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This report by Oranut Paisarnuchapong, Meteorologist, Thailand 
Meteorological Department, describes agroclimatic assessment models developed for 
rainfed agriculture in Northeast Thailand. These models be usedcan to imple
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monitor and assess the impact of weather (drought, flooding, high winds, heat 
stress, etc.) on agriculture. Early 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 strategies for improving food security.
Agroclimatic/crop condition assessments can be provided during the crop growing

season. These represent additional tools to complement and supplement other
information sources used by statisticians and economists to forecast crop pro
duction. Soil moisture estimates can be provided to the extension service. 
These agroclimatic models also offer potential long-term econ(nic benefits 
related to agricultural planning and tural development, e.g., minimizing climate 
risk in land and water resource management. 

Northeast Thailand was chosen for this pilot study because weather and cli
mate are major factors that help determine potential crop productivity and year
to-year variations in agricultural production levels. Also, this proposed
weather assessment system complements ongoing or planned developmental projects
involving rainfed agriculture and secondary food crops. The proposed agrocli
matic assessment system is ready to be tested and evaluated. After successful 
testing, the system can be expanded to include other regions in Thailand. 
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CHAPTER I
 

INODUCTION 

Thailand, located in the heart of the IndochinesePeninsula, produces enough 

frod for its population and is also a major source of world agricultural produc

tion. Agriculture is important to the national economy of Thailand; about 40 

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 percent of crop land used for 

paddy and 22 percent for other field crops. The importance of agriculture to 

the national economy is further illustrated 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 failure and 

a decline in production which affects the national economy and the prosperity of 

the Thai population. One major goal of Thailand is to increase the level of 

agricultural production while reducing the losses due to anomalous climate. The 

focus is on rainfed agriculture. Achieving this goal will contribute maJor 

benefits to the economy of Thailand. 

The success of cropping practices depends on weather and climate, soil pro

perties and the genetic potential of the plant. These factors limit potential 

yield. Year-to-year variations in yield are highly determined by climate, par

ticularly with traditional cultural practices for rainfed crops. 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 economic dislocations and social disturbances. For example, the 

disastrous drought of 1979 severely reduced 1979 crop production levels relative
 

to those of 1978 for rice, cassava and sugarcane. As a result, 1980 agriculture 
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exports were decreased by about 5 percent relative to the previous year. This 

crop failure reduced foreign exchange earnings and complicated balance of trade 

problems associated with the high cost of energy imports. The drought and the 

increased demand for hydroelectric power (related to the cost of enery.y 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 19R0. 

This research focused on Northeast Thailand as a "pilot" study area because 

it is frequently susceptible to crop failures due to flooding and drought. 

Moreover, because of the poverty of the farmers in this region, most crops are 

grown by traditional, rainfed cultural practices, i.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 is the need to 

increase agricultural production 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 is 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, 

economic analysts, agricultural forecasters and extension officials to develop 

strategies to mitigate potential drought impact. These same agroclimatic models 

can contribute to land and water resource management studies for long-term eco

ncmic 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) FAOly warning assessrent reports on potential crop failure due to 

drought or flooding can be used by policy makers and econcaic anal

ysts to mitigate potential climatiec impact on food security and to 

develop alternative strategies in econanic planning. This early, 

warning can represent as much as a 3-6 month lead-time before the 

occurrence of econanic impacts. 

2) Crop condition assessments can be used by agricultural statisticianm 

and econanists to supplement and complement other information 

sources (e.g., field reports, probability sampling, crop cutting and
 

market analysis) for forecasting crop production. For example, 

reliable crop condition information can be provided by about 30 

days before the harvest begins. 

3) Weather advisories and crop condition reports can be used by exten. 

sion officials as one source of information for making recamen

dations to farmers on planting dates, irrigation scheduling, pest 

management practices and/or fertilizer application. 

4) Agroclimatic tools (plant water stress estimates, crop water 

requirement and climatic risk analysis) can contribute to land and 

water resource management studies for agricultural planning and 

rural development. 

This report is written to provide background and technical information for 

those potentially involved with agroclimatic nodeling and preparing the 

assessments. Chapter II provides agroclimatic background information for the 

Northeast, i.e., the physical environment and agricultural practices. The data 

bases and methodology are discussed in Chapter III with some analytic results 

discussed in Chapter IV. Crop modeling results and climatic impact assessment 
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procedures can be found in Chapters V and VI, respectively. Recamiendations for 

program implementation and future work are discussed in Chapter VII. Chapter 

VIII provides concluding remarks. Substantial data bases are provided in 

various Appendices and Supplements. 

The goal is to provide users in goverrinent agencies with assessments 

based on these models. Although assessments must be thoroughly tested and eval

uated under quasi-operational conditions, 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 complement and supplement existing or planned 

information sources used for economic planning and decision making. 



CHAPTFR II
 

AGROCLIMATIC BACKGROUND FOR
 
NORTIEAST T1HAILAND
 

A. Physical Enviroment 

1. Administrative Regions 

The Northeast Region of Thailand is approximately located between 14 to 

18N latitude and 101 to 106OE longitude and has an area of 168,854 square kilo

meters (about 33 percent of the country). It is bounded by the Mekong River on 

the north and east, and the Phanan Dongrak escarpnent and San Kamphaeng moun

tains on the south, and the Petchabun and Dong Phyayen ridge on the west. 

According to the Office of Agricultural Economics, Ministry of Agriculture and 

Cooperatives, the 16 provinces in the Northeast Region (Figure 2.1) can be 

classified into five agroeconmic zones (Table 2.1 and Figure 2.2). 

Table 2.1: Agroeconmic Zones in Northeast Thailand 

Zone Provinces
 

I 'Nakhon Phann, Loei, Nong Khai, 

Sakhon Nakhon, Udon Thani 

2 Ubon Ratchathani, Yasothon 

3 Kalasin, Khon Kaen, Roi Et, Maha Sarak-am 

4 Buri Ram, Si Sa Ket, Surin 

5 Chaiyaphum, Nakhon Ratchasima 

5
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Four of these provinces are off special interest because rainfall 

agricultural development 

Si Sa Ket, Roi Et and Nak

work is 

hon Phan

likely in the future. They are: 

ca. 

