive in the Northeast and
approximately 60 percent of the people in the region engage in agriculture.
Thus, agriculture is the major econumic sector. Although the Northeast has the
largest agricultural land holdings (about 42 percent of the country), modern
technology and mechanization are at a comparatively low level. The average
farmer's income 1s quite poor and traditional cultural practices are used. For

example, only 13 percent of the cropland in this region is under irrigation.



‘Table 2.5: SOIL INFORMATION FOR INDICATED AREASH

TOTAL
S AVATLABLE
IOCATION . SOIL CLASSIFICATION MOISTURE STORAGE

(mm)

AVERAGF,

MEAN BULK
DENSITY

(upper meter of soil) (upper meter of soil)
(grams/cm cubed)

Knon Kaen'

Ubon Ratchathant

_,Ubon Rice Exp. s1:n Low Humic Grev Soil

RtBt

_ Fxp. Stn.

Tha Phra “Gray Podzolic Soil 85.3

Khon Kaen Field Red Yellow Iatosol G 1109 :

Surin Hovticulture Gr-ay Podzolic Scil J;i
Exp. Stn. S

Surin Rice EXp, L IOHl.xmic GreySou

Ubon Field Crop GP&V PodzolicSOIl

e :Roi Ft Feld Crop Gvay Podzolic Soil Spdns
' f-}_k{vap. Stn.’ B

' Nakhon Ratchasima . Pak Chong Reddish Bmwn Later-itic 616

- Soil

164
_;;541 48"

. *Optained from Data Book o Physical ‘Iré:ropemes or -Upiand]Sbilféfsm Thatland (1979)

0T -
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FIGURE 2.6 Land Use and Vegetation Map of Northeast Thailand.
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This means that crop yield and production are highly dependent on the weather.
The limiting meteorological factor for crops is rainfall which must be distri-
buted adequately during the growing season for high agricultural productivity.
Thus, rainfall is a good indicator of crop productivitv- '

2. Cultural Practices

Traditional cultural practices are still used in the region.*fvery 1itt1e

modern farm technology has been introduced. Because the areas under irrigation
are'small, crops are generally grown in non-irrigated fields during the ralny
season. Paddy flelds are puddled and then plowed in preparation for planting.
Fields for other crops are only plowed. Field preparatioris begin after the
first rains soften the soil. Irrigated rice is sown in special nurseries. When
the plants reach about 15-20 cm in height, they are transplanted into the per-
manent filelds. Rainfed rice, as well as all other crops, are sown directly into
the fields. -

3. Crop Season, Reglons and Calendars

The major growlng season coincides with the rainy season, approximately May
to October. The major planting occurs after the begimning of the rainy season.
However, planting is delayed in some years by the late arrival of the rains.
Thus, the success of any growing season depends on the timely beginning of the
rainy season as well as the amount and distribution of rainfall during the
growing season. Although the water requirement for each phenologleal stage of a
crop must be met, the demand for water during flowering and reproduction stages
ia particularly critical.

Crops are distributed in the region according to the climatic condition and
soll quality. Rice is a major crop and is grown in all provinces. Other widely

distributed crops include cassava, groundnuts and kenaf. Some crops are grown



only in rarticular provinces,;e‘g., maize and sorghum. Table 2 6 shows the total'

planted area of each crop during 1980/1981 for each provinc 1 Nbrtheast

Thailand. Table 2. 7 shows the relative 1mportance of each cropvuithin each pro-ri
vince according to the percentage contribution made to total planted area in the
province for all crops. In contrast, Table 2.8 shows how the regional planted |
area for the individual crops is distributed among che provinces. Flgures.
2.7a=b also illustrate the distribution of crops throughout the Northeast.

In Chalyaphum Province, kenaf is the most widespread crop and accounts for |
about 18 percent of the regional planted area. In Si Sa Ket Province three
crops prevall including rice and maize. Fach accounts for about 6.5 and 4 per-
cent of the regional planted area. In Roi Et Province, rice is the main crop
and occuples about 9 percent of the regional planted area. Nakhon Phanam
Province has two major crops, rice and sugarcane, which occupy about 4y and,S‘
percent of their regional planted areas, respectively. | | =

Crop calendars for the Northeast and each agroecondnic?acne'ahefahcwn;in
Table 2.9. S e

4, Technology Changes Lt |

Modern agricultural technology is gradually‘heing introduced‘intc~the’l
Northeast. For example, irrigation has increased to 13 percent of the total
irrigated area within Thailand. However, it is still inadequate to meet the
needs in the Northeast. Rainfed agriculture is dominant. | o

Several crop varieties are being released which are droughtfcrpfloodjl
resistant, have a high ylelding potential or exhibit good fertilizer,responé
siveness. For example, at least ten varieties of rice have been released by
experiment stations, but only two varieties are widely grown: KXhao Dawk Mali
105 (KDML) and Niaw San Patong (NSPT). Both varieties have a good grain quality
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Table 2.6: PLANTED AREA (RAI) DURING 1980/81 FOR VARIOUS AGRICULTURAL o

CROPS IN THE PROVINCES OF NORTHEAST THATLAND o

WP MAJOR GROUND MUNG SUGAR SoY TOfAL

PROVINCE RICE CASSAVA NUTS MAIZE ___ BEAN CANE BEANS ORG (4] EA_
Nakhon Phanom 1,119,615 104,420 3,773 - - 13,694 - - 12,558 263 1,254,323
Sakbon NaMhon 1,620,694 119,883 8,086 - 175 1,456 - = 11,762 7,976 1,770,032
Nong Khai 905,442 339,504 2,921 - | 207 397 - - 4,409 7,067 1,259,947

" Udon Thant 2,630,497 308,939 4,474 230,907 2,224 165,667 14 < 110,795 2,005 3,455,502
 loet ' '588;636.fi7*is,539‘ 7,200 814,691 §24.§§71 ’ 5;314f;;2;554? “ “L5;;i;219 77,369 1,374,700
~Ub§n.R$;cﬁatﬁéﬁi' 3.439;76j1' 47,199 5,251 41,28 - . - ki3§'443 7,779 3,671,737
Yasethon 986,211 55,558 1,99 - X 1,093,200
Roi Et 2,472,082 150,310 6,942 - 2,646,726
Kalasin 1,046,481 378,376 11,240 - ~"fi;49§.365
Maha Sarakhem 1,527,066 252,173 1,019 - - :'CL.sas.oaz
Khon Kaen 1,968,014 380,784 2,835 59;7521_‘;11" o 2,610,129
Si Sa Ket 1,721,098 54,267 6,110 111,227 . 1. 1,905,247
Surin 2,448,030 63,280 12,835 - 2,609,135
Buri Ram 2,462,552 281,390 21,723 69,712 401 2,926,443
Nakhon Ratchasima 2,059,111 1,670,823 .- 785,525 18,620 47  £6;636’760;403 4,724,658
Chaiyaphum 1,428,975 299,370 9,409 158,890 25,698 1,317 - 167,958 203 2,091,820
iqca1 Area 28,223,731 ‘ﬁ;#3@;§i$ﬁ_15%;310 2,267,002 87,574 '294;655: 3s;éi3ff36;15??f~ }154;651



Table 2.7: THE PERCENTAGE CONTRIBUTION QF FACH CROP TO THE TOTAL CROP AREA
DURING 1980/81 IN EACH PROVINCE OF NORTHEAST THAILAND.

_PERCENTAS

w - MAJOR GROUND MUNG  SUGAR soY - ' — . — -rorrAL :
PROVINCE' RICE CASSAVA_ NUTS _ MAIZE  BEAN CANE  BEANS _soRGHuM KENAF_COTTON
Nakhon Phanom 89.26 8.33  0.30 - - 1.09 - -Af.:?‘--':f;;j'-.lidb~ © 0.02 100
Sakion Nakhorr 91.56 6.77  0.46 - 0.01  0.08 - - | 10,67 0.45 100
Nong Khai 7186 26.95 0.23 - 0.2 0.03 - oss o

100
Udon Theni 7612 8.9 013 668 10.06 480 '1’o_q
Loei 28.23- 206 052 59.26 181039 " . 106
Ubon Ratchathani' 93:68°  1.29  0.14 B T T 100

— 9021 s o e - 005 oL
Roi Et ' 9340 5.68  0.26 . R Y o '
_Kalasin L 69.79 2524 05 o 2.
Maha Sarakhap '*»8?;?2~‘  13.66 ‘0}06f
Khon Kaen _ '75§§b5 1459 .0;11

$1 Sa Ket 190.33 2.85 . 0.32

Surin ’ 93:83’
Buri Ram 84,15
‘Nakhon Rautbaaimh ;ﬁﬁéﬁa;"

Chaiyaphum -  :68:3i; 

&2



- Table 2.8:
THAILAND 'S TOTAL PLANTED AREA FOR THE INDICATED CROPS IN 1980/81

PERCENTAGE CONTRIBUTION OF CROP” AREA IN EACH PROVINCE 10 NORTHEAST

' “CROP
PROVINCE \_ -

MAJOR
RICE

CASSAVA NUTS

GROUND MUNG
MAIZE

SUGAR S0Y

BEAN. CANE BEANS SORGHUM

Nakhon Phanbm
Sakhon Nakhon
Nong Khai

Udon Thani

Loel

Ubon Ratéﬁatkgﬁi%
Yasothoh-

‘Rol Et
Kalasin \
‘r'HaBa Sarakhem
‘KhonAKaen,
7-131~Sa Ket

- Surin

Buri Ram5, i‘

Nakhon Ra£¢h§si¢a,§

Chaiyaphuﬁ” =

3.97
5 l74

3.21

. 9.32

12,19

| ;{;5}497,:‘

&6

'53-?i ff
5.41 .
6;975

6.10

8.67.

. 8.73

S .5.06

749 193 o
68l 2,96

Los
1 fi;?§H
?'33;§ifff_ 48

e
7.30

6,60

2.30 2.49 - - 4.66
2.64 5.3 - 0.20  0.49
. 0.24  0.13

2.5 56.34

062 476 35,94 2845 L8l

- 019 -

':x:f;i i;,.  ‘ 0.03  :"“

11.45 .

5.56 . 0.67 .

8.40  1.87. . 2.41

: 1'20‘;1"49Q4%:;?51”x

1.40

©36.85 30

. Total Percem:age-i

'f7id0k’:

LS



.27,

CASSAVA

RICE

MAIZE

GROUNDNUTS

MUNG BEAN

Note: A dot means less

than one half of one percent.

A dash means the crop is not

grown in the province.

\

\l'l-l\- -y

~\\

FIGURE 2.7a The Percentage Contribution of Each Province to Northeast

Thailand's Total Planted Area for the Indicated Crop in 1980/81.
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SOYBEAN

SUGARCANE

Paniial TP R

s\\

-

KENAF

SORGHUM

COTTON

Note: A dot means less

than one half of one percent.

A dash means the crop is not

grown in the province.

Each Province to Northeast:

'f,FIGURE'2.7b The Percentage Contribution of

Thailands's Total Planted Area for the Indicated Crop in 1980/81



Table 2.9 Crop Calendars: Average For The Northeast Region
And For Each Agroeconomic Zone Within The Region

CROP J F M A M J J A S 0 N D

REGION

fNEvRegion

Rice /1] b L 0000
Maize //// v//// | 0000 oogqiqqé,ﬁ
Cotton RNy /774 S

Kenaf

Sorghum
(Cassava

Rice
Maize
Cotton
Kenaf P
Ground Muts
MungyBean:‘df:V R
Sugarcane”-"'fﬁ»

‘Kenaf

Rice
Maize
Cotton

‘Kenaf'

Grbundiuté?fﬁ Qi,,j
Rice - LR R R I
Maize ivf B
Cotton 0000

0000 -

NOTES:  //// planting

‘OObOkHAEVéS€iﬁé‘T “;: o 'tfahSplanting’

0¢



- Table 2.9 Crop Calendars Continued:

~ REGION

CROP

 F - M

A

M

J J A

?Zone 3

Ground Nuts

Mung Bean
Sugarcane

1777/

/77/ ‘”,,.A

Zonet

Rice
Maize
Cotton
Kenaf

o000

Ground Nuts =~ .

Mung Bean . oo o

////

/7//

Rice
Maize
Cotton
Kenaf

Ground Nuts _

Mung Bean
Sugarcane
Sorghum
Cassava
Castor Bean
Soy Bean
Jute

;.////; S

e I f ;
oooo ////?f?
A
1';,;f;;;;1/74/’-_1

/ZZ/
/A//

0000

»////kplanting

0000

harvesting

L /7//

transplanting

0E
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and are somewhat dr'ought r'esistant ‘but have a poor' r'esponse to f‘ertilizer' and
are susceptible to disease and insecf' infestations. |
In recent years, the use of‘ f‘er'tilizer's, Insecticides and pesticides has
gradually increased. TFor example, fertllizer usage expressed as a percent of -
usage for the whole countr'y slowly Increased fram 22 to 24 percent during the
period 1976-1979. |
5. Climatic Vulnerability

Due to the orientation of the mountain ranges and the great distance from

the sea, the Northeast 1s not influenced by the warm, moist maritime air as are 3

the other regions in Thailand. Precipitation is usually low and irregular.
Moreover, most of the soils have low fertility and a low avallable moisture
storage capacity. Consequently, the water available in the soil to meet crop
needs 1s usually Inadequate. Soil erosion has become a major problem and has
probably increased drought vulnerability by reducing the soil depth and e
decreasing the soil water holding capacity.

The Northeast frequently experiences drought and flooding problems. In the
sumer, the weather 1s seasonally hot and dry. In the rainy season, ther'e are
usually drought or flooding problems. F‘lash‘ ﬂmds occur due to heavy monsoon
rains and tf'opical depressions. In the winter, the weather 1s dry and some-
times very cold due to the Influence of the northeast monsoon and the Siberian

anti-cyclone.



CHAPI"ER III
NEIHODOIDGY AND ANALY'T‘IC ‘IOOLS

; A Data Sources
| 1. Meteorological Data
'Ihe meteorological data used in this study wer'e obtain fr'cm var'ious types
of stacions located in Northeast 'Ihailand as’ shown in '“Figures ? 1-3 2 and Tables
3. l—3 2. These stations include: O R |
Synoptic stations: Monthly r'ainfall and temperature data (1951-1980)

were used from 12 stations (Figure 3.1 and Table 3.1). In addition, climatolo-
glcal normals were available from the base period 1951-1980. The monthly nor-
mals data include the mean of the maximm temperature, minimum temperature, dew
point temperature, wind speed, sunshine duration, rélativé humidity, precip-
itation and U.S. Class A Pan evaporation. -
Rainfall and hydro-meteorological stations: Monthly rainfall data were

available at 13 additional stations (with different record lengths) as indicated
in Table 3.2 and Figure 3.2.
Agrometeorological stations: Monthly meteorological data obtained from

~ . three stations were used to investigate methods for estimating potential evapo-
transpiration and soil moisture. The available data included precipitation,
mean maximum and minimum temperatures, U.S. Clags A Pan evaporation, wind speed
-and sunshine duration. The locations of the three additional agrometeorologlcal
"stations are also shown in Figure 3.2.

. 2. Agricultural Data |

Although rice i1s the major crop grown in Nor'theast 'Iha.iland, many other
‘A‘r'ainf'ed crops are also extenslvely grown as shown in F‘.lghres 2.7Ta=b. 'T™e anmal

L »vnational, reglonal and provincial agricultural data (acreage, production and

yield) of‘ the cr'ops were available but with diff‘er'ent record lengths as shown in
:"77:“..‘- "A""r'ables 3. 3a—b. |
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NORTHEAST THAILAND
CLIMATOLOGICAL STATION NORMALS

- --

. SAKHON
-, NAKHON
A

NAKHON '
RATCHASIMA .
: {,’.?‘»‘,'fs“rqhiyuk\‘} =8

FISURE 3.1 The Synoptic Stations in Nort:lie‘as't‘?‘-.T!jéil’a,ﬁd"“




NORTHEAST THAILAND
METEOROLOGICAL DATA

JABOTHON
OoKHAM KHUAN K
’

. Ul NAKHON
- [_] AGROMETEOROLOGICAL STATION | RATCHASIMA

 SYNOPTIC STATION
~ RAINFALL STATION

== AGROECONOMIC ZONE BOUNDARY

FIGURE 3.2 Synoptic, Rainfall and Asroeconcmic Statinne 4n Narthaaor Thaijand

7t
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Table 3.1: INFORMATION ON'SYNOPTIC STATIONS'IN NORTHEAST THAILAND

i, ELEVATION RECORD
‘LONGITUDE . (m) PERTOD

STATION

Nong Khai: 52" N 174.00  1965-79

Loet ‘17%27' 0 10 25252 1954-80.

Udon Thani 1%y 176.98 195180

Nakhon Phamom  17° 25 140.00° . 1953-80

Sakhon Nakhon 17 09' : 171.00 1951-80

Mukdahan 16032 195180

hon Kaen . 16%26'  102° 63 Issi80
LB 160030 10° 40 140,00 195180

Ubon Ratchathani ~ © -15° 15"  104° 52' 123.00  1951-80

e SN o e 103° 30' '146.00  1951-80°
Nakhon Ratchasima .~ 14°'58'  102° 05'  187.00  1951-80

Chaiyaphum ' 15°48'  102° 02' 182,00 . 1957-80.