Chalyaphum, 

2. Physical Envirornment 

Northeast Thailand is mostly a large plateau region flanked to the west by 

the Phetchabun Mountains and to the south by the Phanam Dongrak Mountains 

(Figure 2.3). Elevations range fran 800-1300 m on the west to 600-700 m on the 

south. A secondary mountain range, Phu Phan, separates the Khorat Plateau fran 

the Sakhon Basin which includes Sakhon Nakhon, Nakhon Phanam, Nong Khai and Udoz 

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 RO 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 northeLm slopes of 

the Phanam Dongrak Mountains. 'The Chi River drains the western portion of the 

plain and most of the interior. It flows to the southeast until it reaches the 

Num River near Ubon Ratchathani. The canbined drainage area of the two rivers 

is about 125,500 square kilcmeters. .he northern and eastern fringes of the 

region are drained by several mall rivers such as Nam Loei, 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-defined rainy seasons and a tran

sitional season as follows.
 



9 

NORTHEAST THAILAND
 
TOPOGRAPHY AND RIVERS 

1~0 HA 0 

- 'J '. 0

US 

wj 

I

- ATRAT 

a 
z 

zdo 

0PHANOM DONGRAK AND SAN KAMPHAENO 

300m IOUNTAINS 

00m 

lOOm 

FIGURE 2.3 Topography and Rivers in Nrtheast Thailand. 



10
 

) Rainy season 

The length of the rainy season depends on the duration (onset to retreat) of 

the southwest monsoon. The onset begins approximately in the middle of May. 

The rainy season usually ends by the middle of October with the retreat of the 

monsoon. High humidity and rainfall are associated with the monsoon. Maximu= 

precipitation normally occurs in September (or August in the far northeast 

area). Abundant rainfall is received fran tropical depressions and storms, par

ticularly during August-October.
 

2) Winter Season
 

The winter or cool season is. determined by the northeast monsoon uhich pre

vails from the middle of October to the middle of February. The cool, dry mon

soon winds are associated with the Siberian semi-permanent high pressure cell,
 

There is very little rainfall during the winter and December is the driest
 

month.
 

3) Summer Season
 

The duration of the summer or hot season is about three months, from the
 

middle of February to the middle of May. This is the period of transition bet

ween the northeast and southwest monsoons. The highest temperatIres usually 

occur in April. 

The normals for climatic elements are shown in Figures 2.4-2.5 and Tables
 

2.2.-2.4. The mean annual rainfall in the Northeast ranges from about 1,075 mm
 

at Chok Chai to 2,280 mm at Nakhon Phancm. Notably, the mean annual rainfall
 

increases from west to east in the region. Nakhon Phanom Province in the Sakhon
 

Basin receives about 2300 m annual rainfall. he drier provinces such as
 

Chaiyaphm, Roi Et and Si Sa Ket in the Khorat Plateau receive 1200, 1400 and
 

1500 mm annual rainfall, respectively. The annual number of rairy days at these
 

stations ranges from 54 days at Puri Ram to 137 days at Makhon Phanom (Table 2.3).
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STATION 

Table 2.2: 
J F 

MEAN MONTHLY 
M A N 

RAINFALL 
J J 

(MM) 
A 

IN NORTHEAST THAILAND 

S 0 N D Annual 

NONG )MI 6 9 29 97 247 295 249 333 301 51 8 4 1629 

LOEI 6 16 47 88 195 175 159 193 247 95 12 4 2237 

UDON MMNI 7 20 39 80 218 241 228 290 283 80 7 3 1496 

NAXRON 
PHANOM .7 19 44 100 240 480 23 593 316 52 5 1 .2280 

SARHON 
NAXHON 7 16 42 85 230 261 208 :319 260, 62 6 3 1499 

KDAHAN 41640 182275 244 314 295 63 4 1 1525 

KHct KAEN 8 15.34 .,63 172 181 157,188 277 86 14 3 1198 

ROIET 3 15 29 89 193 193 206 255 326 88 9 1 1407 

MBON 
RAIHAHANI 1 9 43 79 206," 253 283 322 279 92 20 2 1589 

SURIN 3 9 28,,' 88., 182 160 189 20 282 132 22 2 1289 

NAKHON 
RATCHASLMA 4 23 55 70 158 1i6 131 127 263 158 30 3 .1138 

CwRmIYAPME 4 18 51 PA 164 147 153 146 310 122 16 4 1219 

KA.SIN 6 17., 30 59 195 233 227 247 286 64 4 2 370 

SARAKM 5 14 40 69 189190 179 212 293 70 6 3 1270 

YASMON 5 15 27- 66 196 194. 224 263 313 8 '12 0 1399 

KI"M UAN 
KAFf) 2 10 34. 85 206 210 261 288 316 87 15 0 1514 

BURIRAM 3 12 34 69, .165 175 155 178 304 132 25 1 1253 

S7. SA KET 0 7 24 74 181 220 218 264 286 160 23 1 1458 

tTMPf-ION 
PHISAI 2 12 22 51 184 189 205 238. 280 99 17 1 1300 

CHATIMRT 12 12 53 78 173 119 123 133 259 106 22 3 1093 

KOSUM PHISAI 3 11 38 64* 160 166 145 174 257 75 8 3 1104 

NANG R G 8 18 38 75 16 150 154 172 284 171 26 3 1263 

CHOK CHAI 9 14 37 68 161 109 119 123 252 153 128 2 1075 

THAUN 2 8 29 75 157 178 190 206 298 109 13 1 1266 

PHUMISONG 2 19 43": 78 195 152 161 206 351 111 20 1 1339 
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Table 2.3: MEAN MONTHLY NUMER OF RAINY DAYS (0.1MM) IN NORTHEAST THAILAND 

STATON J F m A, 1' J- A, 0' D Annual 

NONG IOHAI 1.8 20A 4.8 8.18 16.8 19.1 19.7 21.'4 17.9 7.5 -1.5, 0.6 122.3 

LME 1.5 3.0 5.7 9.6 '18.7 17.9 18.1 20.5 21.3 11.2 2.7 0.8, 131.0 

UDON MIHaI 1.3 2.7 4.5 7.8 17.3 17.9 19.6, 20.9 19.5 7.9 1.41 0.4 121.2 

NAKHON 
PHANOM 1.1 2.6 5.3 8.9 18.8 23.1 23.9 25.0 19.6 7.4 1.3 o.2 137.2 

SAUON 
NAKHON 1.2 2.6 5.3 8.3 18.0 19.4 19.7 23.1 19.1 7.1 1.2' 0.4 125.4 

MUKDAHAN 0.9 2.3 14.3 7.2 16.4 18.3 19.0 22.0 18.8 8.1 1.5 0.4 119.2 

KHON KAF1 1.1 2.5 4.3 6.8 13.7 14.7 16.1 17.7 18.2 9.2 1.6 0.6 106.5 

ROI Er 0.8 2.2 3.6 6.9 14.5 15.5 15.9 18.1 19.4 8.2 1.8 0.4 107.3 

UBON 
RA 7ATHANI 0.5 1.2 3.8 7.5 15.3 18.5 19.5 22.3 20.4 10.6 3.3 0.7 123.6 

SURPN 0.6 1.9 4.2 7.8 14.5 17.3 17.8 19.4 20.6, 11.5 3.3 0.6 119.5 

NAKGON 
RAVHASIMA 1.2 2.9 6.1 7.9 15.9 15.0 15.6 16.5 19.5 12.1 3.8 0.9 117.4 

CHAIY'APHUM 1.0 2.2 5.2 7.7 14.0 13.1 14.6 16.9 19.3 9.6 1.8 0.9 106.3 

KAIASIN 0.5 1,1 2.o 4.4 1O.4 11.1 12.1 13.5 14.7 4.8 0.6 0.2 75.4 

MAHA 
SARAKHAM 0.5 1.2 2.3 4.6 9.8 II0", 10.3" 12.5 14.5 5.0 1.0.00.4 73.1 

YASOTHON 0.4 1.1 1.9 3.7 9.4 10.2 11.1 13.4 13.0 5.1 0.9 0.1 70.3 

IGAM KHUAN 
KAM 0.3 1.5 2.8 14.2 9.8 11.1 11.7 14.5 14.3. .5.3 0.8 0.2 76.5 

BURI RAM 0.3 0.8 2.1 3.0 6.5 6.9 7.4 9.1 10.6 5.2 1.4 0.2 53.5 

SI SA KET 0.1 0.4 1.8. 3.5. 7.8 9.0 8.6 11.4 10.8 5.6 1.5 0.2. 60.7 

TYHUMPHON 
PHISAI 0.2 0.6 1,4 3.6 9.2 10.3 10.7 13.7 9.4 .5.3 1.4 0.1 65.9 

CHATIRAT o.6 1.0 2.6 3.9 8.4, 6.6 7.6 8.2 11.5 5.1 1.2 0.3 57.0 

KOSUM 
PHISAI 0.6 .1.7 2.9 5.4 11.0" 11.0 11.1 15.0 6.0 1.0 0.5 78.9 

NAMG HONG 0'.6 1.6 4.1 6.6 12.8 13.8 13.9- 16.2 17.9 10.6' 3.2 0.7 .102.0 

CHOK CHAI 1.0 .2.0 3.5 6.1 12.4 11.4 -'11.4 '12.8 16.9 10.7- 3.3 0.5 92.0 

THA 7M 0.3 1.4 2.6 5.8 11.4 14.1, 1 1,3 15.5 17.3 8.5 2.1 0.3: 93.6 

PHuiIISoNG 0.3 1.5 2.7 4.9 11.5 10.6 11.5 13.1 14.7. 6.5 1.3 0.41 79.0 



Table 2.4: 
 CLIMATIC NORMALS (1951-1980) FOR REPRESENTATIVE STATIONS
 
BY AGROECONOMIC ZOPE.IN NORTHEAST THAILAND
 

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

MEAN DAILY AIR TEMPERATURE (OC) 

1 Udon Thani 21.7 24.2 27.2 29.1 28.5 28.1 27.7 27.3 27.0 26.4 24.3 21.9 26.1 

2 Ubon Ratchathani 23.9 26.1 28.8 29.9 29.1 28.2 27.8 27.4 27.1 26.7 25.2 23.8 27.0 

3 Khon Kaen 23.2 25.7 28.8 30.2 29.4 28.7 28.1 27.7 27.2 26.7 25.0123.2 27.0 

4 . Surin 24.3 26.6 29.2 30.0 29.1 28.4 28.0 27.7 27.3 26.9 25.3 24.0 27.2 

5 Nakhon Ratchasima 22.9 25.7 28.1 29.0 28.4 28.1 27.6 27.3 26.5 25.9 24.2 22.5. 26.4 

MEAN MAXIMUM AIR TEMPERATURE (oC) ..

.1 Udon Thani 29.6 31.8 34.6 35.9 34.3 32.8 32.4 31.6 31.3 31.3 30.3 29.2 32.1 

2 - Ubon Ratchathani' 31.1 33.2 35.3 35.9 34.4 32.7 32.0 31.4. 31 2 .31.2 30.7 30.2 -32.4" 

3 Khon Kaen 30.5 32.7 35.4 36.5 34.8 33.2 32.6 32.0 31.5 A1i.4 30.8 30.0 32.6 

4 Surin 31.2 33.3 35.5 36.0 34.5 33.2 32.6 32.2 31.5 31.0 30.4- 30.1 32.6 

5 Nakhon Ratchasima 31.0 33.5 35.9 36.5 35.0 34.1 33.4 32.9 31.9 30.8 29.8,29.6 32.9 

MEAN MINIMUM AIR TEMPERATURE (OC). 

1 TUdon Thani 15.1 17.9 21.3 23.8 24.5 24.8 24.5 24.3 23.9 22.5 19.2 .15.8 21.5 

2" Ubon-Ratchathani 17.'0 19.2 22.3 24.2 24.6 244 24.2 24.0 23.7 22 5 19.9 17.8 -22.0 

3 Khon Kaen " 16.0 '18.8 22.1 24.2 24.7 24.6 24.2 24.-1 23.6 -22.3 4-19.2-:16.3 21.7 

4 Surin .16.6 19.1 22.0 23.7 24.1 23.9, 23.6 23.4 23.2 22.5 19.8 -17.2 21.6 

5 Nakhon Ratchasima 16.2 19.3 22.0 23.5 24.0 23.9 23.6 23.4 23.1 22.3 19.5 16'.6 21.5 



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

ZONE STATION- J F m A M J J A S '0."," -N: - D -ANNUAL 

MEAN RELATIVE HUMIDITY (%) 