- Table 3.2 Period of Record" for'
0N .~]aAgro-Meteor016gical§S

e

Rainfall Station .

Hydro-Meteorological

Statiop

Agro-Meteorological

36

 STATION =

" Kalasin

Maha Sarakham
Yasothon

Kham Khuan Kaeo
Bumi Ram

S1i Sa Ket
Uthumphon Phisai

Chattural :
Kosum Phisai
Nang Rong
Chiok Chai

Tha Tum
Phuttaisong

Surin S

‘Tha Phra Khon;Kﬁéﬁ”f

Sakhon Nakhon' '

Rainfall, Hydro-Meteorological and’ -
tations in Northeast Thailand ' .

*. PERIOD OF

. RECORD

' 1952-1980

1952-1980

1952-1975

1952-1980

1952-1977, 1980
1952-1970, 1973-1976
1953-1967, 1970-1980

1957-1980
1956-1980
1956-1980
1956-1980
1956~1980 '
1956-1978, 1980

1967-1981

1 1967-1981
19671981



PROVINCE

Table 3.3a

NORTHFAST THAILAND CROP YIELD DATA INVENTORY

.- MAIN RICE MAIZE

CASSAVA SUGARCANT MUNGBEAM SORGHUM SOYRFANS GROUNDNUTS COETON ;].KENAF} _'

(PERIOD OF

RECORD)

NAKHON
PRANOM

1978-79

1973-74

NONG
KHAI

197310

1973-79

1973-79 __1973-78

1977

_1974-78

1073-79

UDON
THANT

1976479

- 1973-79

197579

1975-79

1973-79

1973-79 1973-T9 _ 1973-T9

107579 1o7ucre

- 1973-79

1973-79 197379 "

1973l76€é

LOEL

1973-79

_1973-79

1973-79

197379 1973-79. 197379

YASOTHON

1976-79 - 1973-79 _

1975-79

1973-79 _ 1973-79 1973-79

UBON

RATCHATHANI

_ 197379

1975-77_

1975-79

97378

1977

107379197379 197379

KALASIN

' 1973-79

1973-79

1975-76

1973-79 -

1973-79

o 1o73-Th

KHON
KAEN

1973-79

1975-79

1973-79

1976-79 1973-79

197475

E 1973;711 'i‘

1973-79

1973-79 _ 1973-79 1973-19

1973-79 - 1973-77 197319

MAHA
SARAKHAM

1973-79

1978

1973-79

. ROI FT

1973-79

1975-78

— 1973-74

1975;79'u"1973;76

_a9Th

1973-78  1973-75  1973-79

1973-79

1073-79  1073-77 1973-79

Le



Table 3.3b NORTHFAST THAILAND CROP YIFLD DATA INVENTORY

MAIN RICE MAIZE CASSAVA SUGARCANE MUNGRFAN SORGHUM SOYBEANS GROUNDNUTS COTTON _ KFNAF -

(PERIOD OF RECORD)

197379 197579 197379 197379 197378 1979 9775 1973-79 197377 197379

1973479 197379 197374

1973-79. ~_;i973+7§;f;1’_,‘ 197477 1973-T9. ?i9754i§1

107879 197 197319

197319 197379 1973in 1076 Wz

.,' w
-

197379 197319 157376 1976

= 197579 197379 107679 197379 — 9

NORTHFAST  1068-81 1967-81 1973-81 1967-8i — = 106081 1975-81

NOTE: Acreage, Production and YieldDataare also avallable at the reglonal level: (Nor'theast, S
.~ North, Fast, Central and South) for the years 1962/63-1976/77. , S R


http:IHAIL.MD

}‘39ﬂf

Different crop varieties are used throughout the region according to local
environment and climate., Some varieties are drought resistent while others are
somewhat responsive to fertilizer. Some important crop varieties are shown in
Table3ll R | | |

The amount of fertilizer applied has gradually Increased at national and

regional levels. The only available data for Northeast Thailard are for t fiim
years 1976, 1978 and 1979. Table. 3 5 shows that regional fertilizer usage has ‘
slightly increased during the four year periods. However, most of the fer-
tilizer was applied on rice, the main crop in Northeast Thailand.

3. Episodic Events

Selected epilsodic events occurring in rrhailand are shown in Tables 3. 6a~h.
These events include both weather and non-weather impacts on agriculture such as
pest damages. Both drought and flooding can seriously affect crop production.
Drought during the critical flowering or reproduction stage of the crop is quite
harmful. Weather impact due to flooding usually occurs during heavy monsoon
rains and tropical depressions.

Sometimes weather Indirectly affects the crop by creating favorable environf
mental conditions for both pest and plant disease outbreaks. ': |

vThese eplsodic event data can be qualitatively used In statistical crop
yileld modeling to determine possible reasons for fluctuations in crop yield or}
production data. FEpisodic event data can also be used to select and interpret
agroclimatic Indices such as the Palmer Drought Index (PDI),gYield Molsture
Index (YMI). and Generalized Monsoon Index (GMI). |



40

_"Tai_l;"lef: 3.4 Crop .EvJVa‘r:l.ét‘:‘ies".‘U’s’eld';: in Northeast Thailand S

CROP | VARIETIES"

 Rice R

w7
RD9
Niaw San Pator

Khao Dawk Mali
Suwan 1

Ra yo ng 1 v .

‘I‘.a't:efj_He‘gar.:i_

Ton Khigw

- Khiew Yai .

. Non Sung 1

Sri | Samfohg 3

Tak F:‘;‘;; 1



Table 3.5: FERTILIZER (METRIC TONS) USED FOR CROPS IN NORTHEAST THAILAND
IN THE YEARS 1976, 1978 AND 1979

METRIC TONS AND PERCENT OF FERTILIZER USED IN

PERCENT OF FERTILIZER — NORTHEAST THAILAND ;
YEAR USED (NATIONAL LEVEL) PADDY _OTHER CROPS __ VEGETABLES
3T
1976 21.6 ; 113,212 23,054
& (79%) (162)
1978 22,6 147,060 22,568
S CLas (83%) . (13%)
1979 . 2.3 167,523 16,941

(872) (9%)

S DATA'VSOURCE‘:' Division of Agr:lculture Economics, Min:lstry"uof Agriculture and Co-operat:lvesi:._

9
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TABLE 3.6a: EPISODIC EVENT DATA FOR THAILAND

" Year

Month

Episodic Event

1952-53

1954-55

1957-58.

1§5§f -

1195859

1960

196364
1964

The outlook for crops is not favorable. Early drought
was followed by very heavy rains and the crop is
anticipated to be some 300,000 tons less than the
preceding one.

The crops began poorly due to drought which was reportec
to have been particularly severe in Northern and
Northeastern Thailand. Commodity reports on rice
subsequently reported a decline in Thailand's rice
production due to drought.

The largest fluctuations took place in Burma and
Thailand where crops were more than three million

tons less than the previous year and well below average.
Thalland's exports in 1958 were the smallest since 1954,
reflecting the exceptionally poor crop.

Thailand was badly affected by the drought. The crop
was officlally estimated at only 5.7 million tons
against the bumper 8.2 million tons produced in the pre-
ceding year. :

In Thailand, the rice was affected by low rainfall late
in the season. The crop was slightly below the average
of 7.2 million tons.

This was a record year for Thailand's crops.

~ Favorable weather conditions led to a record crop.

Excellent weather resulted in a bumper harvest in 1964.

While production of most of the major commodities
increased, heavy floods occurred over some of the major
rice growing regions of the country and caused paddy
production to decline during 1964; about 5.2% below the
1963 figure.

Mote: This conflicts with above reports.
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TABLF. 3.6b: EPISODIC EVENT DATA FOR THAILAND

" Fpisodic Event

Weather conditions remained favorable. It 1s'uh11ke1y |
that Thailand will suffer fram any rice shortage eitherxa
for damestic consumption or exports. F&

-1§66f There is a drought in the main growing areas of the
R - Northeast.

Crops were affected by pests and wind.

1967-68 . - The Northern and Northeastern parts of the country suf-

B fered a severe drought during the summer and it was
thought that rice production might be down as much as
15%. There were good rains in September and October
and there was a recovery in crops which were replanted.
There was subsequently, however, a shortage of irriga-
tion water for rice farmers in the Central Plain.
Average rice ylelds remain very low and the drought
caused a drop in exports of rice and maize during the
year and a rise in the domestic price of rice.

1968-69: In Thailand, the crop had been reported as growing well
S and a near record output was predicted. Following
drought and insect damage, however, the production is
now expected to be not more than 11.2 million tons of
paddy, and may even be less. It 1s also reported that
the milling quality of the new crop is poor, the yleld
of white rice belng U4-5% below normal.

1972° Drought reduced agricultural output in most
o countries in the Far Fast and Oceania during 1972.
India, Thailand and Australia showed the largest

: o decreases.
1974 My Crop conditions are above average and are early. The
o i+~ harvest and rain are normal. Good rice and malze crops
are expected. :

June was dry.

In the Northeast, there were heavy rains in May and
April. These helped early rice and other crop plan-

‘tings.




44

'I‘ABLE36c FPISODIC EVENT DATA FOR. THAILAND

:Episodic Event

Year' Month
Sep B Normal conditions 'eicist'.' ’
1975 . Jan January was normal, but the rice crop was damaged by
SRR floods In the Souther'n Reglon.
The weather system during the period fram Jan 3 to 8,
1975 produced one of the wettest northeast monsoons
ever recorded In the country and caused widespread
: floods over southern Thailand.
Feb : A record rice crop was harvested.
Dec There was slight damage to the r'ice crop due to
| 1_9;‘7‘6;}7.' The 1976 main rice crop was 4% less tha.n 1975. o
 Jan Farly plantings and good crop conditions bmught about
o a record rice crop.
_ ,Feb‘ Crcp conditions were good and plantings were early.
‘ Apt'? Light showers iIn March in the Central Plains favored
spring planting. The harvest of 1975/1976 mailn rice
crop 1s campleted. A large secondary rice crop was
planted. The 1976 main rice production was 4% below
1975 because of drought.
| Jun A drought affects the maize and rice crop outlook.
& Aug Rains interrupted previous dry spe.Ll and are bene-
RO fitting maize and rice crops.
Sep " Rains relieved crop stress.
Flooding 1is reported.
Dec Harvesting of the main season rice crop is underway.

The northeast monsoon is active over the gulf of
Thailand and the south is receiving scattered showers.

There are floods in the south.


http:TABLE,3.6c
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/TABLE 3.6d: EPISODIC EVENT DATA FOR-THATLAND

Yeabwa~;ff M6nth Episodic Fvent

1977

o7

Nov

Oct

- Jan

The drought affected about 15% of the total rice area
In the country. The 7 provinces hardest hit were in
the North, Northeast and the Central Regions. ‘

Normal conditions exist.

Maize for 1977 1s expected to be gpod'due,tofhiéhéb'
domestic prices, cheaper fertilizers, and local avalla-
bility of insecticides. N

The drought continued into the first half of July.

Rice transplanting was delayed, but later in Auvgust,
moderate rains fell in some areas. However, the
drought continues and 76% of the rice area is being
affected.

Most areas recelved adequate rains, hut due to serious
damage from typhoon and the prolonged previous drought,
serious food shortages exist.

Heavy rains and floods broke the drought which had
affected almost the whole country. At the end of the
month rice sowlng and transplanting are progressing.

Typhoons in July and September aggravated the crop
prospects and the food situation which were already
critical because of war, cold winter and drought.

The drought reduced the harvest.

Troplcal storm Bess dissipated over Tailand's
Northeast Reglon. On two tropical depressions
tracked along the same path within a week of @ach
other during July.

Dry weather persisted in the North and Northeast, while
floods damaged some of the rice crop in 6 southern pro-
vinces.

The drought in the north and the floods in the south
are affecting the 1977 main season paddy. Water shor-
tages are affecting the secondary paddy crop that is
harvested in May. With lower rice production, expor-
ters must sell more to the goverrment stockpile.
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'TABLE 3.6e: EPISODIC EVENT DATA FOR THAILAND -

. . Year' Month |

Episodic Event

i;prr

Jun

g

. Oct

There were good February and March rains for secondary
rice that 1s to be harvested in May.

There 1s an insecure state of area around Khlong Yai,
Thalland, as a result of land mines, ambushes and
shelling, that have effectlvely cut it off from the
rest of the country. The farmland between Trat and
Khlong Yal lies nearly ldle because fishermen who
usually raise crops there are feartful of Cambodian
attack.

The drought continues 1n some areas and irrigation
supplies are insufficilent.

There 1s increased secondary rice area.

Heavy rains relleved the drought in most areas. The
planting of main rice and maize 1s underway and nearly
canplete in the North and Northeast. The record secon-
dary rice production for 1978 is attributed to the new
strain of rice (Kor Khor) which requires less water.

Flooding in 15 provinces in the Northeast and North
Reglons destroyed 140,000 hectares of paddy. Aild is
requested.

There 1s a large planting of 1978/1979 main rice and
malze due to above average rains.

A depression on August 22 caused 184 mm rainfall at
Sakhon Nakhon, 166 mm at Udon Thani and 148 mm at Loei.
Flooding has been extensive, but the crops may survive.
Rellef was provided.

Floods in 29 provinces of the North, Northeast and
Central Reglons affected crops. However, the main

rice crop (which was planted in August and September)
1s lookdng good. There was govermment relief for flood
victims.
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TABLE 3.6f: FPISODIC EVENT DATA FOR THATLAND = .

Year.

‘Month

Episodic Event

1979

. NOV

-Feb

Apr

‘May

Jun

The Thal goverrment 1s increasing efforts to get sugar-
cane growers to switch to another crop due to prospect
of a sugar surplus of nearly 500,000 tons in 1979.

Due to drought in 1979 the main paddy crop declined.

The 1978 main rice crop was a record 10 million tons
and malze was 3 million tons.

FAO/WFP aid is in operation for the flood victims and
Indo~Chinese refugees.

Secondary rice 1s being planted.

The northeast monsoon began the first fortnight of
December. Rains should benefit rice crop in the south.
The secondary crop is due for planting in
January/February.

Scattered rains were received during the first fort-
night of February. Secondary rice is being planted.
Maize for 1979 was 8% higher than 1978 production.

Rains in mid-April relieved the prolonged drought.

It had affected 19 provinces in the South and Fast.
More rains are needed as secondary paddy 1s affected by
drought and tight irrigation water supplies.

Dry weather persists. Aid 1s still being provided to
flood victims and refugees.

The drought continues as secondary paddy crop 1s being
harvested. Ald continues.

Good monsoon rains eased the drought and 800 govermment
water pumps were sent to drought-affected North and
Northeast. Planting of the 1979 main rice crop is
underway. More fertilizers are being used.

Thailand is the world's fifth largest sugar exporter,
but bad weather compounded by poor planning, resulted
in acute shortages at markets by June, 1979.
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TABIE 3.6g: EPISODIC EVENT DATA FOR THATLAND. -

| Month Fpisodic Event

flggdi¥

g sgp* |

Jan

Feb

“here are localized floods which are affecting the 1979
production for the secondary rice crop.

Heavy rains since mid-May relieved the drought and
helped the newly planted main rice crop for 1979.

Floods during the second week of August in northeast
and southern provinces damaged the rice crop and
infrastructure. There 1s govermment relief assistance
for areas cut off by floods. Heavy rains in other
areas helped off-set below normal rains of the first
and third weeks of August. Secondary paddy crop and
malze production are up.

There 1s normal dry weather in December. Inadequate
monsoon rains and low levels in dams and reservoirs may
limit the area of secondary rice to be planted next
month. The 1979 main rice crop 1s being harvested.,

The 1979-80 sugarcane harvest season was hit hard by
an early drought. Sugarcane ylelds thils season are
down 37.5%.

The 1979 main paddy production was below that of 1978.

The secondary rice area (planted in January) is likely
to decline due to lack of water in dams and reservoirs.
The government 1s providing pumps for rice irrigation.

Inadequate water supplies in dams and reservoirs and
dry weather affected the planting of the secondary
rice, normally harvested in May/June.

Good rains in mid-March eased drought conditions over
many parts but because of severe rainfall deficiency
since QOctober 1979, more rain is needed. The 1980 secon-
dary paddy, normally harvested in May/June, was

affected by insufficlent irrigation water supplies and
previous drought.
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'TARLE 3.6h: EPISODIC EVENT DATA FOR THATLAND .

Year =

‘ Month  Fpisodic Event

pr

Sep

Oct

April rains benefitted the 1980 secondary rice crop in
same northern areas. For the most part, however, irri-
gation water remained in short supply for the growth of
the newly transplanted rice crop.

iidespread rains in May and during first half of June
partially relieved drought conditions. In most growlng
areas, lrrigation water remains in short supply for
secondary paddy. Due to the drought, the 1980 secon-
dary paddy will be less than last year.

Good monsoon rains continued during June, favoring the
newly planted 1980 main rice crop.

Weather problems in Thailand last year seriously
damaged the sugarcane crop.