1 Udon Thani 64.0 62.0 60.0 63.0 73.0 79.0 79.0 82.0 82.0 74.0 69.0 67.0 71.0 

2 Ubon Ratchathani 66.0 64.0 63.0 67.0 76.0 80.0 81.'0 3.0 83.0 77.0 72.0 69.0 73.0 

3 Khon Kaen 63.0 62.0 60.0 63.0 72.0 76.0 77.0 80.0 82.0 76.0 70.0 66.0 :70.0 

4 Surin 65.0 62.0 62.0 66.0 75.0 79.0 80.0 82.0 84.0 80.0 750 69.0 73.0 

5 Nakhon Ratchasima 67.0 65.0 65.0 68.0 76.0 76.0 77.0 78.0 83.0 81.0 76.0 69.0 73.0 

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

1 Udon Thani NO OBSERVATION 

2 Ubon.'Ratchathani 5.8 6.4 7.1 7.1 6.2 5.6 5.5 5.0 4.6 .5.6 6.1 5.8 2155.4 

3 Khon Kaen 5.2 6.0 7.0 7.5 6.6 5.6 5.5 4.9 4.6 5.2 5.3 5.2 2083.9 

4 Surin 6.4 6.8 7.4 7.2 6.3 5.7 5.8 5.2, 4.7 5.7 6.11 6.1 2226.9 

5 Nakhon Ratchasima. 4.7 5.4 6.2 6.5 5.9 5.8 5.4 5.2 4.4 4.4 4.5 ;4.5 1915.5 

MEAN SUNSHINE DURATION (HR) 

1 Udon Thani NO OBSERVATION 

2 Ubon Ratchathani 272.0 233.0 245.1 254.7 237.0 192.3 193.9 160.3 160-.5 230.2 .254.5 263.9 2697i4 

3 Khon Kaen 275.3 242.8 243.1 255.9 247.2 196.9 183.5 162.3 163.6 243.5 255.6 286.1 2755.8 

4 Surin 268.8 246.2 255.6 238.0 230.2 145.5 189.5 171.9 177.0 243.4 253.4 273.4 2692.9 

5 Nakhon Ratchasima 283.0 244.7 248.4 245.3 244.5 207.4 194.7 185.8 166.1 225.0 258.6 277.1 2780.6 



Table 2.4: CLIMATIC NORMALS (1951-1980) FOR REPRESENTATIVE STATIONS 

BY AGROECONOMIP ZONE IN NORTHEAST THAILAND (cont.) 

ZONE ! STATION J F M A M J, J-- A S -0 .N D ANNUAL 

MEAN WIND SPEED (KNOTS) 

1 Udon Thani 2.7 3.1 3.2 3.4 3.2 3.0 3.3 3.0 2.9, 28 "2.92.8 

2 Ubon Ratchathani 4.3 3.8 3.6 3.6 3.6 4.2 4.4 4.4 - 3.2 .4.5 16.1 5.6 

3 Khon Kaen 3.2 3.0 3.5 3.7 3.6 3.9 4.1. 3.8 .2.8 3.4 3.8 3.6 

4 Surin 3.1 3.0 3.1 3.2 3.2 3.5 3.5 3.2 2. 3.4 -3.8 3.7 

5 Nakhon Ratchasima 2-5' 26 2.5 a'2. 2-8 -3.7 3.8' 3.6- 2.4- 2.7 1.2 2.9 



18
 

The daily mean air temperature is lowest in December and highest in 

April. The mean minimum temperature is about 16-180 C while the mean maximum 

temperature is about 29-300C. The mean relative humidity shown in Table 2.4 

reaches a minimum of about 60 percent in March and rises to a maximum of about 

84 percent in September. The annual pan evaporation (class A) ranges 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 frm about 

2,700-2,800 hours with the highest monthly mean occurring in December/January 

and 	the lowest in August/September. The mean wind speed ranges from 2.4-6.1 knots. 

4. Soils and Natural Vegetation 

Soils 

The soils of the Northeast have been studied by the Soil Survey Division, 

Department of Land Development. The soils are differentiated according to soil

landscape relationships as follows: 

1) 	 Soils on flood plains consist of very deep soils developed from 

recent alluvium. These soils are poorly drained with fine texture 

and are located along the river flood plains. They are used for 

rice cultivation. 

2) Soils on low natural terraces are somewhat poorly drained and are 

extensively used for rice cultivation. 

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

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 characteristics.
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Soils information fran several experimental stations in the Northeast is 

shown in Table 2.5. The available moisture storage capacity ranges fran 

60-150rm of water in the upper meter of soil. 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 Northeast is covered by;natiral vegeta
tion. Tropical evergreen forests are found along the mountain ranges inthe 

west and south (Figure 2.6). Sall areas with coniferous forest are located in 

the northwestern and southeastern areas. Three-fourths of the naural vegeta

tion is broadleaved, deciduous forest which is located mostly along the northern 

and eastern boundaries with sall 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 Economy 

The econany of Thailand is daninated 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 live in the Northeast and 

approximately 60 percent of the people in the region engage in agriculture. 

Thus, agriculture is the major economic sector. Although the Northeast has the 

largest agricultural land holdings (about 42 percent of the country), modern 

technology and mechanization are at a cmparatively low level. The average 

farmer's income is quite poor and traditional cultural practices are used. For 

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



PROvINCE 

Khon Kaen. 

Surin 

Ubon Ratchathani 


Roi Et 

Nakhon Ratchasima 

Table 2.5: SOIL INMORMATION FOR INDICATED AREAS*
 

ILCATION 

Tha Phra 

Khon Kaen Field 
Crop Exp. Stn. 

Surin Horticulture 


Exp. Stn. 

Surin Rice Exp. -

Stn. 

Ubon Field Crop 
Exp. Stn.
 

-Ubon Rice Exp. Stn. 

RoiEt Field Crop 

Exp. Stn._-:
 

Pak Chong 


SOIL CLASSIFICATION 

Gray Podzolic Soil 

Red Yellow Latosol 


Gray Podzolic Soil 


tow-Humic Grey Soil 

Gray-Podzolic Soil 

Huii Grey Soil. 


Gray Podzolic Soil -


TOTfAL AVERAGE
 
AVAILABLE 
 MEAN BULKMOISRRE SIORAGE DENSITY
 

(upper meter of soil) (upper eter of soil)

(m) 

85.3 

110.9 

153.8 

103.0-

111.6 

185 


".9 


Reddish Brown Lateritic 61.6 


-Obtained from Data Book on Physical Properties of.Upland Soils-in Thailand (1979)

(grams/am cubed)
 

. 1.64 

1.48
 

1.62 

1.62 

155. 

'Iow
1.57
 

1.61.
 

1.20

0 
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FIGURE 2.6 Land Use and Vegetation Map of Northeast Thailand. 



22
 

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. Very little 

modem farm technology has been introduced. Because the areas under irrigation 

are small, crops are generally grown in non-irrigated fields during the rainy 

season. Paddy fields are puddled and then plowed in preparation for planting. 

Fields for other crops are only plowed. Field preparations 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 fields. Rainfed rice, as well as all other crops, are sown directly into 

the fields.
 

3. Crop Season, Regions and Calendars 

The major growing season coincides with the rainy season, approximately May 

to October. The major planting occurs after the beginning 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 phenological stage of a 

crop must be met, the demand for water during flowering and reproduction stages 

in particularly critical. 

Crops are distributed in the region according to the climatic condition and 

soil 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 
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only in rarticular provinces, e.g., maize and sorghum. Table 2.6 shows the total 

planted area of each rop during 1980/1981 for each province in Northeast 

Thailand. Table 2.7 shows the relative Importance of each crop-within each pro

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 zhe provinces. Figures 

2.7a-b also illustrate the distribution of crops throughout the Northeast. 

In Chaiyaphum Province, kenaf is the most widespread crop and accounts for 

about IR percent of the regional planted area. In Si Sa Ket Province three 

crops prevail 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 occupies about 9 percent of the regional planted area. Nakhon Phancm 

Province has two major crops, rice and sugarcane, which occupy about 4 and 5 

percent of their regional planted areas, respectively. 

Crop calendars for the Northeast and each agroeconamic zone are shown in 

Table 2.9. 

4. Technology Changes
 

Modern agricultural technology is gradually being introduced into the
 

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.
 

Several crop varieties are being released which are drought or flood
 

resistant, have a high yielding potential or exhibit good fertilizer respon

siveness. For example, at least ten varieties of rice have been released by
 

experiment stations, but only two varieties are widely grown: 
 Khao Dawk Mali
 

105 (KDML) and Niaw San Patong (NSPT). Both varieties have a good grain quality
 



Table 2.6: PLANTED AREA (RAI) DURING 1980/81 FOR VARIOUS AGRICULTURAL 
CROPS IN THE PROVINCES OF NORTHEAST THAILAND 

CROP MAJOR GROUND 
 HUNG SUGAR SOY 
 TOTAL
 
PROVINCE", RICE 
 CASSAVA NUTS 
 MAIZE BEAN 
 CANE -BEANS SORGHUM KENAF COTTON AREA 
Nakhon Phanom 1,119,615 104,420 3,773  13,694 -  12,558 263 1.254,323
 
Sakban Nfaikion 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 Thani 2,630,497 308,939 4,474 230,907. 2,224: 165,667 14  110,795 2,075 3,455,592
 
Loei 388,096 / 28,339 
 7,201 814,691 24,917 5,314 .27,554. :1,219 77,369 
 1,374,700
 
Ubon Ratchathani 3,439,767 47,199 5,251 
 41,298 ..... 
 - 130,443 7,779 3,671,737 
Yapothon 986,211 55,558 1,996 
 546- '47,707: 1,182 1,093,200
 
Roi Et 2,472,082 150,310 6,942 
 - - 84- 17,308, 
 2,646,-26
Kalasin 1,046,481 378,376 
 11,240  - 33,680 . - 29,071 518 1,499,366 
Maha Sarakhaju 1,527,066 252,173 1,019  - 729 - .- 65,055 - 1.846,042 
Khon Kaen 1,968,014 380,784 2,835 5.4.752 14,244 49,473 
 61. - 139F966 - 2.610.129 
Si Sa Ket 1,721,098 54,267 6,110 111,227 1,076 
 - - . 11,469 - 1.905,247 
Surin 2,448,030 63,280 12,835 

- 4990 -2609,135 

Bur1 Ram 2,462,552 281,390 21,723 69,712 413 21,208 - 28 69,401 16 2,926,443
 
Nakhon Ratchasima 2,059,111 1,670,823 .-- 785,525 18,620 
 .470 8,044 30,129 46,038 
 60,403 4,724,658
 
Chaiyaphum 1,428,975 299,370 9,409 
 158,890 25,698 1,317 
 - " 167,958 203 2,091.820 
Total Area 28,223,731 49534,615- 151,310 2,267,002 87,574 294,035- 35,673 30,157' 
950,149 164,851 36,739,097
 



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

PR 
OO MAJOR 

RICE CASSAVA 
GROUND 

NUTS MAIZE 
MUNG 

BEAN 
SUGAR 

CANE 

SOY 

BEANS SORGHUM KENAF" COTTON 

TOTAL 

PERCENTAI 
Nakhon Phanom 89.26 8.33 0.30 - - 1.09 - - 1.00 0.02 100 
SakKjn Nakhorr 91.56 6.77 0.46 - 0.01 0.08 - 0.67 0.45 100 
Nong Khai 71.86 26.95 0.23 - 0.02 0.0 0.35 0.56 100 
Udon Than. 76.12 8.94 0.13 6 .68 0.06 4.80 0 - 3.21 0.06 100 
Loel 28.23- 2.06 0.52 59.26 1.81 0.39 2.01 - 0.09 5.63 100 
Ubon Ratchathanf" 93.68 1.29 0.14 1.13 - .- . 3.55 0.21 100 
Yasotho, 90041 5.08 0.18 - , 0.05 - " 4.37 0.11 '100 
Roi Et 93.40 5.68 0.26 - 0- - 066. - 100 
Kalasin 69.79 25.24 0.75 - 2.25 ' 

- " 1.94 0.03 100 
Maha SarakhaoL 

IKion Kaen 

82.72 

75.40 

13.66 

14.59 

0.06 

0.11 

" 

2.10 .55 

0.04'. 

1.89 " 

-

0 -

- .52 

5.36 

- 100 

100 
Si Sa Ket 90.33 2.85 0.32 5.84 0.06 0.60 100 
Surin 93'83 2.42 0.49 - - 3.-3.6 " 100 
Bur. Ram 84.15 9.62 0.74 2.38 0.01 0.73 - 0 2.3.7 0 400 
Nakhon Ratchaajma .43.58 35.36 0.96 16.63 0.40 0.01 0.17 0.64 0.97 1.28 100 
Chaiyaphum . 68.31 14.31 0.45 7.60- 1.23 0.06 - - 8.03 0.01 100 



Table 2.8: PERCENTAGE CONTRIBUTION OF CROP AREA IN EACH PROVINCE I10 NORTHEAST 
THAILAND'S TOTAL PLANTED AREA FOR THE INDICATED CROPS IN 1980/81
 

PROVINCE" 
CROP MAJOR 

RICE CASSAVA 
GROUND 
NUTS MAIZE 

MUNG
BEAN. 