Crop and weather problems in India and Thailand will
cut total world sugar production below consumption this

Most areas recelved below-average rains during the
first week of July causing some reduction of crop
growth., However, adequate moisture supplies are
avallable for both the 1980 main rice and maize crops
due to ample rains in May and June.

Torrential rains caused the Mekong River to overflow
today and flood at least 16,000 acres of farmland in
two northeast provinces.

Nearly 60% of Thailand has been hit by monsoon floods
that have caused heavy damage to crops; 44 out of
Thailand's 74 provinces were either completely or
partly submerged.

This: Indicates the month the episodic event was reported. The

...date of occurrence is in the text.



o  Capabilities and Linitation of Data

'Ihe meteorological data used in this study are. of good quality. The monthly-
mean rainfall data are deter'miner. i oo u| at least 28 daily observations while the
monthly mean temperature and humidity are ohtained fram at least 25 daily obser'-
vations. Quality control of the nnnthly meteonologjical data was under'taken’v to
'delete er'roneous ‘cases. Obser'vations were ccmpar'ed to their' normal and with
{other meteorological elements. _

- One of the limitations of using monthly data instead of daily-data is that
‘monthly data do not indicate the distribution of rainfall during the nnnth. The
assurhption for using monthly data is that rains are evenly 'distr'ibuted during
the peniod. Sometimes this assumption is not valid.

'Ihe source of all of the yleld data i1s the Center for' Ap;r'icultural
Statistics, Office of Agricultural Fconomics, Ministry of Agr'iculture' and
Cooperatives. Data were collected through their surveys and through other sour-
ces. The quality of the yleld data is quite good. Fluctuations in the yi-1d
data result from both weather and non-weather impacts. Year-to-year var'iations
in yleld are usually associated with dr'ought floading and pests in the
Northeast Reglon. There 1is also evidence that‘ changes in technology cause

changes in yield.
B. Analytic Methods

1. Rainfall Distribution o | e

Monthlv r*ainf'all data available fr'om each weather' station were aver'aged
“to obtain the distr'ibution of the monthly means (Figure 3.3 and Appendix).
Fach distribution is 'positively skewed during the rainy season, May to October.
The seasonal rainfall during May to October i1s daminant in the southern areas
whilev May to September rainfall dominates in the rest of‘ the reglon. The

largest amount of rainfall usually ooceurs during September ekcept along the
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the nor'ther'n and eastem boundar'ies wher'e ma.xj:mnns occup j_n A o

'Ihe highest‘_j

'amount of ',f irnonthly rainfall is appr'oximately 590 mn- in August_;at'}‘:Nakhon Phancm.

2. Potential Evapotr'anspir'ation (PET)

Evapotr'anspir'ation (EI') 1s- defined as the sum of the evapor-ation of water
dir'ectly f‘r'om the surface of water, soil and vegetation (dew) and the tr'anspir'a-
tion by plants._ I_f‘ soi_l‘water-_ is not limiting, the evapotranspiration fram a
canplete plant eanopy is v'called the potential evapotranspiration (PET).

"Iher"‘e have been many methods pr'oposed fon estimating PF‘I' vfran meteorologlcal
data, One of the simplest models i1s to appr'oximate PET by 80 percent of pan evap-
or'ation (fr'om U.S. C‘lass A pan) Some of the other ma_,jon methods Include the

following
Perman Formula (1948)

Permen's method 1s derived from the physical laws goveming the evapo- |
transpiration process. The approach involves obtéining .a.n enpir'ical e;stimate of
the transfer of mass (water vapor) from a wet surface and incorporating this |
estimate into an expression defining the surface energy budget. The Perman for- |
mula (Frere, 1972) for the rate of PET from an extensive and uniform wet surface-
can be written as: | o

FL' = (m + 0.66Ea)/(m + 0.66)
wher'e | PEI' is the potential evapotranspiration (rm/day),
- m 1s the slope of the saturation vapor pressure cur've ,,fo_.rf,water'
at mean air temperature in rb°cL. "
_ H is the net r'adiation in evapor'ation equivalent of m/day,
; .,0 66 1s the _psychrometric constant in mb°C'1 and :
By 15 0.26 (e = en)(1 + 0.5 Up) mvday
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with A es the saturation vapor' pressure (mb) at the mean air
o temper'ature, ’ ’ :

‘ ey the actual vapor pr'essur'e (mb):
- Up the mean wind speed at 2 meter's in m/sec.

The main pr'oblem with the Perman method is that the data for' net r'adiation,
vapor pressure deficit, and wind speed are not available far ‘most meteorological
stations. Because of incamplete meteorological daté. ‘at most weather stations,
other empirical methods for estimating PET have also been pr'oposec.L ‘v

Thornthwalte Method

Thornthwaite (1948) derived an empir'ical relationship between PEI' and mean
ailr temperature. PET is expressed as an exponentia.l f‘unction of' mean monthlv
alr temperature or: | o '_ ‘ |

PET = 1.6 (‘id'VT/I)A' -
where ,PEI‘ 18 the potentia.l evapotranspiration (cm/month),
| B iy 18 the mean air temperature (°C), normallv a month |
I 18 a heat index which r'epr'esents uhe sum of 12 monthlv :Lndices

(1) and may vary from 0-160,

12
= F (T1/5)1.5.’4

Ais a cubic f‘unction of I for a given location which may vary
fmm 0-4.25 and 18 defined as: |
A-675x10-713-771x1o-512+179x10-21+ou9
'Ihe values of PET are for a day length of 12 hours and a 30 day month an
adJustment must be made to estimate PET for a particular month and plvace.‘



'Ihis method has been used wor'ldwide because only temper'ature and the local
‘latitude are requir'ed for' input. However', considerable cr'iticism has been
, offer'ed because the mean air temperature does not relate to the surface ener'gy
balance. Also, the method was designed only for making nnnthly_PEI‘(estimates.
Hargreaves Method e

Hargreaves (1977) used air' temper'ature and solar r'adiation as the main
- meteorologlcal elements to estimate PET as follows: oyt
|  EET = 0.0075 (RSY)(TF)
uher'e; | ‘f'PET 1s the potential evapotranspiration (mm/day),
s : RSM is solar radiation in evaporation equivalent (nm/day) and
o "I'F‘ 1s the dally mean air temperature (°F)
When solar' ‘radiation is not available, it can be nstimated fr'an
| sunshine hours or extraterrestial r'adiation.
 Antal Method |

Antal (1973) developed a model based on tempevature and vapor' pressure defi-
clt to estimate the rate of evapotr'anspir'ation, measured by lysimeters defined as:
| PET = 0.9 (eg-ea)0+7(1 + bm)l.B | |
- where  PET is the rate of potential evapotranspination (mm/day),
- eg 1s saturated vapor pressure at te%nper'atureT in the 1nstrument
shelter', . | o | B
eg 1s the actual vapor' pr'essure in the shelter', and '

N b 1s 1/273

Li.nacr'e Method

| Linacr'e (1977) simplified the Perman formula for estimating PRT as follows:
= ([700(T + 0.006h)/(100-A)] + 15 (T-7d))/(R0-T)
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vhere: F 1s }the evapopation rate in rrm/day,

‘,‘«};T is;th _mean air' temper'ature (°C) |
'I'd is the mean dew point temper'ature (°C)
_'J;A is the latitude in degrees, and
,’:’h :l.s the elevation of the station in meter's. 7‘:{1
This formula nequir'es only geographical data (A and h), the mean’ air' tenper'atur'e
and the mean dew point temperature.
Priestley and Taylor Method

Priestley and Taylor (1982) established a method to calculate the PE’I‘
Thelr formula i1s a simplified version of Penman s equation
FET = S(ARp)/(S+3) ‘
where: PET 1s the potential evapotr'anspir'ation (mn/day), A N
. S is the slope of the saturation water' vapor' ppessuhe curve at mean
aip temperature (mboc-1) S
‘- G 1s the psychrametric constant (0 66 mb°("1) .
Rp 1s the net radiation in evapor'ation equivalent (nm/day),
A 1s the empirical constant (1.44)
Evaluating Methods for Estimating PET

Because PET 1s one of the fundamental agroclimatic analysis -tools for the
study of molsture stress on crops, reliable methods must be determined to esti-
mate PET. This is difficult even with optimum data. The previously discussed
methods provide PET estimates. ‘These contrast with measured PET which is
usually determined by fleld experiments with a lysimeter.

.‘In this study for Northeast Thailand, monthly data fram the agrameteorologi~
,cal stations were used to estimate PFT by the Perman, Hargreaves, "hornthwaite,
‘fhiestley, Antal and Iinacre methods. ™hese were compared to each other and with



80 per'cent; of pan evapor'at;ion.‘ ‘Ihe sample meana R variances and time ser'ies of
individual monthly estimates were compared.

Because actual measur'ements of' PET are not available, definite conclusions
cannot be made. However, some inferences can be drawn from comparisons with pan
evaporation. Crop calendar Information can also be used to interpret PET
(moisture demand) and rainfall (moisture supply) relationships. If crops are
successfully grown in most years, rainfall should generally exceed PET during
the crop growing season. If estimated PET during the crop season is con-
sistently larger than rainfall, and observed crop yields are favorable, the PET
method 1s suspect for that region. Because the Perman method 1s a physically
based procedure that determines PET, more emphasis is usually placed on results
from that method.

One problem common to all methods is that baseline data are not usually
avallable to confirm the appropriate method. Also, data for the Perman method
are not always readily availlable. Finally, some of the methods may be totally
Inappropriate for climatic conditions in Northeast Thailand.

~ In spite of these limitations, recommended procedures need to be developed
for test and evaluation. Tz most "appropriate" method needs to be determined.
Alternative methods or ways to adjust PRT estimates to conform with the
"appropriate" method are required. Interpolating PRT to data sparse locations is
important. Determining when PET normals can be used instead of individual
monthly (or weekly, etc.) values 1is necessary. For example, if the variance of
rainfall 1s much greater than the varlance of PET, then PRT normals should
suffice. These are some of the questions to be investigated.

There are at least two important studies relating to PET methods for

Northeast Thailand. First, Rasmidatta (1981) has used a modified Perman
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equation to estimate nonnal PF‘I' for' stations 1n Thailand, These ' results are
addr'essed in this study. Second the r'epor't Assessment of Rainfed Irrigation

in Northeast ‘Ihailand, pr-epar'ed by theAsian Institute for Technology for the

Committee for Coordination and Acceleration of Water' Resources Development, the
Secretariat of the Prime Minister, 1981, discusses applicationof the Jensen-
Hailse fomiula for estimating PFT, These results are also considered.

3. Soil Moisture Fudgeting

The gr'owth and development of cr'ops depend on the water available for' their'
consumption. The sources of the water came from rainfall, water stored in vthe
soil and irrigation. Precipitation recharges soil moisture in successive soil
layers from the surface downwar'd. Pr'ecipitation In excess of that required to
bring the crop root zone to the water holding capacity is removed by lateral
runoff and percolation. For a short dry period, crops are not seriously
affected, even in the oriticel gi'owth period, if there is sufficient soil
molsture to support the demand for water. Thus » the s01l moisture level may be
as good or better an indicator of crop conditions as rainfall. Since the soil
moisture is difficult to measur'e directly in the field » Several methods have
been proposed for estimating its value. Two procedures are desor'ibed as
follows. | | e

One—Layer" Water Balance Method

Thornthwaite's model 1s based on simple water,palgﬁgéf;q&géiaas‘féﬁ;ggiﬁs\
and losses within a single layer as follows:
si =81 + Py - (PFT& (31_1)/FC) |
i wher'e ‘Si is the soil molsture estimate for' the curr'ent per'iod

]si-l is the soil moisture for the pr-evious per'iod

| Pi is the pr'ecipitation,

o PF‘I'i is ‘potential evapotr'anspir'ation for' the curr'ent per'iod and
FC 1s the fleld capacity of the soil. e e



- Two-Layer Model

‘ 1.In contrast to the one_layer»msééi}[%aimep'(19655f;ééééﬁé&f£]£w5§1a§§§7m§qéi‘
’which makes two assumptions: R
1) The upper layer is equivalent to the plough layer and 1s assumed to hold
about 2.5 cm of plant available water. The soll water in the surface layer (SS)
i1s lost at a potential rate.

2)  The underlylng layer extends frdn the base of the plongh layer to the
depth of rooting for a particular crop. Soil water in the underlyirg layer (SU)
1s lost at the potential rate when the profiile 1s at fleld capaclity. The
available water in this layer depends on the depth of the root system and on the
soll characteristics.

T™e soll molsture budget 1s:
Sy = 8S4 + SUjy = SS47 + SUs) + P4 = AETy ~ RO4
wherefﬂSSi and Suy are the soil water in the surface and underlying layers,
' v respectively,
' 1 is the current time period and 1—1 i1s the previous tnne period

;,Si 1s the soil water in both surface (SSi) and Underlving (§U1) layers,

“"‘.:'Pi 1s the rainfall received during the current time period,

;qAET1~1S the actual water loss by evapotranspiration, and

;;Zﬁdivis the runoff. o :

The actual water losses by evapotranspiration and runoff are estimated by:
a) IfP1<PE’I'1then | | R
AEI‘i Py + LS4 + LUi Py + Minimum (SSi..l, PE‘I'i_Pi)

o Minifmm (SU1-1, (PEP1.P1 - ISi) SU1_1/(PAwmax-2 5))

where'iiv“(vb . SR
- LSi and LUi are the water losses from the surface and underlying layers

_in#the current time period, respectively,

PETi 1s the estimated potential evapotranspiration, andfj
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PAWmax is the maxinnxn possible plant available water in the total soil or'o-
fileo - : ’1:,.‘ ',‘:(‘

whe‘r'e,- L
REi (Soil water' r'echar'ge) is estimated by
RFi = Minimm ((Py - AETy), (PAWmax - Si))
'Ihe budget begins at a time when the soil moisture is a f‘ield capacity and

water is lost from the upp:r layer first. Note that if' 'sJ 13 Hzer'olthen the

loss from the underlying layer (LUj) is also’ zer'o. ,ff_: .,All .u‘nits are\ in'v' an.

4, Cr'op Coefficients
Doorebos and Pruttt (1977) defined the crop cosffiotent (KC) fora .~

glven crop as: : ‘_
KC AF‘I'c/PEI'.

The crop coefficient r'elates to the evapotr'anspir'ation (AEI'c) of a disease
free crop grown in large fields under optimum so1l water' and fertility con-
ditions and achieving full production potential under the glven enviromment.

PET 1s the reference potential evapotranspiration as defined in previous sec-
tlons. Factors affecting the value of the XKC are mainly the crop charac-
teristics, crop planting or sowing data, rate of crop development, length of
growing season and climatic conditions. Thus, crop coefficients are vdefined for
each crop development stage. Usually, the coefficients of a given crop are
largest for the flowering/reproductive stage relative to other stages, for
example, planting and early vegetative stages.



Some of the cr'op coef‘ficients for' selected cr'ops as pr'ovided bv Door'enbos

and kPr'uitt ar-e p;iven in r[‘a.ble 3 7. These were detennined fr'om field exper*-
;'ments with lysimeters. Although the appropriate crop coefficients for env:mon
»' mental and cropping practices in Northeast Thalland would have to be locally
" determined, the data in Table 3.7 can be carefully used in agroclimatic stu-
; vdies.» The coefficients should be adjusted for local conditiOns, €.g., Crop
! ca.lendars and cultura.l practices.
| ‘Ihe KC can be used to estimate the crop water r-equir'ement for differ'ent
cr'ops at various stages of development by: | i :
| Crop Water Requirement (CWR) = AETc = KC(PE‘I‘)

o 'Ihe CWR for each growth stage and the growing season of a particular crop
‘can be estimated from historic meteorological data. The CWR can be cqnpared
with rainfall and soil moisture to determine the appropriate crops and plantim
g dates to avold or minimize drought vulnerability. In contrast to this type of
~ land use study, the CW'{ can be used in real-time applications such as irrigztic
advisories during the growing season.

5. Climatic Diagrams _

The climatic diagram is 'a useful tool for investigating the availability of
) moistur'e for crops. It is a graphical plot of monthly decadal, weekly or even
daily_ rainfall, soll moistur'e, PET', AET and other parameters such as pan evap-
otfation. The crop coefficient could be used to adjust PFT, thereby providing
anestimate for the crop water requirement. The diagram can be based on data
for a particular season or from climatic normmals or both. For example, moistu
supply and demand relationships can be nbnitored dur'ing the‘ growing season by
comparing real-time values to normal data. This can be an important tool for
crop condition assessment. The dlagram can also be used for land use studles
which investigate optimum planting dates, crop selection, irrigation require-

ment]’ and ofthers.