SUGAR
CANE SOYBEANS SORGHUM KENAF COTTON 

Nakhon Phanom 3.97 2.30 2.49 - - 4.66 - 1.32 0.16 

Sakhon Nakhon 5.74 2.64 5.34 - 0.20 0.49 - - 1.24 4.84 

Nong Khai 3.21 7.49 1.93 - 0.24 0.13 - - 0.46 4.29 

Udon Thani 9.32 6.81 .2.96 10.19 2.54 56.34 0.04 - - 11.66 1.26 

Loei 1.37 0.62 476 35.94 28.45 1.81 77.24 0.1346.93' 

Ubon Ratchathani 12.19 1.04 3.47 1.82 - - - - 13.73 -4.72 

Yasothoh" 3.49 1.23 1.32 : - 0.19 - - 5.02 0.72 

Roi Et 8.76 3.31 4.59 - - 0.03 - J 1.82 --

Kalasin 3.71 8.34 7.43 . - 11.45 - 3.06 0.31 
Maha Sarakhem 5.41 5.56 0.67 - - 0.25 ... 6.85 -

Khon Kaen 6.97 8.40 1.87-- 2.41 16.27 16.83. 0'17 - 14.73 -

Si Sa Ket 6.10 1.20 4.04. 4.91 1.23 -- 1.21 -

Surin 8.67. 1.40 8.48 - 8,.94 
Buri Ram. 8.73 6.21 14.36 3.07 0.47 7.21 - 009 7.302. 0.01 

Nakhon Ratchasia 7.30 36.85- 30.07 34.65 21.26 0.16 22.55 9991 4.85 36.64 

Chaiyaphum 5.06 6.60 6.22 7.01 29.34 0.45 _ 17.68 0.12 
Total Percentage 100 100 100' 10 lOO 100 100 100 loo 100 
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FIGURE 2.7b The Percentage Contribution of Each Province to Northeast

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 

REGION CROP J F M A M J J A S 0 N D 
Rice 0000 // /',' 0000 
Maize /0000 0000 
Cotton 0000 - ' I II 0000 

NE Region Kenaf I/• 0000 0000 

Sugarcane 0000 0000 '0000 I/I 
Sorghum - 1I0000 
Cassava 0000// 

Rice oo 
Maize I/I0000 
Cotton I/ 0000 

Zone 1, Kenaf " /.- 0000 . 
Ground Nuts .. 0000-.-., 

Mung Bean . 1"0000 
Sugarcane .0000 /i 
Rice/1I00 
Maize I//i 0000 

:,Zone 2 Cotton /./. .0000 

Kenaf'// 0000 
Ground Nuts . II . 0000 

Rice "//" ". " " 0000 
'"Zone 3"..-,.,!;.. Maize IIII 0000 .... 

Cotton 0000 II 
Kenani 0ig 0000 

NOTrES: I/Iplanting 0000 harvesting _ ____ti'nnsplanting 



Table 2.9 Crop Calendars Continued: 

REGION CROP -- J - F M A M J J A S 0 N D 
'Ground Nuts 0II000 

.Zone 3 Mung Bean I/II 0000 
Sugarcane 0000 I 
Rice 0000 - II 
Maize IIII 0000 
Cotton 0000 . ". 

Zone-4 Kenaf " /I 0000 
Ground Nuts '-. - 0000 
Ming Bean //, 0000 

Rice 
Maize IIII 0000" . 
Cotton..-

.. 0000. 
Kenaff// 0000 
Ground Nuts 1/1/ 0000. 
MungBean "/0000 

:Zone:.5 Sugarcane 0000 I 
Sorghum -- 0000 ... 
Cassava 0000 /1 .. 
Castor Bean /'/. 0000 
Soy Bean :/1 0000 
Jute IIII 0000 

NO :..: IIII planting 0000 harvesting transplanting 
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and are somewhat drought resistant, but have a poor response to fertilizer and 

are susceptible to disease and insect infestations. 

In recent years, the use of fertilizers, insecticides and pesticides has 

gradually increased. For example, fertilizer usage expressed as a percent of 

usage for the whole country slowly increased from 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 is not influenced by the warm, moist maritime air as are 

the other regions in Thailand. Precipitation is usually low and irregular. 

Moreover, most of the soils have low fertility and a low available moisture 

storage capacity. Consequently, the water available in the soil to meet crop 

needs is usually inadequate. Soil erosion has become a major problem and has 

probably increased drought vulnerability by reducing the soil depth and 

decreasing the soil water holding capacity. 

The Northeast frequently experiences drought and flooding problems. In the 

summer, the weather is seasonally hot and dry. In the rainy season, there are 

usually drought or flooding problems. Flash floods occur due to heavy monsoon 

rains and tropical depressions. In the winter, the weather is dry and some

times very cold due to the influence of the northeast monsoon and the Siberian 

anti-cyclone.
 



CHAPTER M'I 

MEIr{0D0LOGY AND, ANALYTIC 'IOLS. 

A. Data Sources 

1. Meteorological Data 

The meteorological, data used in this study were obtained fran various types 

of stations located in Northeast Thailand as shownin Figures .3.1-3.2 and Tables 

3.1-3.2. These stations include: 

Synoptic stations: Monthly rainfall and temperature data (1951-1980) 

were used from 12 stations (Figure 3.1 and Table 3.1). In addition, climatolo

gical normals were available from the base period 1951-1980. The monthly nor

mals data include the mean of the maximum temperature, minim= temperature, dew 

point temperature, wind speed, sunshine duration, relative 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. 

Agrmeteorological stations: Monthly meteorological data obtained fran 

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. Class A Pan evaporation, wind speed 

and sunshine duration. The locations of the three additional agrometeorological 

stations are also shown in Figure 3.2. 

2. Agricultural Data 

Although rice is the major crop grown in Northeast Thailand, many other 

rainfed crops are also extensively grown as shown in Figures 2.7a-b. T"he annual 

national, regional and provincial agricultural data (acreage, production and 

yield). of the crops were available but with different record lengths as shown in 

Tables 3.3a-b. 
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FIGURE 3.1 The Synoptic Stations in Northeast Thailand. 
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Table 3.1: INFORMATIONONSYNOPTIC STATIONS IN NORTHEAST THAILAND
 

'ELEVATION RECORD 
STATION 'LATITUDE: LONGITUDE (M) PERIOD 

Nong Khai 170 52' N 1020 43' E 174.00 1965-79 

Loei 0170 27' 0101 44' 252.52 1954-0 

Udon Thani 170 23', 1020 48 176.98 1951-80 

Nakhon PhanomSakho0 170 25' 1040 471Nakhon917080 140.00 1953-80 

Sakhon Nakhon 17°009' 1040 08' 171.00 1951-801 

Mukdahan 0
16 ° e,32.' 