‘Table 3.7 CROP COEFFICIENTS (kc).
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o . Crop Develcapment stagc Total
CROP. C"°P Mide Late At _growing
nE d':':}“:p' | season season haﬁest “period
Banana R . ‘ ‘
tropical 0.4.-0.5 0.7 -0.85 |1.0 -1.1 }0.9 -1.0 0.75 0.85] 0.7 -0.8
subtropical |0.5 -0.65]0.8 -0.9 [1.0 -1.2 |1.0 -1.15{ 1.0 -1.15{ 0.85-0.95
Bean R - ‘
green 0.3 -004 0065-0-75 0-95-1005 009 -0.95 0085-0.95 0.85-0-9
dry '|0-3 -0.4- 0.7 -0.8 ]1.05-1.2 }0.65-0.7510.25-0.3" | 0.7 -0.8
Cabbage (0-4 -0.5 '10.7 -0.8 }0.95-1.1 0.9 -1.0 |0.8 -0.95]|0.7 -0.8
Cotton 0.4 -0.5 0.7 -0.8 }1.05-1.2570.8 -0.9 |0.65-0.7 |0.8 -0.9
Grape v 0035"0 55 006 -008 l, 0. "o 9 ’ 0.6 "'0.8 0055-007 0055"0075
Groundnut 0.4 -0.5 ,0,-‘7_f-0-‘8"j | -,0'95‘,,1'1 0.75-0.85 | 0.55-0.6 |0.75-0.8
Maize » ' ER . :
Sweet 0.3 -0.5 007"0.9 1-05-102 1-0 -1015 0.95-1.1 008 -0095
grain 0-3 --O. 5. ' 0-7-0.85’ \1.05'1.2. 008 ‘OO 95 O- 55'0.6. 0075'009.
Onion | o . . L
dry 004 -0-k6" 007 -008 0-95"1-1 0085’0-9. 0-75'0.85 008 -0-9
green O.A -0.6 006 '0075 0595-1005 0-95-1005 0-95“1-05 00_-65"0-8
Pea, fresh 0.4 -0.5.-10.7 -0.85 | 1.05-1.2 | 1.0 -1.15[0.95-1.1 | 0.8 -0.95
Pcpper, fresh 013 -004‘ ; :"0-5 -0575 0095-1.1 0085-1.0 0.8 -0«9 007 -0.3 )
Potato ']0.4 -0.5 0.7 -0.8 [1:05-1.2 |0.85-0.95]0.7 -0.75|0.75-0.9
Rice 1.1 2115 (1.1 215 [1.1 -1.3 [0.95-1.05 | 0.95-1.05 | 1.05-1.2
Safflover 0.3 -0.4 0.7 -0.8 |1.05-1.2 [0.65-0.7 | 0.2 -0.25]0.65-u.7
Sorghum 0.3 -0.4 0.7, -0. 75 (1.0 -1.15 [0.75-0.8 | 0.5 -0.55 | 0.75-0.85
Soyb can 0.3 -0.£°|0.7-0.8 [1.0 -1.15[0.7 -0.87] 0.4 -0.5 [0.75-0.9
Sugarbeet.  [0.4 -0.5 |O. 75-0 .85 |1.05-1.2 0.9 -1.0 0.6 -0.7 |0.8 -0.9
Sugarcane (0.4 -0.5 [0.7.-1.0 [1.0 -1.3 ]0.75-0.8 |0.5 -0.6 ]0.85-1.05
Sunflover  10.3 -0.4 0.7 -0.8 [1.05-1.2 0.7 -0.8 | 0.35-0.45 | 0.75-0.85
Tobacco 0.3 -0.4 }0.7--0.8 [1.0 -1.2 |0.9 -1.0 | 0.75-0.85 | 0.85-0.95
Tomato 0.4 -0.5 . 0.7 0. 8, j: 05-1.25 0.8 -0.95{ 0.6 -0.65 | 0.75-0.9
Water melon o‘zf-o 5 ’9.7 =0, 8'}-“ o. 95-1 os 0.8 -0.9 |0.65-0.75 }|0.75-0.85
Wheat ~ 0.3.-0. 4 iQf-,.'i..-Q,a,f '_ .11 os- 2 f_o_.‘65-o.'75 0.2 -0.25 {0.8 -0.9
Alfalfa - 0. 3"-0 4 N | 1.+ -]11.05-1.2 10.85-1.05
Citrus ' R g A
clean weeding | 0.65-0.75
no weed controlﬂ* = 0.85-0.9
Olive ' 0.4 -0.6
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e PRT 1s estinated by the appr'opr'iate method.  The AET 1s determined fram

! ,;the soil"moisture budget.

6 Der'ived Agroclimatic Indices

o Agricultural drought indices are defined as derived rmmber's or classifi-

'cation identifications which expr'ess the degree to which gr'owing plants have been

-'»:'gadver'sely affected by an abnormal moistur'e deficiency. The deficiency rray

result either' fram an wnusually small molisture supply or an unusua.lly large
moisture demand. The sources of molsture supply are precipitation and water'

stored in the soll while the moisture depletion 1s caused by crop evapo-
transpiration to meet the CWR during the growing season. Rainfall, evapo-

| transpiration, potential evapotr'anspiration and soll moisture are some of the

variables that can be used for calculating these Indices.

This study examines five different agroclimatic indices: Yield Moisture
Index (YMI), Generalized Monsoon Index (GMI), R-Index, Soil Moisture Index
(SMI), and the Palmer Drought Index (PDI). These are some of the indices used
by the NOAA/Assessment and Information Services Center' (AISC) for drougbt/ear'ly
warning assessments. The detalls on each index are as follows ’

" Yield Moisture Index (YMI)

. One of the primary agroclimatic irxiicesusedbyAISC istheYield ‘Moisture
‘Index which 1s defined as:
= 3 PiKCyj
=1

’YMIJ is the Yield Moisture Index for' the Jth cr'op (e.g., maize, ‘rice,

ka;."beansx, ete. ), , ‘

fiPi is the pr'ecipitation which occurr'ed dur'ing the ith cr'op stage (e.g.,
| | for' planting, 1=2 for' vegetative, i-? for' r'ept'oductive/flower'ing,
fOl' maturity), and
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Kcid is the appropriate crop coefficient ﬂor the Jth crop and ith crop
| stage as estimated from Table 3. 7 for local conditions.,d* -
As discussed by Steyaert et al (1981), and Ac chutuni et al (1982), this
drought index uses crop coefflclents to weight rainfall during the growing
season according to the relative water requirement! between crop stages. For.
example, the crop coefficients for maize at planting and reproductive/flowering :
are about 0. 35 and 1.05, respectively; water is about three times more
important during flowering than at planting. Thus, the YMI 1s based on object-
ively weighted rainfall and should repr¢ ent an improvement on cumulative rain-
fall during the growing season. The index can be calculated at the erd of
planting, vegetative, flowering and maturity crop stages. Usually water is
beneficial to the crob at these times; however, caution must be exercised in the
late maturity stage. If rainfall tends to adversely affect the crop duringythe
final stages (grain drying), thls stage should not be used in the YMI.
Generalized Monsoon Index (GMI)

The Generalized Monsoon Index was developed by Achutuni,‘Steyaert,and,
Sakamoto (19R2) to assess rainfed crops which are grown during,the:rnnsoon,f,ln
a sense, 1t 1s a generalized YMI which is defined for the,southwestinpnsoonrand
also for the northeast monsoon (peninsular areas only). | yili ii =

The GMI for the southwest monsoon during June-September is'definodféézfﬁf

GMIgy = 0.125Pg + 0.125P7 + 0.50Pg + 0.25Pg. e
The GMINg for the northeast monsoon period during October to January is also ‘
defined as: = | I B
‘ GMINE = O l25P10 + 0. 125P11 + 0. 50P1; + 0 25P1

whero:". GMIsw is the GMI for the southwest monsoon,f :

“rlr CMINE is the GML for the northeast nonsoon in peninsular regions,

and
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Py 1s the rainfall in the ith month (1=l for Jan, i=6 for Jun,

" etc;)v N S
'I‘he index attaches most significance to rainfall ‘oceurring during the
i,fflowet'ing/r'eproductive crop stages. Although these welghts have been determined
‘5 fthrough objective analysis of historic data, they are not crop coef‘ficients.
,“:"Ihe (MI 1s useful for assessing drought as well as flooding situations. o
o R-Index o S
‘ 'Ihe R-Index was developed by Yao (1969) and is def‘ined as the ratio of AET
"to PET or: R = AFET/PET.

The index ranges from 0 to 1. Values near' zer'o indicate extr'eme moisture
str'ess while vaJ.ues near unity indicate no str-ess. 'Ihe index can be used in
crop condition assessments and also as a tool for' land use studies. For
example, Yao (1973) used the R-Index to demonstrate that groundmuts could not be
grown In Tanzanla due to drought vulnerability. This simple agroclimatic analy-
sis could have saved British investers several millions of dollars in 1948,
"Ravelo and Steyaert (1981) used the R-Index to estimate optimum crop calendars
| fot' 'Haiti and to eliminate erroneous crop calendars cited in the literature.

B Soil Moisture Index R

Ravelo and Decker (1979)pr'0posedaSoilMoisture Index(SMI) which is
defined as: )
=;PAWV?Awhé;jliiigﬁfi -
A"TTViPAu*is'the plant available soil moisture, and
- PAW,m 1s the maximum plant available soil moisture.
'Ihe SMI is def‘ined for values ranging from zero through 1. The S'II has been

j,?used by AISC as a crop condition assessment tool.
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Palmer Drought Index

One method for combining precipitation end temperature as predictor
varlables was developed by Palmer (1965). The Palmer Drought Index (PDI) is
universal In that persistently normal temperature and precipitation produce an
index of zero for all seasons and all climates. The campleted analysis breaks
the meteorological record into separate periods of drought, abnormally wet or
near normal. Positive values of the index indicate wetter than normal con-
ditions while negative values represent drought. Table 3.8 1ists the descrip-
tive terms which have been assigned to describe the character of the weather
represented by various intervals of the index.

Interpretation of Indices

Indices car be computed fram historic data over a 15-30 year period and then
expressed in several forms: raw value, percent of normal and percentile., The
Indices must be tested and evaluated to determine how each should be
interpreted and the potential for use as an operational iIndex to monitorlgeneral
agricultural conditions. The threshold values for the indices can be
established by using historic yield data and episodic data. The historic indi-
ces for each station can be plotted and the records of eplsodic data then used
to 1dentify the weather impact years and the critical values of the index assoc-
cated with, for example, nommal crops, moderate drought impact on crops
(slightly below normal yields), drought impact on crops (reduced ylelds) and
severe drought impact on crops (drastically reduced ylelds or crop failure)

The index values for such years will be considered as a threshold. value for each
category. | ' o |

Decisions should be made cn which Index or indices will be appropriate ﬁor
an area of interest or. ﬁor alxn%mcalar purpose. Puidelines for determing the
appropriate method are discussed in subsequent chapters in this report. The
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| VET AND DRY PRRIOD

INDEX R cmmcmq OF RECENT WEATHER

om0 xbrenely wt
] o
S ,Moderately wet
;fSlightly wet

ffiéggff£§f_6;99g~ Inciplent wet spell
049 | to -Oi.,rl}b:f ‘Near normal

';0;50 to -b;gga Inciplent drought
1,00 to -1.99 Mild drought
Seoaie e

: -? .00 to =3. Severe drought

Extr'eme dmught
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assessment then can be made by calculating the 1ndices using the observed |
weather data interpreting the index values in tenns of similar values in the
historic record and finally evaluating the results along with other infonnation.
The indices are mainly useful in assessing drought impact on agricultural crops,'
not the flooding impact or crop conditions in 1rrigated areas. Drought causes
physiologic damage to a crop. Excessive moisture due to flooding can cause |
physical and also physiologic damage. Thus, flooding 1s a more camplex
assessment problem. Also, wind damage 1s sometimes associated with floods.
C. Application of Agroclimatic Tools

These agroclimatic tools can be used to develop agroclimatic assessment
models including: 1) drought early warning and crop condition assessment, 2)
crop monitoring to determine irrigation scheduling requirements and 3) land and
water resource management applications. Examples of these models and their

application are provided in this report.
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"_A Over'view . | B | |
- Four' major tvpes of agroclimatic analvses for Northeast rrhailand were per-
-formed including: 1) investip;ating and evaluatinp; various methods for esti-
| ,matinp; potential evapotnanspiration, 2) estimating soll moisture and calculating
the Palmer- Dr'ought Index, 3) developing historic agr'oolimatic/cr'op condition
indices for' use in assessments and ll) developing preliminary statistical
: climate/cr'op yileld models for main rice and maize crops for the NE region. The
PET results are discussed in this Chapter. The agroclimatic/crop condition

: indices and statistical modeling r'esults are discussed in Chapter V. 'I'he use of
cr'op index models, statistical models, soil moistur'e and other' assessment tools
"v " _ ‘f‘or' malcing assessments are discussed in Chapter' VI. 'I'he ‘followingsumar'izes
f:f',f'-'-‘f“the types of analysis.
’} 1. Potential F‘vapotranspir'ation
- The methods for estimating PF‘I‘ discussed in ('hanter' III were investigated
| v 'using two sets of stations' 1) monthlv data at thr'ee agr-ometeor'ological sta-

| ‘;_,‘,‘tions and 2) monthly rainfall data and climatological normals for PRT calou-
ﬂ‘ylations at the synoptic stations. The estimated PET values were compared to
each other and to pan evaporation. Mean values, variances and ratios were
determined as appropriate for each station. The goal was to investigate the
"appr'opr'iate" method for estimating PET, to determine if PET normals can be used
‘instead of - individual monthly values s and to detemine how to interpolate or
'estimate PE‘I‘ at data spar'se 1ocations.
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2; Soil Moisture and the PDI

The r-esults of the PE‘I‘ analysis were used to estimate moisture using the
Palmer two—layer' model and then to calculate the PDI. 'Ihe soil moisture esti-
mates are intep;r'al to the assessment program. The PDI shows pr'cmise as a poten-
tial index for monltoring climatic conditions at individual stations. |

3. Agroclimatic/Crop Condition Indices | o

These Indices are based on monthly r'ainfall data at synoptic stations and
represent primary tools for assessing dr'ought impact in the Nor'theast. '_

4. Statistical Models |

These preliminary models require test and evaluation a.nd should be used with’"*
caution. | p
B. PET Results

1. Agrometeorological Stations

Figures 4.la-c show the monthly mean PET estimates obtained from the Perman,
Thornthwalte and Hargreave's methods using data at Sakhon Nakhon, 3urin and Tha
Phra (Khon Kaen). The monthly mean rainfall and pan evaporation are also
included for comparison. In general, PET estimates during the dry season are
larger than PRT in the wet season. The methods tend to show the-" least seatter
during the wet season. RIS

The general relationship between PET and rainfall. suggests p;eneral moistur'e
supply and demand relationships for the crops: r'a.infall greater' than PF'I‘
usually suggests moisture excess while rainfall below PRT usually suggests
molsture deficits. The diagrams show why crops are grown in the wet season and
why irrigation is needed in the dry season. Rainfall is usually adequate at
Surin and Sakhon Nakhon but crops probably experlence some drought stress at
Tha Phra, par'ticuar'ly at the beginning of planting because average PET and rain-
fall are about equal
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'I'ables ll 1a-c show the simple statistics (mean, standard deviation,. etc.)
for these climatic variables and PEI' at each station. The number of years in
the data base 1s indicated by “N" If' the standard deviation is squared the
variances between PET, Pan and rainfall can be canpared if‘ one assumes the |
alstributions are identical. Tn general the rainfall variance is about H

10, 000 nm2 while PEI' and Pan are about 100-500 m2. m an order of' magnitude
basis, rainfall is about 100 times more variable than either PEI‘ or pan
evaporation. The variables that determine PET do not change Very much from year-
to-year for a given month. This suggests that f'or some applications, sample mean
PET can be used instead of individual calculations for each nwnth (or decade).
For example, this finding could be used 1in soil moisture budget analysis or in
crop water requirement calculations using crop. coafficients.

Figures 4.2a-c and 4.3 demonstrate rhore characteristics of PET variabllity.
Figures 4.2a-c show the individual monthly climatic variables during 1967-1981
for January, June,‘and September at Surin, respectively. The time-series for
January and June have greater scatter than during September (even though the
scales are dif‘ferent). Large amounts of rainfall during September probably dam-
pens variability of the other parameters. In Flgure 4.3, the mean and standard
deviations for Penman,' PET at Surin are shown. The standard deviations are
generally smaller during the wet season.

Table 4.2 and Figures U.4a-c show the ratios of Perman, Hargreaves and
Thornthwalte PET to pan evaporation and '80 percent of pan evaporation. ‘These
ratios suggest how the methods can be adjusted if pan 1s used as a reference
criteria. In this case, 80 percent of' pan evaporation is used as the most
simple PET model. In general, Perman and Hargreave's PET estimates are below
pan values. However s f[}'lornthwaite PET estimates are f'requently greater. 'Ihe
'I'hornthwaite estimated PEI‘ values are well above pan during the wet season and
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IABLE 4.1p PET, Pan Evaporation and Rainfall Statistics for Sakhon Nakhon.
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FIGURE 4.2a Comparison of Historical Potential

R R T

Evapotransplrauon Est:mates for

January by the Perman (P), Thornthwaite (T) and Hargreaves (H) R
Methods at Surin. Monthly Rainfall (R) and Pan Evaporation Values 5?

(E) Are Also Indicated.
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FIGURE 4.2b Camparison of Historical Potential Evapotranspiration Estimates for
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ods at Surin. Monthly Rainfall (R) and Pan Evaporation Values (E)
Are Also Indicated.
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FIGURE 4.2c Con'parlson of Hlstorlcal Potential Evapotranspiration Estimates for '~

September by the Penman (P), Thornthwaite (T) and Hargreaves (H)

Methods at Surin. Monthly Rainfall (R) and Pan Evaporation Values (E)

Are Also Indicated.



NORTHEAST THAILAND

MEAN PENMAN PET AND STANDARD DEVIAT.ONS
SURIN

FIGURE 4.3 Mean Monthly Penman Potential Evapotranspiration Values Showing the
1 and 2 Standard Deviation Limits.

08



NORTHEAST THAILAND

PET RATIOS .
SAKHON NAKHON, SURIN AND THA PHRA KHON KAEN

RT_8E

SAKHON NAKHON

RH_BE RT_E

_E

2

RP_AE

RP_E

MON

‘0BS .

P 3 OINO ~O U ~OMND
VO ~DIOM~ONO
) == (O O = O
N ONMOMONS S
NP IMDMSE 3 O LN
e 000000000
QOO =t st et gt ey 7=t D O

TINONNO VTP DOT
O N~ O MS L DOLN
NP = MNO~O OO
O INNJD U™
IO OO\t —~OUN T
e 0000 o0 0000
DODD Attt = DDD

ONNS NNl N P M ™M
T ON= T OWO NI~
NIOONNINDMNIT
PO S ONOO
T CANANT~CT
e ® &6 06 5 0 00 00 00
€ et et =t =t et el et et om 4 D

NITT—~LALNO-TX T
I (Yot et M O (YD A ION
CULILNSTNINOME
N CCm~0 NS NCN
[alante sde e b lo Y = T To 00 of O
® & 9 0 ¢ 0 060 0 0 0
DOO0OQmrmiOr it OO

ON =TI PN M= O NV ems
NN OO DOV DN~
NMIMND e LTM OO
~ DI TN S
QP DO it (\Jmt QDD
e o000 0e e 000 e
€ Oty 7t ot et gt gt =t D O

~Cl o~V CMa
NCILN—~IXT & TN
~OCITPIPNLTOLIM
ANSNLCTAOANNNASO
NTML ~NITLMM S
Dol al-of o fodo fo N o 0. of SV}
o vees se0 s e

oCCCCCOOOCOO

= (TS N0 P00 O Oy
L

XIS LN O DO oy
i

SUR1IN

‘oBs -

RT_BE

RT_E

RP_HE RH_E RH_BE

RO _E

MON

81

QT = NNN ~ON~O-F
NI OO IO N
NP =~ OMADOUNO M~
S ONOS O TOND
PN MM O M =00
o0 0000 an s e
QO r=t it bt 5=t ety ot O O

[ Vel g V=2 J o lVe X =TV o o Yo .}
SO ~MIOT = NI
I POT~DND
ISP ODOOONND
e o &6 @ 00 009 00 0
OO Ortrtrtrtoir O DO

WM N T Pt (M Mt e D
SONNC TCTNMSIN-O
MOMERPUN OO T I
NOODO~NTVO
CCOOOmm~\JOO
e & & 0 0 0 0 0 O 0 0

. P

MOMNMEIOON~O T
T O =~ ST =L
~OAPPMNIIEOIND~O
JNCo~T o NQoOw
mINNOCC TN o
DIRCDDVVDIILD
® & &8 & & 0 & 0 0 0 0o
00000000 COO00

TP QU T F D o=
O =0 SN O
N L~ OIS NIM
[a ST pEV ek I ool NagTe Y oaglaV]
CSOSP L OO~
TP TP ARRO O
9 0 & & » o 0 5 09 8 0

OO0OO0COOOOCOo

U =L~ OMM 0L
—tet 3 ADOVDMC T T
P ITMNICTI=LCONLD
= OIWN D et P CNILE ™M
SO =P OM
VolVolp Yo X o Lol o ol o o T o3V s
® & & » a9 ¢ 0 09 o0
QOO0 OOO0O

=~N\MNO DO~
e pg ot

I UNLC-T O O\
gt pet ot ot ot et (\J (I (Y O\

SE s T W o S0 00 w0 D D s D D =B G D e T S . 8m THAP“RA K“OH KAI:N

RP_8% RH_E Rit_B8E RT_E RT_8E

RP_E

MON

ORS

PP S IMNDPNN QS
L1 2l kati¥ ol K o T ol VaTe
MNIOORSNOMI~N
MINONC N IO (e
VD O= NN ODMI
e & 5 060 00 0 % 000
[ Y= P e e ~ =]

CUNO~ FTOODUNN
 ILLCMI~NNNON~
O PN =TI PSS
OPNNCOINIDMON~ON
IONNPAONODINS
S0 000 ess 00

QOO0CC~O~m=OOu:

oL’ Al oY =2 4
NSO LM O TN
L CNNOI MO
DVM~DV~>IINI Ny
FIPPPOODO~~ON
e 8 ¢ 0B 885 0 0 0 0
O OO rt et ot et e O

NP LN O ) O e
CANITIT SN T
T VO TO MMM
~ QXN PM L = INO
NN NN
[t o ofs o o ko 1o F o]
® & 5 9 06 90 0 0" "0

DVOCOO0OOO0O

QP et O NN T T =D
VSN NS DIODNUD
=t ot (P 0 e e (Tt
(e T TV S he b T oo I F—K J,1]
DVICCCIC=OOPO
e o vevcssrs e
QO rtmt ot C ot et et et O D

—_S~O TSRO
SIS ICNLD
N ITMO=LmNIDNT P
WOMNMN A~ O $ =N\
LCN—OMT O~ 2NN
[Yof s ofc oo (¥ oofe Jf - of - of 01V ]
® ® 60 0 &0 85 6 9 00
CCCCCOOOOOO0

~MINCCOC~N
ottt

NCr DO S I
NP MM

/ .8E, RT_E=T/E and

n, Surin and Tha Phra Khon Kaen.

=H/E, RH 8E=H

oE_
S E
o
N,
(%]
)
o.
wl/
Ay
@ Il
)
)
H .
S8 2
g =
-
up, B
9 A
R
oyl
o
HE g
(9]
~
(%]
|
=
[


http:8E=T/.8E
http:8E=H/.8E
http:SE=P/.8E

;fETiﬂATIQ',L_Qf~  

NORTHEAST THAILAND
PET RATIOS

SURIN

nNe

we
oo
nNe

MONTH

FIGURE 4.4a Comparisan of Mean Monthly PET Ratios (P=Penman/Pan, HeHargreaves/Pan’

and T=Thormthwaite/Pan) for Surin.
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NORTHEAST THAILAND
PET RATIOS
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Comparison of Mean Monthly PET Ratios (P—Penman/Pan, H—Hargreaves/Pan
and T=Thornthwaite/Pan) for Sakhon Nakhon. -
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FIGURL 4.4c Comparisons of Mean Monthly PET Ratios (P=Penman/Pan,

H=Hargreaves/Pan and T=Thornthwaite/Pan) for Tha Phra
Khon Kaen.
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well below pan during the dry season.. Penman and Hargreaves 'PE.'I“ canpare B
favorably with 80 percent of pan However, there are differences at local sta- .

tions.

Some ccmments are in order. ’Ihe ]arge.variability of PEI' durinc; the dry

season as canpared to PE'I' variability during the wet seas seems to be asso-- ’
clated with temperature variability. , Fbr example, during the rainy season, sta-‘ |
tion mean temperatures vary by about 2—3°C from year-to-year, but as much 6-7°C
durlng the dry scason. Evaporation rates are also higher during the dry seasons;';fj'
(5-8 mm per day) compared to the wet season (U4-7 mm per day).
Preliminary findings include: :
1) The modified Perman method and 80 percent pan evaporation appear to be '.}fl‘i;‘.
acceptable models for estlinating PET in Northeast- Thailand. '.[he I-Iargreaves Bl
method produces the next best results and the Thornthwalte method probably'
underestimates PET during the dry season and overestimates PET during the wet
season. .v , S
2) Mean PEI‘ values can probably be used instead of individual calculations ', "
for many applications, e.g., soil moisture budget calculations. Rainfall is S
much more variable than PET or Pan. R
3) PEI‘ can be estimated at data sparse locations by adjusting estimated
PET's with the ratios of PET to pan or by Iinterpolating PET and accounting for' -
elevation changes. . ‘ -
) Local station characteristics must be considered when interpolating or
| estimating PFT for soll molsture or land use studles. |
C. PET Estimates at Synoptic Statlons 7 ; o
The above findings at the agrometeorological stations suggested that monthlylf-‘f»
mean PET could be estimated at selected synoptic stations. Figures l-l 5a—h '



20w

210

o
o
N -] ‘

— f_
v
o.

L

PET/R(mm)
) ; : | ’
S

vavom.

NORTHEAST THAILAND
NORMAL PET COMPARISONS
KHON KAEN

F1GURE 4 .5a

Normal PET Comparisons for Penman '(P), Thornthwaite (T), Hargreaves-(H);ﬁ:
Linacre (L), Modified Linacre (C), Antal (A) and Priestley (S) Methods -

at Khon Kaen. Normal Rainfall(R) and Pan Evaporation (E) Values are
also Showm.
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" FIGURE 4.5b

NORTHEAST THAILAND
NORMAL PET COMPARISONS
LOEI

mmeoo

Normal PET Comparisons for Penman (P), Thornthwaite (D), Haf
Linacre (L), Modified Linacre (C), Antal (A) and Priestle
at Loei. Normal Rainfall (R) and»Pan Evaporation (E) Val

grea;éq (H);
y (S) Methods-

ues are . 0
also Shownm. , e



NORTHEAST THAILAND
NORMAL PET COMPARISONS
NAKHON RATCHASIMA
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B FIGURE 4.5c Normal PET Comparisons for Penman (P), Thornthwaite. (T), Hargreaves’ (H),
. Linacre (L), Modified Linacre (C), Antal (A) and Priestley (S) Methods

at Nakhon Ratchasima. Normal Rainfall /R) and Pan Evuporation (E) Values -
are also Shown.
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- FIGURE 4.5d

NORTHEAST THAILAND

NORMAL PET COMPARISONS
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Normal PET Comparisons for Penman (P), Thornthwaite m, Hargreaves (H);ir,j
Linacre (L), Modified Linacre (C), Antal (A) and Priestley (S) Methods

at Nakhon Phanom. Normal Rainfall (R) and Pan Evaporation (E) Values
are also Shown. ’ S
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.- FIGURE 4 .5e Normal PET Comparisons for Penman (P), Thornthwaite (D, Hargreaves (H)
' Linacre (L), Modified Linacre (C), Antal (A) and Priestley (S) Method
at Roi Et. Normal Rainfall (R) and Pan Evaporation (E) Values are -
also Shown. ) D
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ffFICURE 4.5f Normal PET Comparisons for Penman (P), Thornthwaite (T), Hargreavésf(ﬁb,
TR Linacre (L), Modified Linacre (C), Antal (A) and Priestley (S) Methods -

at Sakhoa Nakhon. Normal Rainfall (R) and Pan Evaporation (E) Values
are also Shown. S
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FIGURE 4 .5g Normal PET Comparisons for P
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FIGURE 4.5h Normal PET Comparisons for Penman (?), Thornthwaite (T), Hargreaves (H).
Linacre (L), Modified Linacre (C), Antal (A). and Priestley (S) Methods

at Ubon Ratchathani. Normal Rainfall (R) and Pan Evaporation (E) Vaylu‘es‘i“
are also Shown. o8



are similar' to Figures 4 la-c and show PE‘I‘ ~stimates (Perman,' Har'gr'eaves,
Thornthwaite, Priestley, modified Linacr-e and AntaJ.), pan evaporation and rain-
fall. The findings are similar- except the Antal and modif‘ied Linacre methods
are considered to be suspect. | :

D. Climatic Diagrams R L

The monthly means of‘ PET (Perman method) s estimated actual evapotr'anspir'a-
tion (AFI‘) and t‘ainfall at each agmmeteor'ological station were plotted as shown
in Figut'es 4.6a~c. The values of AET were determined from the PaJmer' two-layer'
model. These plots are called climatic diagrams.

The climatic diagrams illustrate the general water suppiy (pr'ecipit_ation)
and the water demand (AET); hence, general periods of v»atei' deficit or water
surplus are indicated. The diagrams represent one tool for application in land
use studies. For example, in Figure 4.6b, the climatic diagram for the Sakhon
Nakhon agrometeorological station suggests that water is adequate for the crops
durlng May to September. This contrasts with October to March when water defi-
cits will usually be experienced. The diagram provides general information on
the crop calendar and growing season at Sakhon Nakhon. Planting should begin
during May to avold water deficit problems.

These dlagrams could be made more useful if monthly mean soil moisture esti-
mates were included. As previously discussed, the diagram could be determined
for a particular crop by using crop coefficients. Finally, diagrams can be
determined for other time periods such as decadal or weekly intervals. The
'diagr'am can be calculated each season for use in assessments and making an ana-
- 1ysis for irrigation scheduling.

The climatic diagrams should be used along with other agroclimatic tools for
| assessing climatic impact or in land and water r'esource management studies. For
example, the diagrams complement agrdciimatic/cmbi cohdition index models and
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statistical crop yield fbrecast models used for assessing climate ﬂnpact on
crops. There are also many different tools for application to land and water
management questions. For example, the R-Index has been widely used in land
sultability studies. g R

The Moisture Availability Index (MAI) has been developed bv Hargreaves
(1977) for use in land classification studies. Whe MAT 1s defined as };1

| | = PD/PET
‘where ’;"HPD’ 1s the dependable rainfall, and

. PET is potential evapotranspiration. e

Hargreaves (1977) has shown that PD should be taken as the nonthly rainfall
amount which has a 0.75 probability level of occurrence, fOr example as esti-
mated by the gamma probabllity distribution. ~H‘e further showed that PD is
essentlally equlvalent to the 75th percentile which can be determined by ranking
the monthly rainfall data. If time-series monthly rainfall data are not
available, Hargreaves has developed statistical equations which can be used to
adjust the "normal" rainfall amount to the 75th percentile estimate.



CLIMATIC IMPACT ASSESSENT mDELINc RESULTS -

Climatic impact assessment models which wer-e developed for' Nor'theast
'Ihailand include 1) agroclimatic/crop condition indices for' rice and maize,
2) soil moisture assessment procedures and 3) statistical climate/crop yield
forecast models for main season rice and maize. These assessment models are
based on relationships which reflect the blological (or agronomic) response of
the crop to moisture and tetnperature ananalies during the growing season, pan-
ticular'ly during the critical flower'ing/repr'oductive crop scages. Although all
the models require thorough test and evaluation, they provide a foundation
for assessing climatic Impact on crops during the growlng season. " :

This Chapter includes information on the history of crop yield modeling ).

analytic steps for model development, discussion on the proposed assessment%‘fg'k
models for Northeast Thalland and suggestions for' test and evaluation of the
models. .’
A. Backg*r'oxmdv

Dur'ing the decade of the 1970'3, signif'icant advances were made in the devel-
opment and application of climatic impact assessment models for agr'iculture.
The success of applied modeling is associated with the increased availability of
canput‘er"s‘. Which pemitted scientists to develop the models plus the critical
need for climate impact information. Decilsion makers, planners arx econamists
have come to recognize that this approach can provide timely, reliable and yet
Inexpensive information concerning climatic impact on crop ylelds and agri-
cultural production. It has becane recognized that these models can supplement
and canplement other information sources, e.g., crop information sour'ces ‘};‘
including farm and marketing reports, probability surveys involving ar}'ea'_’fainn
analysis, census, demand side economic analysis and others. | e

99



Models ar'e also being used to provide early waming of potentially »
disastr'ous food shortages resulting from severe dr'ought. For example, the
United Nations, Food and Agricultural Organization (UN/FAQ) and the U.s.
National Oceanic ar‘l Atmospheric Administration, Assessment and Information
Services Center (AISC) are two organizations involved in this type of effor't.
‘Ihe AISC progr'am provides support to the Office of U.S. Fbr'eign Disaster' -
Assistance, Agency for' Intemational Developnent (AID/OF‘DA) (Steyaert et al
1981) ' |

'I’ypes of Cr-op Yield Models

‘Iher'e ar'e essentially three types of cr'op yield models'l 1) statistical
climate/cr'op yield models, 2) agroclimatic/cr'op condition index models and 3)
'the phenologic or "process" models. :

‘ ‘Ihe statistical model is based on: nn:ltiple linear regression analysis using

. :‘histor'ic climatic data and crop yield. 'Ihese models provide absolute yield

for-ecasts. Statistical models have. been developed or at least attempted for
many geographic regions in the wor'ld particularly major grain producing areas.

Some of the crops modeled include wheat com, bar'ley, soybeans , sor-ghmn/millet
l"«;"'vr'ice, cotton, sun.f‘lower', flax, gr'oundnuts ’ sesame, sugar'cane, oil palm and
doﬂmm& o G W T ,,"" | ._‘ej,l

| 'Ihe second type of model is the agr'oclimatic/crop condition index which is

B 'also based on histor-ic climatic data. 'Ihis appr-oach has beccme incr'easingly

_> .popular' to assess cr'op conditions and to obtain r'elative crop yield information.