0
104°43' 138.00 1951-80 

Khon Kaen 160 26' '1020 50' 164.63 -1951-80 

Roi Et 160 03', 1030 41 ' 140.00 1951-80 

Ubon Ratchathani 15 ° 15' 1040 52' 123.00 1951-80 

Surin 140 53" 1030 30' 146.00 1951-80 

Nakhon Ratchasima 140 58' 1020 05' 187.00 1951-80 

Cha'iyaphum 150 48' 1020 02' 182.00 1957-80. 



Tnble. 3.2 Period of Record far Rainfall, Hydra-Meteorological and
Agro-Meteorological Stations ,'in Northeast :iThailand 

TYPE 


Rainfall Station 


HydroMeteorological
 
Station 


Agr o-Meteorological i" 

STATION 


Kalasin 

Maha Sarakham 
Yasothon 
Kham Khuan Kaeo 
Bumi Ram 
Si Sa Ket 
Uthumphon Phisai 

Chattural 

Kosum Phisai 

Nanig Rong 
Chok Chai 
Tha Turn 
Phuttaisong 


Surin 
Tha Phra Khon Kaen 
Sakhon Nakhon' ' 

PERIOD OF
 
RECORD
 

1952-1980
 
1952-1980
 
1952-197.5
 
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
 
1967-1981
 
1967-1981' 



Table 3. 3a NORTIFAST -HAILAND CROP YIFLD DATA IWMIRY 

MAIN RICE MAIZE CASSAVA SUGARCANM MUNGBFAN SORGHUM OYBFANS GROUNDNUTS COMIDN KFMAF 

PROVINCE (PERIOD OF RECORD) 

NAKHON 
PRANOM 1973-79 1978-79 1973-79 1973-79 1973-78 1977 1973-74 '1973-79 1 1973-79, - 1973-79 

KHAI 1979-79 1975-79 1973-79 1975-79 1974-79 1974-78 1973-79 1973-79 1973-79 

UDON 
HANI 1973-79 1975-79 1973-79 1973-79 1973-79 - 1973-79 1973-79 1973-79- 1973-79 

LOEI 1973-79 1973-79 1973-79 1976-79 1973-79 - 1975-79 1973-79 1973-79, 1973-79, 

YASCOIMON 1973-79 1975-77 1973-79 - 1973-..78 - 1977 1973-79 :1973-79. 1973-79 

UBN 
RATCHA'IHANI 1973-79 1975-79 1973-79 - 1973-71 - 1973-74 1973,79 1973-79 1973-79 

KALASIN 1973-79 1975-76 1973-79 1976-79 1974-75 - 1973-74 - 1973-79 1973-79 1973-79 

KHON 
KAEN 1973-79 1q75-79 1973-79 1976-79 1973-79 - 1973-79 1973-79 1973-77 lq73-7q 

MAHA 
SARJGIAM 1971-79 1978 1973-79 - 1973-74 - - 1973-78 1973-75 1973-79 

ROI Er 1q73-79 1975-78 1973-79 1975-79 1973-76 - 1974 1973-79 1973-77- 1973-79 



Table 3.3b NORTH1{AST 'IHAIL.MD CROP YIFLD DATA INVFMIRY 

MAIN RICE MAIZE CASSAVA SUGARCANE MUNGBEAN SORGHUM SOYBEANS GROUNDNUTS COF KFAF 

PROVINCEdk- (PERIOD OF RECORD)
 

BURI
 
RAM 1973-79 1975-79 1973-79 1973-79 1973-78 1979 1974-75 1973-79 1973-77 1973-79 
SI 1973-79 1973-79 1973-79 1973,78 - 1974-77 197379 1973m-74- 1973-79 

SURIN 1973-79 1978-79 1973-79 - 1973-78 - 1973 1973-79 - 1973-79 

CHAIYAPHUM :1973-79 1973-79 1973-79, 1976 1974-79 1975-79 1973-79 1973-79 1973-79 
'1973-79
 

NAMON 
RATCHASIMA 1973-79 1973-79 1973-76 -1976 1973-79 1975-79 1974493-79 1973-79 1973-79 

SAKHON
 
NAKHON - 1975-79 1973-79 1976"79 
 1973-79 :197,4 . 1973-79' :1973-79 1973-79 

NORTHFAST 1968-81 1967-81-1973-81 1967-8i -  - - 1969-81 :1975-81 

qOTE: Acreage, Production and Yield EDta are also available at the regional level, (Northeast,
North, Fast, Central and South) for the years 1962/63-1976/77. 

http:IHAIL.MD


39
 

Different crp varieties are used throughout the region according to local 

environment and climate. Same varieties are drought resistent while others are 

somewhat responsive to fertilizer. Some Important crop varieties are shown in 

Table 3.4. 

The amount of fertilizer applied has gradually increased at national and 

regional levels. The only available data for Northeast Thailand are for the 

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 episodic events occurring in Thailand 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 environ

mental conditions for both pest and plant disease outbreaks. 

These episodic event data can be qualitatively used in statistical crop 

yield modeling to determine possible reasons for fluctuations in crop yield or 

production data. Episodic event data can also be used to select and interpret 

agroclimatic indices such as the Palmer Drought Index (PDI), Yield Moisture 

Index (YMI), and Generalized Monsoon Index (GMI). 
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Table 3,.4 Crop Varieties Used in Northeast Thailand 

CROP 

Rice 

VARIETIES. 

RD6 

RD7 

RD8 

RD9 

Niaw San Pator 

Khao Dawk Mall 

Maize Suwan 1 

Cassava Rayong I 

Sorghum Late Hegari 

Kenef .Ton Khiew 

Khiew Yai 

Jute Non Sung 1 

Cotton. Sri Saurong 3 

Tak Fa 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 

1976 21.6 113,212 23,054 6,497 
(79%) (16%) (5%) 

1978 - 22.6 147,060 22,568 6,288 
(83%) (13%) - <(4%) 

1979 .24.3 .67,523 16,941 7,115 
(87%) (9%) (4%), 

DATA SOURCE:' Divisio 
of Agriculture Economics, Ministry of-Agriculture and,Co-operatives
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TABLE 

Year Month 

1952-53 

1954-55 

1957-58 

1958 

1958-59 

1960 

1963-64 

1964 

3.6a. EPISODIC EVENT DATA FOR MMILHID 

Episodic Event 

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. Comodity reports on rice 
subsequently reported a decline in Thailand's rice 
production due to drought. 