The Index 1s based wn. an agr'oclimatic var'iable such as cumulative precipitation,
'PET, EI'/PEI' soil moistur'e, and others which is directly assoclated with the
, year'-to-year- variations in crop yleld. The index provides a measure of climatic

impact on the crop, particularly for drought 'impact assessment.



The agroclimatic vamable on which the '?-index is- based could be viewed as

that predictor variable which would pri wuce a -statistically significant
regression model ir reliable yield data were available.k 'Ihe choice of the
proper agroclimatic variable can be determined by: 1) knowledge of those clima-
tic conditions which determine yleld, particularly in marginal, semi-;ar'id pro-
duction reglons where crops are rainfed, 2) inf'omation on the appropriate .
variables determined by regression analysis for similar regions and 3) episodic
event data on the histor'ical causes (both weather' and non-weather factor's) of
crop failure or bumper crops. For example, published reports, newspaper
articles, discussions with farmers and other sources of information can be used
to assemble these qualitative accounts for many different years. Fpisodic data
can also be used to interpret or "calibrate" the indices for a particular
region. For example, the index can be camputed from 20-30 years of historic
climatic data and plotted as a time-series. The values of the index are |
entirely relative and can be expressed in raw rumbers, percent of normal, per-
cent of scme base year, percentiles, standard deviations, etec. FEpisodic reports
on the fallure of crops due to drought may suggest for exarnple s that
"historically crop fallure is associated with index values which are below the
20th per'centile or equivalently A0 percent of normal." | |

The third type of model 1s the phenologic or "process" model which is based
on plant processes such as photosynthesis. Although these models are still in
the research and development stage, they show promise. They were designed pri-
marily to simulate the growth and developnen’c of a‘ plant, for example, cotton,
maize, wheat and sorghum. The models have been used as a farm mnagemen’c tool,

for example, to examine various stt'_ategies for increasing production. The.
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models are being ‘tested to determine if the& can be used to provide assessment
1nfomation on crop phenology and relative ylelds for a' lat'gé Aar'ea such as a
pfovince. The models work best in the regions where they were developed, but
can be potentially adapted for application to other areas.

Applisations B T

‘The statlstical crop models and the agmél:l.matic/é‘r‘ob{ édﬁdifioh iﬁtd‘ex models
are primarily drought impact models. Excessive nbisit‘u’r'e or f’loodi.ng “c'onditions
é.re uwsually quite difficult to model. However, a sld.l'lved analyst can use the
models to provide very useful crop yield information. 'ihe capabllities (when
the model works) and limitations (when the model does not work) of the model
must be used as guldelines for interpreting the output of the model.

Statistical climate/crop yleld models can be used for other applications.
For example, lcng-term records of climatic data can be used to simulate yield
well beyond the period of record for observed yield data. Yield 1is an integra-
tor of climate and the model converts climatic data into simulated yleld.
Simulated ylelds can be used to determine the risk of crop fallure, estimate
probabilities of crop failure (2 or 3 consecutive years » ete.), estimate various
probabilities for simultaneous crop failure in two or more regions and in the
analysis of climatic trend. For example, an often overlooked fact is that
trends in yleld or production can also be associated with long-term trends in
rainfall. Sometimes trend in yleld due to climatic trend can also be associated
wi_th _tfend in yleld due to improved technology or decreased soil fertility.

Steyaet't, Ravelo and Achutuni (1979) used a statistical crop yleld model to
investigate the vulnerability of maize to drought in Haitl due to soil erosion.

- They fqund that soil erosion (associated with deforestation) and the reduced



water holding capatity of the soil resulted infincre ed vulnerability of maize f

to drought i.e., shallow soils cannot store mucj water:to carry the crop

through dry spells. , .

Crop yield models can be important tools fbr land use studies or analysis of
climatic change (What happens to yleld if rainfall decreases by 50 percent?).
The models can Increase awareness and knowledge about those climatic conditions:d
which affect yleld. Finally, the models can in some cases be used as a basis fbrf
farmer's advisoriles, e.g., reconmended planting date, irrigation scheduling,
fertilizer applications (see Steyaert et al, 1981)

B. Analytic Steps to Model Development | ‘ ,

Year-to-year changes in crop yleld can be caused by weather events (frost
flooding, winds, etc), climate (drought, anomalously "wet" years, low solar
radiation, etc.), management decisions (planting date, weed and pest control,'_.l
water control, tillage practices, etec.), and/or technology (variety, fErtilizer ,
and pesticide applications, irrigation, etc.). These factors plus soil detene ,
mine the potentlal yleld. Trends in yleld can be assoclated with elther changes
in technology (e.g., increased technology impact each year), trend in climateeon'
both.

The above factors suggest the need for several different types of data
bases: meteorological, crop statistics (area, yleld and production), technology
and eplsodic as previously described. Detalled information on crop calendars
and agricultural practices are also necessary.

The first requirement is to assemble the available data and thoroughly per-
form quality control checks. The rellability and adequacy of meteorologioaloandf
yleld data must be determined. Too much emphasls cannot be placed on this step,’

The modeler must become very famillar with agricultural practices and the |

factors which cause yleld variability. The candidate predictor variables, role 2
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of technology, and significance of decadal monthly or seasonal predictor
variables must be detemined. '

In the traditional statistical climate/crop yileld models, the basic ‘predic-
tor variables are monthly precipitation, temperatures or derived indices such a
the R-Index. If technology has caused a time trend iIn yleld, a time or year
'term has traditionally been used a.s a surrogate variable for technology The
time trend variable can be included as a predictor variable in the model
development. - _ | 4 ‘ o

Scatcer diagrams and 1inear corlrelations are used tov select preliminary pre-
dictor variables which must be statistically nelated to yleld as well as blolo-
gically related to the crop. ILinear regression analysis is used to_de?elop the
model. The final models must be tested and evaluated. Reist
| Some of the advantages and disadvantages of statistical climate/crop yield
| models are:

Disadvantages

1) They use a fixed crop calendar, 1. e., it is a.ssumed that the planting
and vegetative growth stages, etc., occur at the same time each year.
Therefore, 1f a delay in planting occurs s the model may not be able to
respond. AR

- 2) Monthly data are often used. Crops are also responsive to more frequent

| changes in the weather or climate. i

~ '3) Shorter perlod weather phenomena, especially episodes such as extreme
temperatures » high winds, freeze, or f'looding cannot be modeled very
| well | e

‘ ll) i F‘pisodes usua__ly do not occur frequently enough to do a quantitative
: {’f,analysis. . v ' | L



5) Regression models tend to predic*:ff”,f:_ se 't to “ i'f'do not.
’ "'predict extremes very well. 'Ihe ;models should not be "used'_ to_:pr :
, ) independently outside of the range data. ; . X |
6) The models use linear trend as a surrogate for technolog&.* li‘inoty .‘
ob,jectively specif‘ied, the trend term can be very misleading in the B
developnent and use of the model. Linear trend 1s used because the-
,technology data are generally not ava:L'Lable or are of low quality.
Furthermore, no one has devised a statistical method of‘ canbining ‘
‘weather and technology data. o -

7) Future climate/crop relationships may change from historical rela-
tionships used to develop the model. F'or‘example, varieties could. 'l
change such as traditional to high yielding The climatic responses
could be different.

Advantages

1) These models are based on the statistical/agronanicv/physical signifi-
cance between the climatic data and crop yleld data. Physical signifi-
cance means that any weather or climatic variable used in the model has
a high degree of biological relationship with kmown effect on the crop.

2) Models represent straight-forward ‘relationships that make minimal

~ assumptions and permit the yield data and climatic data to define the
| _rnodel according to historical interrelationships. They make the maximum
“ "'»‘.,use of historical climatic data and yleld which 1s an Integrator of cli-
,“Q“"'ymate. RN T -

3);'?"Ihe models are inexpensive to operate and produce usef‘ul information,

:particularly if they are evaluated according to strengths and wealmesses

a ,‘]along with other crop yield or crop condition forecast procedures., ’Ihe
,models should be. used to supplement other sources of inf'ormation.
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C. Agroclimatic/Crop Condition Indices

Agroclimatic/crop condition indices based on the GMI and YMI were developed
for assessing drought impact. The GMI was calculated at each of the 24 meteoro-
logical stations indicated in Figure 3.1. The YMI for main season maize and l
rice was aleo calculated at these same stations. Roth indices should be used,ih
preparing climatic impact asseesments.

1. Generalized Monsoon Index (GMI)

This monsoon index is based on June through September monthly precipitation
data. The welghts for each month are 0.125 for June, 0.125 for July, 0.50 for
August and 0.25 for September. The index is accumulated at the end of each
month.,

The monthly rainfall data (Pl=Jan, P2=Feb, etc.) for 1979 and the associated
sample means from the period of record.(NPl-Jan, NP2=Feb, etc.) at the meteoro-
logical statlons are indicated in Table 5.1. These data were'also listed by
station.

Table 5.2 shows the calculated GMI for l979 at these statlons. The GMI is
expressed in millimeters at the end of each time period (GMI P6, GMI P?, GMI PR
and GMI P9). The "normal" (1.e., sample mean) GMI at each period is provided:
NGMI_?6 at the end of June, NGMI P7 at the end of July, etc. The percent of
normal GMI for 1979 at each station is shown: PNGMI_P6 for June, FNGMI P7 for
July, ete. The 1979 GMI values at each station are also expressed in percen-
tiles which were determined from the historic record at each station. The per-
centlile variable is PLGMI_?6 for June, PLGMI P7 for July, etc.

Table 5.3 shows the GMI at Chalyaphum for each year during the period
1957-1981. The variables named are the same as in Table 5.2 and the values for
1979 at Chalyaphum agree in both tables.



0BSERVED AND NORMAL 2RECIPITATION {MM.) BY STATIONS

YEAR=1979 soeecoammmaca-

NORTHEAST

REGION

-------------f------'--'COUNTRY=THAILAND

STATION

P2 93 P4 PS P6 P7 P8 P9 P10

Pl

LN

DN=NMF T OMOO

L NMIMOE OO M ORI g~

K OUPSMO NN FOUMMO
ODDN~~INLT FTNON O
- 0Ny Y

“49040000500W032 bo bomo |

SNmNnANI AL O~ Sna Bthoa e ).

OM —~FOO
N U~
ko bunao )

O~

[3¥ (3]

~NLNN .

e ona~n~omomoem bo MNooo |
CN~OC T INMNO O MOaWN
=y —t et POt el B ]
VNS OO MO ™M M e )
OUNOQVNI O NOQ O~ OO OO
et (U F Ut P ot POUN o=tP OISt
NP TMOOCOO =@ MMV~ |
OO O~NIINMICDO M~ SN TOMe
OO NN N~ =Y M AL
MoounMo oot o~rNg b bmoo |
9606189b595278 o0 NSOV
-t oy ] =t (\Jomtome
20208008250751 e bomm |
g gt g =4
57090910847706.63 bone )
[To ] llall N e TN
L OO0 00QmONIT e Pt DOm0 |
[N] xz x z o
L T = O v o =z
: ¥ « T F7> > T 3
x VX =g Q ¥ X o=
D=t ZZre £ NTO=N L -~z
TIAC CWT OZ<CQAZI~ ZW qQ<Z
1AXITZOCQA 4<T. OX« ¥ X¥TIIO
ELDUX X VNITOZxXYX+-Z DU
> N x <0 WO Z=— -
=Y LT Z 0= IOICLT O~ LTt 20
EALCO JIQUIILE XY I X ZZ =Y T<XOnN
ITITIAXILCOCD <aQICam~IIT 0O
WVOUVUXY XY IX T ZZZ 20NN~ D)>-

L ANOM S OO M@ DD NP OF

. NSNS DO O~ SUINM N —~DO0$ MO DD

NP3 NP4 NPS NP6 NP7 NP8 NP9

NP2

STATION

=t e 4 semiet

F O NGO IP NMIO P~ O3S O DD M™M
Qe N D=t = 1N D DD D O NANID DD =0
IV N U NAIMUM M NN M

@IICINVDR T VNNANON ~DOUNO T~ DO MM
;IO —~ONC~MCNINNOVOONOY
ot b gt 0t (\J (\J rt ot el \J (V=L = YU O U U OV

N =IO NCO TG O DO OO $
LN~ OO LN 3O F O O O e mi O VB I
ot et ot on ) [\ (\S ot ot onmg gt (\ ] ot B e (\J =t NI OV O\t (] (\J (L.

NMCCONMOOOVNDNIFNOMNOMQOTVNOS
= =M@ O QTN NO O S O0
ot gt omg gt (\I(\ et pnms gt gt (V] 0t o ot (\J oot oot (\J (\J ot om0\ (\J =t

NINM -~ N0 T ONA NI 3 OF (mtomt i (N OO
GOV O RTNMICNCCMOTNONC
?A =t (\J =t (\J ot (\ ] st ot one(\ | (\] =0

CITTDOONNION O ONDDOVFTHNCOO
OB~ OND O ODMO T OO OO D DO
—

TNMSOT IO OMMONSMOM IO NON
MOINMMM MM ST OINITTTNTOSNNNE SN

NDNS OO VT ONC DM OMOTC O

—\Jrtpmt  oty=do=d §O

NG
KHON
NI
1

S
H
G
I
S

R

N

A

)

N

A

I

N
KET
HATHA

HAN
ON

X
15 1 b

M
A
T
9

LI IIONWT ¥
UHHHAHHOOAW

Xz
qCITa~=SX 0O<
TOOLVYX XY _IX 2z

x
-
Zzz

N .

Northeast Thailand

Observed (Pl. P2, etc.) and Normal (NP1,

NP2, etc.) Station Rainfall (mm) for 1979.

TABLE 5.1



108

P
o~ nunu g
nn o~ .ulu i
o EEEE & aor—o k
oG 8
CXR  temretm I
T Faxx Z 0ZOT—0 b
hocd ..
1 Y .
o un :
- W |
L 4 . ’
ZI\ m SO Emn0 -
L e
e s
‘kwxﬂ A RADE D
ST O o
Lx O v
AR QA ZOI—0
e x C
;Ea,, . T
‘o, G ZOTe o

oz o

<=====2-coe COUNTRY=THAILAND

LA e —OZ

b= W x a=C)

IDHNI O TV ONDTUOD i thooo |
IO MM N MM OCo .
NNV O IO ~~DNE I~M ouno |
DOO~OONO DO ODDO OD® DOMD
- r~t—t . ot ot
OO—=MMNO OO N FTODNOORE 10Tr~M |
oD NN DOC O\ NDMO —~MILND  —NIO -
U ottt A (U et OO s T — IO CUNIOS
Ot 3O MIOOD 00 WO oo |
NINO D~ DD O ONOT (M OO~
mtrmtomt et (VN st et (\J ot T ottt (UNS o~ I e
NI G e OO OOV—~ON Mo kMmN |}
AN MIO—T T I oo
boron—~nMmmomi—~s km tumawn |
OORND—~D O DTN DD DO I
-t -t * —
OO O ~MOODNSMO N~ thov~ng §
MO MOMNMUNINCAONMIM—~ T ITNO
| ot o=t ittt st et (\] T et St e 0 e (IO
RO ONC O —~O N praoony |
CONUNINC I ~OI~CLT LINO  onean
. s ot gt ot gt et et (V) it =\ ot et (%)
rNemoomotnoonNI s~ LnM bouno |
FEDINONDMIUN LD~~~ 30
LN OTDO~MOOICNND DD =D 1
CONDOC~NONO-2O WV~ SO0
— — gl —t - — oy g  guetewd sl
~~ODDONONDO—~F O oo |
SONNIININIS IS D M= MWD S On
o=t
LGN ~ANoor~T0oI~ ho W~oo |
CMNMNO T AP MO =—NE M~ IS
—
UL (= PO LT OO IN =0 e |
OO OO0 NN NG Q@O N
Do~ NSONO0M o e )
NANOCNCNONSOFICT O~ MDD~
gttt ptoq (\Jorte—t ot =t ertoto=d
NONTOON~N I INT —O -0 e |
O ettt (N AU I (U i D — MU IO
MO0 oI NINM—~NOE to oo~ 1
NN~ N~ O M ULN MINNg
o
w X - = [
< = L A0 9 O <z
¥ <« X XZ Z X <
x n X =g o X p o)
Skt ZZ— < _NTO=—N D= I
FTdd dIILT 740 Zdm— ZW aa>
COXILTZDI0. <L _ OXL ¥ ITIXO
XTI DO—~XX VTO2XI—Z DUT

e Y LT Z D DL L OO TN~ qCZO

IO ICONW I XX ZOD XS
UHHHAHHOOAWN

xZ
g g
DOVVX XXX JSX Zzz

xIaxoun

NPRSSSTUUY

ysis During the 1979 Southwest Monsoon

TABLE 5.2 Generalized Monsoon Index Anal

Season for Stations in Northeast Thailand.



(‘souTtHaE3FIN ! ngiﬁf;}f

‘GENERALIZED
. GMI COEFFICIENTS:

109

IOL—0. By NPT ~DOOIOT DO~ N—TNOPNM

;1,006690934906#07054669055....-
Y NS O OO O UNMA —~0 COC I~ OO D

g gt o=l Pt gt gt o= — ot ot =4

et d ol e Do o Lelte Foltellallo o lVe Vo TVol¥o IVa TVo Yo lro 1W< N I I I |
0 0 DD VDV VDN D DDVRN VRV VOV VVVDQ
papowpasinspn

o MO N D O MNI~MO O~Nsro—~nora | ) )
OI=0 B AUINMIINOOCO OOVCT OO —~ 3 O
) N O\ Ot ot (SO O\ ot (N mtomct (\J et (\ ] ot et snt oot ot (\J (\ ] st

-
2
x
o
o <
- > __ . . OO IOND~NDNN~EITANINE™ §T 11
Wl s A Fmd B OO PP~ ND-DDN—I L D~ (M OOMI
WD :
Z_90. T
2907 Q )
"Nan | L. S CANNLDD=ODM~DO =N NS~ T} | ITL
2 AZVYX—Y 1699793214078936167816874
NN O ) P ottt et =t -t
[ )
N - .
N NN < .
ﬂ M VODVVODVDDDDDOD DOV DVDCOMO | | )}

ZO X0 o 0000000000000000000000000
l\l. ot

Relpdea o

| ol ] e O PPN ~OP OIS INI~—~a TN~~~ 1 1)

OI=0 1790804316179946268827884
P guf on— bl g gl gl gmg

A JOX~0 M CUNOUIRDTOI~UROITOINN NP

QLZOE=O I+ ~OCNMS —~NNDOM LT —~ODOP DOV O ~INT
Ll B I P e ) —t— -t e N =

REGION=NORTHEAST

B L T R e e e
.NGMI6Tl333333333333333333333333

OIS F D10 -2 IO DT DN AN
& P (T NN E IO IO IT =

N @ =D T = OO U=T  ONMIPDO

DO OIS MO ~ONDOM —~MoonuN § ) 1 T
OV P LT O 2 D0 OO~ OO N O T D NINLOD MU ™
l

— oy o gt e gt — ol gl gy

'COUNTRY=THAILAND

. D OOOOVIVNDVODDDVODDOmoooo § I 11
—y gy o—t - pu—y pu—y -

@~ SO NDDNTOONPUNOL e TN 1 1)
rt(\Jo\Jomt ot bt NIV (= (\J o=t (\Josome (\I\IT)

M O O~NM I NOMO O (\IM P NOM DO~ NM-2UN
NNV VOO OO D ONONPSIPAS AP OO NDD

Py g pamtgey

) O ONONODDOOF FONDNNLLNONDON | § 1)1

LI~ 0D OM I DR UM O O~MIS—OND~ | 1)L

NN s QD O DOL DM —tN—=D | I 1] -

| i POV OUN—~ONDAM OO MMM 0P | | | ] -

O CCCCCCCCRCTCTRCCTORRRCR 9999

TABLE 5.3 Historical GeneraliZéd Mbhéan iﬁ&éx (Southwest) Analeig‘far ﬂh;iunnhnm



;éiiﬁf

Tables similar to Table 5 3 have been developed for other. stations and there are
provisions at the bottom of each table for calculating the GMI to nake S
assessments during the period after 1981. | 4 d‘

Figure 5.1 shows the time-series plot of the GMI (expressed 1n percentiles)
at Chalyaphum during the period 1957 and at the end of each assessment month
(6=June, 7=July, etc.). Similar plots have been developed for the other stap
tions. This graphical plot is a most useful way to view the. year-to—year
variations of the GMI at a particular station.

For example, -the percentiles of the GMI at the end of June, July, August and
September during 1981 at Chalyaphum were all below the 10th percentile. This
suggests extremely dry conditions during the growlng season, possibly severe
drought impact at Chalyaphum. Fpisodic event data can be used to verify these
conditions. The GMI for 1980 suggests good monsoon conditions during June and
July, but below normal conditions during August and September. BRecause the GMI
at the end of the heavy monsoon rainfall months of August and September is about
the 30th percentile in 1980, there is a suggestion of moderate drought impact.

The GMI 1s primarily designed to assess drought impact. However, GMI values
,‘1dsbove the 80-90th percentiles may be indicating flooding situations. These need
¥ te-be verified by using episodic data and local experience.

, One of the primary tasks to be accomplished during test and evaluation 1s
‘the_ﬁCalibrated Interpretation" of the GMI (this also applies to the other index
,,modeis). Again, episodic event data and local experience are useful gnides. A
bfeiiminary criteria for the critical thresholds for interpreting the GMI could
be: 1) 90-100th percentile range for possible excessive moisture; 2) 60-90th
percentile range for possible above normal crops, 3) 40-A0th percentile range
for normal crops, 4) 30-U40th percentile range for moderate drought impact on

crops,_5) 20-30th percentile range for drought impact on crops and somewhere
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in the 0-20th percentile»‘r‘é:@é ‘t:her-e could be severe drought impact and maybe
crop failure. | o | |

The GMI was defined for éoﬁthwest ﬁbﬁéoon conditions in Northeast Thailand.
The index could also be def‘iried for pén:!.nsular' regions of Thalland where the
Northeast monsoon provides substantial rainfall.

2. Yield Moisture Index (YMI) |

| r[‘he YMI was determined for main season maize and rice using crop calendar
Information, estimated crop coefficients for Northeast Thailand and monthly
rainfall data at the same stations used in the GMI analysisf Although maize and
rice were chosen, the YMI for other crops that are susceptible to drought could
have also been used. AISC uses the YMI to assess short-cycle crops such as
rice, malze, beans, sorghum, millet, etc., that are vulnerable ‘tvo drought.
Long-cycle, drought resistant crops such as cassava, coﬁ peas, ete., ar-e not
easlly assessed by this index technique. _ | -

The YMI is directly analogous to the GMI; however, the YMI is crop ;_specific
and the GMI pertains to general crop conditions for crops planted during June.
The following tables and figures are directly comparable to thosediscussed
under the GMI. | Sy

The YMI for malze was defined for planting in May, vegetative stavgé_: 1n June
and flowering/reproductive stage in July. The preliminary cr'op coefficients for
each of these érop stages are 0.35 for planting, 0.50 for vegetative and 1.05
for flowering. The YMI 1is accumulated at the end of each stage. The index
value and its relationship to potential drought impact on the crop becames m st
r'elia,b‘ie‘ at the end of flowering.
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Table 5 ’4 and 5. 5 show the YMI for' maize at the stations in Northeast o
Thatland and dm'ing 1979 and at Chaiyaphmn (1957-1981), respectively. 'Ihe 1ndex
is expressed in millimeters at the end of planting (YMI_P), vegetative (YMI V)
and flowering (YMI F). ' "Normal" (or' sample mean) values of the YMI determined.
from the period of r'ecor'd at each station are Indicated, e.g., NYMI I P at

planting, etc.  The per'cent normal values (PNYMI P at the end of the planting-?'
ete.) are indicated. '[he per'centile values for each cmp stage are pr'ovided
(e.g., PLYMI P for planting). |

Figure 5.2 shows the historic plot of the YMI/Nb.ire (in per'centiles) at S
Chaiyaphum. The use of the YMI in assessments and the inter'pr'etation of the YMI
is directly analogous to the discussion in the GMI, except the YMI is specif—, »
ically designed for maize.

The percentlles iIndicated in Figure 5.2 can be interpreted as follows. The
YMI at the end of planting ("P" in Figure 5.2) and end of vegetative crop stage
("v") and flowering ("F") suggest crop conditions during the growing season.

The percentlle value at the end of flowering also suggests relative maize yleld,
i.e., the maize yleld relative to ylelds iIn other years. This type of index | |
information can be converted into an estimate of absolute crop yield; however o
this requires assumptions that are usually are very subjective. Therefore, crop
conditlon assessments should be confined to statements based on relative infor- .:‘
mation (i.e., percentiles, percent of normal index, etc.). It should be noted

that per'cent normal YMI does not equate to percent normal yield.

YMI/RICE

Tables 5.6 and 5.7 plus Figure 5.3 exemplify the developnient of the YIVE[/Riqe o
at individual stations in Northeast Thailand. The analysis is essentially the - .

same as for the YMI/Maize except for the crop calendar and crop coefficients.
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FIGURE 5.2 Percentile Rankings of the Yield Moisture Index for Main Maize ét :
Chaiyaphum by Crop Stage (P=Planting, V=Vegetation and F=Flowering).
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. FIGURE 5.3 Percentile Rankings of the Yield Moisture Index for Main Rice at’
. Chaiyaphum by Crop Stage (T=Transplanting, 1=Vegetative I, 2= -
Vegetative II, F=Flowering, M=Maturity). SR




These include: oy planting in June with a cmp coefficient:;’o_.,u ‘5, 2) vegeta- ';
tion in July with KC of 1.05, 3) f‘lowering in AuguSt with KC of‘ 1 0‘3 and ll)
maturation in September with KC of 0. 95. o

D. Soll Molsture Assessments

The Palmer two-layer soil moisture budget model was used"to estimate soil |
molsture at the agraneteomlogical stations (Figure 3 2) ']he Perman PFT method
was used in estimating the monthly soil moisture budget. 'T‘ne Appendix also con-
tains the results of this analysis.

The soil moisture budget was similar'ly estimated at the- twelve synoptic sta-
tions (Figure 3.1), except that "normal" PET was used ('I‘able 5 8) A

The R-Index (AEI/PET), Soil Moisture Index (SMI) and the Palmer Dr'ought
Index (PDI) were also calcuated at the agrometeorological and synoptic stations
in Northeast Thalland. These indices are by-products of the soil moisture
budgeting process as outlined above (Figure 5.4).

The soll moisture estimates can be incorporated into the 'assessments. The
derived indices may also be useful in crop conditions analysis. However, test
and evaulation must be performed. Specifically, the analysis is based on an
assumed maxirmum available water capacity (AWC) of 100.4 mm In the soll profile.
This generally results in a full profile particularly during August. The impli-
cations must be carefully evaluated.

E. Statistical Climate/Crop Yield Forecast Models for Northeast Thailand

Statistical climate/crop yleld models were developed for maize and main rice
in Northeast Thailand. Although these preliminary models require thorough test
and evaluation, they are promising. Testing should include evaluation of inde-
pendent predictlons for years not in the data base. The predictor variable in
the models should be validated to ensure that they are biologicall related to
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 FIGURE 5.4 Palmer Drought Index Ahaiyéis?fof Surin -
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the crop and reflect vulnerability of the cr'op to climate anomalies which lead
to yield losses. - ;
Monthly precipitation and temperature were used as pr'edicter- vef'iabiles"lﬁ

developing the linear regression models for maize and rice.

The linear regression models have the form:

N

A

Y =a5+3 ajxy
i=1

wher'e :

Y is ‘the predicted yleld (mt/r'al), ' -
ao is the regression constant (1i.e., inter'cept) and et
ai 1s the 1th estlmated regression coef’f’icient for' tﬁe Nth
meteorological variable x4. |
Malze Models

Maize data on area, production and yleld for Northeast Thailand is provided
in Table 5.9. The standardized plot of the data (Figure 5.5) indicates no
significant trend in the yleld. This may be due to: 1) an expansion of the
crop into marginal areas and/or 2) the low level of technological ‘inputs:,to
malze provided by most farmers. | S

The iInput data for modeling malze are shown in Table 5.10. ILinear correla-
tions between yleld and weather variables or detrended yleld and weather
variables are shown in Table 5.11. Malze in Northeast Thalland 1s generally
planted in May and harvested during late August through September.

Time-series plots of P5 8 (May-August rainfall), P5 9 (May-September
rainfall) and T8 (August temperatures) overlayed with yleld are shown in Figures
5.6-5.8. The year 1968 was deleted from the analysis due to the incidence of

pests and disease.
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TABLE 5.9 Area (Rai), Production (Mbtric'Tons) and Yield (MT/Rai) Data

for Mzize in Northeast Thailand.-



NORTHEAST THAILAND
MAIZE: AREA, PRODUCTION, AND YIELD
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FIGURE 5.5 Standardized plot of. Area (A), Production (P) and 'Yield (Y) for 'Maize
i S { Northeast Thailand
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TABLE 5.10 1Input Data for Modeling Maize in Northeast Thailand.
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YIELD-WEATHER CORRELATIONS FOR MAIZE _ o
CORRELATION COEFFICIENTS / PROB > |R| UNDER HO0:3HO=0 / NUMBF OFi OBSERVATIONS

YIELD

127

oTYLD
:Jf;TABLE, 5.11 Correlation Analysis for Maize in Northeast Thailand.
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 CORRELATION COEFFICIEI
A
2
9

| YEAR




NORTHEAST THAILAND
MAIZE: TIME - SERIES OF YIELD AND P5-8
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FIGU'RE 5.6 Time Series of Standardized Maize Yield (Y) and }Iay thrOugh August
, " Rainfall (P5_8) for Northeast Thailand. Lo




NORTHEAST THAILAND
MAIZE: TIME - SERIES OF YIELD AND T8
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" FIGURE 5.7 Time Series of Standardized Maize Yield (Y) and August Temperatures .
(T8) for Northeast Thailand. ' S



NORTHEAST THAILAND
MAIZE: TIME - SERIES OF YIELD AND P5-9
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FIGJRE 5.8 Time Series of Standardized Maize Yield' (Y) and Hay through September
- Rainfall (P5_9) for Northeast Thailand.
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o TWo models were developed for maize in Northeast Thailand.; The first model
(Table 5 12) includes PS 8 and T8. The model explains 58 percent of the
variabllity in yleld and has a standard error of 0.04 mt/rai lhe model fit is
shown in Figure 5.9. This 1is the primary model recanmended for test and eval-
uation. _ ‘

The second model for: maize includes P5 ) 9 and TB as predictor variables
(Table 5 13) Ihis model explains 60 percent of the yield variability and has a
standard error of 0. OM mt/rai Ihe model fit is shown in Figure 5 10.

Rice Model Sl |

Rice data on area, production and yield ﬂor Northeast lhailand is provided
in Table 5.14. 'The standardized plot of the data is shown in Figure 5 11. No
significant trend in the yileld was observed possibly due to an expansion of the
acreage under rice and also due to limited usage of fertilizers.

The input data for modeling main rice are shown in Table 5.15. Correlations
between yleld versus weather variables and detrended yleld versus weather
variables are shwon In Table 5.16. Rice in Northeast Thailand is generally
transplanted In July and harvested during December-January.

‘Tine’series plots of P6-7 (June-July rainfall) and T8 (August tenperature)
are shown in Figures 5.12 and 5.13. The model was developed on 1960-1976 data.

The main rice model is shown in Table 5.17 and includes P6-7, T8 as predic-
tor variables. The model explains 64 percent of the variability in yleld due to
weather and has a standard error of .11 mt/ral. The model fit is shown in
Figure 5.14, The rice model looks pranising and it has to be testedlextensively

prior to operational use. .'3“"naifﬁ | o ¢3fv7;



NORTHEAST THAILAND
MAIZE YIELD MODEL (1)

MODEL: - MODELO1

SSE 0.0193 F RATTO
OFE : PROB>F

DEP VAR: YIELD MSE 0.001995%72 R-SQUARE
PARAMETE STANDARD L

VARIABLE DF ESTIMATE {Rgoq T RATIO
"~ INTERCEPT 1 1,693978 0,888529 1.906
S p5_8 1 o.oooé39}3os 0.,0000899542 2,658
T8 1 -0.0517825 0.031862 -1.814

- TABLE 5.12 Maize Yield Model(l) for Northeast Thailadd Using August
S Temperature (T8) and May through August Rainfall (P5_8).

€T



NORTHEAST THAILAND
MAIZE YIELD MODEL 1

MODEL : YHAT= 1,69 ¢ ,00024% o °5.8 - .06 » 18

, R-SQUARE a S84 S.E = ,06 MT/RA] Lo
- OBSERVED YIELD(MT/RA])- P = PREDICTED YIEI 0(MT/RAL)
‘a

Ry SO PR T R S I AT On
919707719717 13727 1973 1374 1995 19951531573 "1975 T 198n
YEAR o i

' FIGURE 5.9 Northeast' Thailand: Maize Yield Model

( 1)  "ilsﬁin'g August: Tempetatufév (TB):;"
and May through August Rainfall (P58



 COUNTRYSTHAILAND  RESION=NORTHEAST | CROP=MAIZE.

0.019213 F RATIO 7,
: 7710 PROB>F v.ol
0.001901781 R=-SQUARE 0,59

P STANDARD
VAQIABLE o ERROR T RATIO PROB> |
ﬁINTERCEPT 0,861150 2,0027 0,07
PS_9 .00006761572 2.8129 u.0l

TABLE 5 13 Haize ~Yie1d Model (2),.‘_. or . Northeast Thailand Using August Temperatute o
7 : (T8) and May’ through Septembet Rainfall (P5.9). o



NORTHEAST THAILAND
MAIZE YIELD MODEL 2-

MODEL t YHAT = 1.72 + ,0002 ® PS_9 - ,06 18~ -
i R-SAUARE = 60% S.E = ,04 MT/RA] PR
- O = OBSERVED YIELD(MT/RAI) P = PREDICTED YIE) 2(MT/RAL) = =

VIELD (MT/RAD

1957 . 1968::1969..11970°1971" 1972 1973 - 1974 -
' L ' YEAR

1975719761977 1S 1980

:"'-f‘ EIGﬁRE 5.10 Northeast Thailand: Maize Yield Model Using ‘Au‘gué":‘"Téiipefééu{e (T8)
' and May through September Rainfall (P5_9). :
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TABLE 5.14  Area (Rai), Production (Metric Tons) and Yield (Mt/Rai) for Northeast Thailand.
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AREA, PRODUCTION, AND YIELD
RICE
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TABLE 5.15 Input Data for Modeling Main Rice in Northeast Thailand
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ast Thailand (continued).

TABLE 5.16 Correlation \nalysisfor}hin Ricein Noz:th
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. FIGURE 5.13 Time-Series of Standardized Main Rice Yield (Y) énd ‘August Temperai:uré
(T8) for Northeast Thailand. ‘
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MAIN RICE YIELD MODEL

oow. .

0.0
MO e

SSE 0.187100 F RATIO 13

DFE 15 PROB>F 0,0005 -

MSE 0.012473 R-SQUARE Ve6364

ST PARAMETER STANDARD :
VARIABLE . OF ESTIMATE RROR T RATIO PROB>1T L

~ INTERCEPT © - 1 4,758468 2.283286 2.0840 18,0547
p6_71 1 o0,00i664107 0,00040725493 4.0862 0,0010 -
18~ 1 -0.153374 0,081883 -1,8725 U.0807

TABLE 5 17 Hain Rice Yield HodelfforuNbrt easc;Thailand Using August Temperature
L L (T8) ‘and. June through July Rainfall (P6 7) o .
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ﬁFIGURE 5 14 Main Rice Yield Model for Northeast Thail
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Model Simulations

Maize and rice yields for Thailand were simulated over the period 1951—1980 Qlf
using the crop yield models developed earlier, 1967-1980 for maize and 1960—1977{&J
for rice. Simulated ylelds for maize are shown In Figure 5.15 and those fon,“gff:f

rice in Fligure 5.16. These plots are useful in studying the influence of ;*g'rn
weather on crop yleld for the entire period of record, 1951-1981. This pro”e-

dure can also be used to examine yleld variability given fixed technologyi(trend; I
'specification) Finally, the approach can be used to examine the change in '
yleld assocaited with various levels of rainfall,
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FIGURE 5.15 ‘Slmuléced Time-Series of Main Maize Yield for MNortheast Thailand,
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' CHAPTER VI
' ASSESSMFNT PROCFDURES

'Ihis chapter' descr'ibes the structure of climatic :meact assessments, the .

‘ types of assessments proposed for Northeast 'Ihailand the agroclimatic models
display of the data, steps in making an assessment and camments on user.
interpretation of assessments. Test and evaluation procedures for the '_per'iod
May-October 1983 are discussed. l

A. Definition and Assessment Fbrmat

1. Definition

'Ihe climatic Jmpact assessment is a concise’statement which provides decisior
mé.kebs with quantified information on the current or potential effect of climate
and weather variability on some aspect of socio-econamic activity. Assessments
could address agriculture and food security as discussed in this study, other
economic sectors (e.g., fisheries, energy, transportation, construction,
recreation, health, etc.). The assessment provides decision makers with needed
information on climate impact, one of the many factors which influences policy
and economic planning. Assessments represent a method 'for' converting meteor-
ological data into econamic information. This process can be viewed as a means
for interdisciplinary camunication and in many cases pr-cmote interagency
dialogue _

The meteorologist prepares a ba,éic assessment fraﬁ agroclimatic models and
real-time meteorological input data.. | The assessment 1s provided to users such
as food security managers, econamic policy analysts, agricultural statisticians,
e:ﬁtension officlals and others. Tnéy can use the assessment to supplement
information from other sources available to them. E[his process can fr'equentlv

'~ benefit the user's :Lndividual pr'oducts , repor'ts and forecasts. TFor example,

150



the agr'icultuz'al statistician or' economist involved in the rop pr'oduction

and yield for'ecast pr'oblem can "canbine the assessment wit analysis from ‘

area farm sur'vey r'esults, cr'op cutting r'epor'ts, far'mer's r'epor'tw'and other-”data

SOUI'CES .

'Iher'e ar'e no fixed r'ules for' pr'epar'ing a.n assessment "andi‘ it is ver'y impor-

tant to adapt the assessment to indivf _ual user' needs. However', the following
basic structure is r'eccmmended. : ST s |
2. . Format FE.

The format for an assessment includes the following sermential statements:
1) Impact, 2) Per'spective, 3) Model Results , 4) Weather Analysis and 5)
Support Information. Only infor'mation and data relevant to the impact ar'e used
in stateménts 2 through 5. These Justify the impact statement.

"Ihis is the statement which directly cammmnicates needed information to the
: decision maker. The terminology 1s strictly assoclated with the user's

) o discipline.‘ | Preparing the impact statement 1s the most difficult task of“. the

assessor'., It must be obJective and clearly stated.

/ Some example statements could include: 1) there will be a cr'op failur'e in
- \ f Region x due to drought, 2) crop conditions are very poor in Region X and poten-
= tially r'epr'esent the worst case of crop failure in the last 10 years, 3) there
i is the potential for isolated food shortages in Region X due to severe drought,

or' ’-l) agr'icultural crops are in very good condition and the prospects for this

o year' 8 harvest are exceptionally good. If abnormal r'ainfa.ll was a problem In

.the ear'ly part of the growing season, the impact statement could be, ""farmers

~ probably could not plant" or "planting was delayed due to a delayed rainy season

~ (heavy rains)", etc.
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'Ihe :Impact statement does not include any technical discussion of.‘ meteov-
ological events or: data. 'Ihese are described in subsequen" portions of the
assessment. R

Perspective Statement

The perspective statement can be used to qualify the :Impact by describing
the expected scope and magnitude .of the potential problem. Fbr example R the .
statement that a maize crop failure is likely in Region X could be followed by a
statement which describes the favorable situation at other locations within
Region X or other regions in the country. Another example 1is, "this i1s the
worst drought iIn the past 30 years." The decision maker is provided with infor-
mation on, "how large 1s the expected problem?".

Model Results

The perspectlve statement is followed by a discussion which ’1ists_} the quan-
titative results from the assessment models. 'The model could be a drought or
crop condition Index, a statistical crop yleld model or soil moisture infor-
mation. The model output is presented as a percent of normal or percentile rank.
For example, the statement could be, "Agroclimatic/crop condition indices are 60
percent of normal which 1s below the 20th percentile”, or "The southwest monsoon
'index 1s at the 5th percentile which has a probability of occurrence of about
one chance in 20." Decision makers frequently find it useful to know how this

| " year's infor'mation compared to last year (e.g., as a percent of last year) or by

also listing recent good (poor) years which are comparable. For example, an

~ . assessment of crop conditions made at the end of August and descr'ibing con-

. ditlons as bad or worse than conditions in Thailand during 1979 would be well

understood by users.



Weather Analysis

The weather analysis section describes the weather and climatfc conditions
which were assoclated with the 1mpact. Only relevant 1nformation and data are »
provided. Information such as seasonal rainfall amount, monthly rainfall,,trop—ffi
ical storm conditions, etc., are provided. Statements on the behavior of the.f~ |
monsoon (erratic, late arrival, early retreat, etc.,) are included. Thiskis'thgg”
classical weather description.

Support Information

The very last portion of the assessment is optional and provides reliable
support statements taken from secondary sources of information. For example,
reports from the field would be appropriate. News media accounts are generally
not recommended.

B. Types of Assessments for Indonesia '

This study developed three types of assessments including: 1) Drought
Early Warning, 2) Agricultural Crop Condition and 3) Weather Advisories for the
Extension Service. Depending on the user's requirements, the drought early
warning and crop condition assessments can be combined into one report. The
advisory assessment for the extension service should provide weather analyéis in
great detall and considerable information and data Qn‘sQil'moisture. A table, 
providing soil moisture estimates for each month cbuid be included. The o
specific requirements and format desired by users muSt‘be ohtalned.

C. Frequency for Making Assessments | L

The models developed in this study use monthly meteorological data, there—
4 fore, primary assessments are made within about 5 days after the end of each f
g month during the growing season. However, update assessments providing'current |
weather and other qualitative information can also be provided each week or
every two weeks. These help the user maintaln continuity.



154

F‘requently, users requir'e specia.l assessment pepor'ts which elaborate on the .
potential impact problems. r[hese could be 5-10 page repor'ts. G |

~ Assessment models could be developed f‘rom decadal meteorological data'(e.g.,}:
10 day total rainfall) and assessments made ever'y 10 days. | |
D. Assessment Models

Primary R U
The primary assessment models to be tested include the Genepa.lizedl'vionsoon

Index (GMI) for the June-September r'ainy season, the Yield Moisture Index (YMI)
defined for main ralny season maize and rice, monthly soil moisture estimates
deter'mined from the Palmer two-layer model and preliminary statistical
climate/crop yleld models for main rice and maize crops.

The historic indices have been summarilzed in computerized tables and time-
serles plots for each station in Northeast Thailand (see Chapter V for
examples). The index 1s listed for each year and assessment period (GMI: Table
5.3 and Figure 5.1; YMI: Tables 5.5 and 5.7 plus Figures 5.2 and 5.3). Indices
are expressed in raw mumerical form as well as percent normal and percentile
rank. Percentile ranks range from zero to 100. Each table can be used as a
worksheet to compute real-time 1ndex values for the current year (1982, 1983 s

etc ) Current year index values can also be placed on the time-series plots

e f‘or' analysis. The tables and graphs permlt the assessor to easily make can-

par'isons with previous index years.

| Each index has also been summarized in tables which provide index values for
| each location but for a specific year (e.g., see Table 5 2 for' GMI) This is
:uset‘ul in performing a spatial analysis. ) e B |

| Soil molsture tables provide monthly moistur'e estimates f‘or' each layer' in

the soil (see Table 5.8). Y e |
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Secondary models

The climatic diagram and the»Palme. Drought Indexy(PDI) arehvery important;,

secondary assessment tools. , "Ih‘ - ﬁnatic diagr'am can‘;be
-on a computer'. _ s
The climatic diagram" e p graphic for I
is vet'y useful as a tool ‘to.'analyze conditions during «the pr'ogr'ess of; the cr'op

season. N g N o =

The extension service and other users may be interested in recelving this “
information as a regular assessment product. Variables would include monthly
rainfall, nomal Potential Evapotr'anspir'ation (PET), Actual Evapotr'anspiration‘[;
(ART), Soil Moisture (SM) and runoff. Rainfall or soil moistur'e normals could
also be added. | S

_' It is also possible to define normal PET values for 10 day perilods within

each month. These can be used with real-time, decadal rainfall to provide the ;
‘ »b ‘climatic diagram assessment every 10 days. Daily assessments can also be devel-

" ffoped. | For' example, NOAA/AISC conver'ts monthly rainfall nomals into dailv non-
S mals ) ‘Ihis same pr'ocess could be used with PE‘I‘ -

‘ ';;E Display of Data

‘ " In addition to the tables and graphs discussed above for' the index models
| and climatic diagram, there are other' useful mys tO diSpl&Y the data f°" - '»
' enhanced analysis. For example, it 1s useful to pr'epar'e station location maps
s _f' for the Northeast Reglon and to spatially analyze rainfall data and index ,’:

.:'l_ivalues. Rainfall data can be plotted as a per'cent of nonnal for indivudal '
- ‘months or the gr'owing season. Cwnulative "ainfall during the growing season |
R can be displaved on a graph which also shows the nor'mal cumulative rainfall.
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F. Steps for Preparing Assessments

‘ Some of the suggested procedural steps for- pr-epar'ation of' an assessment
include' 5 |
1{)}'

2) B

2

5) ‘:s
ni and interpolate the percentile rank from the tables.
6)

'8)

.Obtain monthly rainfall data for' the assessment stations and conduct

Enter the r'ainfall data into. the tables for the (M,
' Motsture. |
3)

quality control. Perfor'm a spatial analysis. ;;,f _'j 4‘ o

iCalculate the raw values for- the GMI and YMI for' the assessment per'iod

as appropriate.

Calculate soll moisture, AET etc. _ , ‘ o
Use the historic index tables to calculate per'cent of normal (YMI & GMI)

lPlot the GMI and YMI per'centile rank on the historic time-ser'ies plots.
7 |

Determine climatic diagrams for the current year.
Pr'epar‘e maps which indicate the spatial variability of rainfall (per'cent

| normal) and indices (percentile rank).

B ‘9);;',"
: format as outlined above, and

Prepare the assessment using the above results and in the reccmmended

Obtain approval for the assessment and distribute to users'.in the

| Ministry of Agriculture and others, as appropriate.

Conments on Interpretation of Assessments by Users

'I'he assessment should be viewed as an additional source of' information that

Iis available for making decisions on drought early warning, crop condition anal-

:yses and extension services. The assessment only provides information in

' _ potential or actual climatic impact. It does not consider the many other fac-

o tors, for example, which could cause crop yield variabllity. These may include

changes in planted ar'ea, fertilizer- and pesticide applications, var-ieties and



other' management decisions, crop losses due to pests a.r'e, not assessed._ 'Ihe :

) }assessment is most reliable f'or potential dr'ought impact not flooding damage or' '
Qother extreme weather' events. ST
‘ Dr'ought impact can be reliably assessed by about 30 days bef'ore the cr'op
o .’;v‘i‘-har'vest. This may repr'esent as much as 3-6 months lead-time bef'or'e econcmic

impacts. o i
H. Conments on Test and Evaluation o o Lo
It is pr'oposed that the assessment models be tested and evaluated on the |

19,83, southwest monsoon season. Test assessments ‘would be prepared at the end of‘
May, June, July, August, September and October. These would be provided to users.
| The purpose of this test period is to evaluate the models, learn how to

3 interpr'et them, gain experience in preparing the assessment and to establish a .

o dialogue with users. The users needs must be determined and thelr camnents are.

- very necessary.



. CHAPTER VI |
SUMMARY AD RECONMENDATIONS |

| Tnis program 'foeus'ed on'raihfed' agz-iculture 1n Northeast Thailand because of
| 'ite df'ought vulnerability. The climatic imbact asressment models developed
‘dur:Lng this program should be tested and evaluated before operational
assessments are provided to users. Test assessments based on real-time meteoro-
logical data can be provided to Interested users in goverrment. Assessments can
be evaluated and verified according to user comments and reliable field reports.
The ueef'ulness of the agroclimatic indices and models can be determined. Ir
they are satisifactory, operational assessments can be provided. It 1s also
desir'able that similar models be developed for other regions. This can lead to
a national climatic impact assessment program. | -

 The major goal of this assessment program 1s to help decision makers and
.ec‘oncmists mitigate potentiz. climatic impact on crops and the national econany
by providing reliable, timely, yet inexpensive information on potential climatic
impact. The assessments obtained from the models can be made 30 days in advance
before harvesting of crops. This can represent a 3-6 month lead-time before
national and regional economic impacts occur. This should certainly help users
either' in the goverrmental agencies or the public make economic decisione _
ranging from drought mitigation to land use plamriing.

One advantage of these agroclimatic indices and models 1s that they are
simple. The assessments and models are purposely designed for manual operation.
However, it 1s desirable to have camputer facilities for faster and more
_accur-ate pr-ocessing In addition, more inror-mation conceming the phenological
stages of the ma.1.n cr'ops at the pr'ovincial level should be obtained a.nd analyzed
together' with the available climatological 1nformation.- Finally, knowledge of
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»j,local’practices constitute an hnportant requirement for the modeling as well as
ifjfor the testing of the model. " .w‘, ‘ _‘” V‘r' 1kv_ : f: P,': S 7‘
o E The Méteorological Departmawt has agveed to be the NOAA/UMC focal point in 7;
Thailand for this technology transfer program and also to provide climatic .
B impact assessments to appropriate agricultural and economic agenciles. Thus, 57”1
staff or working group in this program should be set up. Cooperation with all
. othen goverrment agencles that deal with agriculture, land use and economics
| ;will help make the program worthwhile. Meetings between the staff and other

 goverrmental officers should be held to determine what other agencies need or

: whether they prefer to have the assessments made for some particular cases,
areas or periods. Exchange of knowledge and real-time data on meteorological
- elements or agricultural information, soil condition, phenological data, yield;g;f
etc., should be encouraged. Local knowledge 1s also important. It can be profai@
vided elther from other government agencles or through field surveys. The |
models and assessments will be of higher efficilency and more accurate if both
the meteorological and agricultural experiment stations are linked together,
l.e., the agricultural stations should have weather instruments installed within:
the area so meteorological elements there can'be observed. As a result, the
models obtained will be well'representedin'tnat reéion and greater efficiency
in assessments can be provided. o | |
The models developed will be tested and evaluated in 1983. Thus, the fivst
trial assessments will be made and their usefulness can be estimated. Some .
adJustments will probably be nade to imporve the models in various areas.
w It is hoped that this technology transfer to Northeast Thailand will help
- the government mitigate potential drought impact on the region as well as the
country. Farly warning and preparedness for severe weather impacts on both |
agriculture and the economy can be made. |
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