The largest fluctuations took place in inrna and 
Thailand where crops were more than three million 
tons less than the previous year and well below average.
"hailand's exports in 199P were the %mallestsince 1954, 
reflecting the exceptionally poor crop.
 

Thailand was badly affected by the drought. The crop 
was officially estimated at only 5.7 million tons
 
against the bumper R.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 mjor 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.

Note: This conflicts with above reports.
 



43
 

TABLE 3.6b: FEPISODIC EVENT DATA FOR JIIAAND
 

Year Month 	 Episodic Event 

1965 Oct 	 Weather conditions remained favorable. It is unlikely
 
that Thailand will suffer fram any rice shortage either
 
for domestic consumption or exports. 

1966 	 There is a drought in the main growing areas of the 

Northeast.
 

Crops were affected by 	pests and wind.
 

1967-68 	 The Northern and Northeastern parts of the country suf
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 yields remain very low and the drought
 
caused a drop in exports of rice and maize during the
 
year and a rise in the 	dmestic price of rice.
 

1968-69: 	 In Thailand, the crop had been reported as growing well
 
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 is also reported that
 
the milling quality of the new crop is poor, the yield
 
of white rice being 4-5% below normal.
 

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

1974 My. 	 Crop conditions are above average and are early. The 
harvest and rain are normal. Good rice and maize crops 
are expected. 

Jun
.- June was 	dry.
 

Jul* 	 In the Northeast, there were heavy rains in May and 
April. These helped early rice and other crop plan
tings. 
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'TABLE,3.6c: EPISODIC EVENT DATA OR THAILAN, 

Year Month 

Sep. 

1975 -Jan 

'Feb 

Dec 

1976T., . 

Jan 

'Feb 

Apr* 

Jun 

:JAug 

Sep. 

Dec.' 

Episodic Event
 

Normal conditions exist.
 

January was normal, but the rice crop was damaged by
 
floods in the Southern Region.
 

The weather system during the period fran Zan 3 to 8,
 
1975 produced one of the wettest northeast monsoons
 
ever recorded in the country and caused widespread
 
floods over southern Thailand.
 

A record rice crop was harvested.
 

There was slight damage to the rice crop due to
 
flooding.
 

The 1976 main rice crop was 4% less than 1975, 

Farly plantings and good crop conditions brought about 
a record rice crop.
 

Crcp conditions were good and plantings were early.
 

Light showers in March in the Central Plains favored
 
spring planting. The harvest of 1975/1976 main rice
 
crop is ccmpleted. A large secondary rice crop was
 
planted. The 1976 main rice production was 4% below
 
1975 because of drought.
 

A drought affects the maize and rice crop outlook.
 

Rains interrupted previous dry spell and are bene
fitting maize and rice crops.
 

Rains relieved crop stress.
 

Flooding is reported.
 

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-TIALAND. 

Year Month Episodic Event 

1977 The drought affected about 15% of the total rice area 
in the country. -he 7 provinces hardest hit were in 
the North, Northeast and the Central Regions. 

Feb Normal conditions exist. 

Apr Maize for 1977 is expected to be good due 
danestic prices, cheaper fertilizers, and 

to higher 
local availa

bility of insecticides. 

Jul The drought continued into the first half of July. 

Aug Rice transplanting was 
moderate rains fell in 

delayed, but later in 
some areas. However, 

August, 
the 

drought continues and 76% of the rice area is being 
affected. 

Sep Most areas received adequate rains, but due to serious 
damage fran typhoon and the prolonged previous drought, 
serious food shortages exist. 

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

Nov* 

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

Oct The drought reduced the harvest. 

19781 Tropical storm Bess dissipated over Tailand's 
Northeast Region. On two tropical depressions
tracked along the same path within a week of mach 
other during July. 

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

Feb* 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 government stockpile. 



46
 

.TABLE 3.6e: EPISODIC EVEN, DATA FOR WILWD 

Year- Month'' Episodic Event 

Apr* 	 There were good February and March rains for secondary 
rice that is to be harvested in May. 

May 	 There is an insecure state of area around Khlong Yai, 
Thailand, as a result of land mines, ambushes and 
shelling, 	that have effectively cut it off from the
 
rest of the country. The farmland b~tween Trat and 
Khlong Yai lies nearly idle because fishermen who 
usually raise crops there are fearful of Cambodian 
attack.
 

Jun 	 The drought continues in some areas and irrigation 
supplies are insufficient. 

There is increased secondary rice area. 

Jul 	 Heavy rains relieved the drought in most areas. The 
planting of main rice and maize is underway and nearly 
complete 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. 

Aug 	 Flooding in 15 provinces in the Northeast and North 
Regions destroyed 140,000 hectares of paddy. Aid is 
requested.
 

There is a large planting of 1978/1979 main rice and 
maize due to above average rains. 

A depression on August 22 caused 184 mm rainfall at
 
Sakhon Nakhon, 166 inm at Udon 9hani and 148 mu at Loei. 
Flooding has been extensive, but the crops my survive.
 
Relief was provided.
 

'Oct 	 Floods in 29 provinces of the North, Northeast and 
Central Regions affected crops. However, the main 
rice crop (which was planted in August and September) 
is looking good. There was government relief for flood 
victims. 
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TABLE 3.6f: ISODIC EvE DATA FoR niA ND 

Year Month Episodic Event 

Nov 	 The Thai government is 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. 

1979 	 Due to drought in 1979 the main paddy crop declined. 

* The 197R 	 main rice crop was a record 10 million tons 
and maize was 3 million tons. 

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

Jan 	 Secondary rice is 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. 

Feb 	 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. 

Apr 	 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 is affected by
drought and tight irrigation water supplies. 

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

May 	 The drought continues as secondary paddy crop is being 
harvested. Aid continues. 

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

Jun 	 Thailand is the world's fifth largest sugar exporter,
but bad weather campounded by poor planning, resulted 
in acute shortages at markets by June, 1979. 
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TABE 3,6g: EPISODIC EVENT DATA FOR MAILAND 

Year Month Episodic Event 

Ju. 	 rere are localized floods %hich 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.
 

Sep* 	 Floods during the second week of August in northeast
 
and southern provinces damaged the rice crop and
 
infrastructure. There is goverment relief assistance
 
for areas cut off by floods. Heavy rains in other
 
areas helped off-set below nonnal rains of the first
 
and third weeks of August. Secondary paddy crop and
 
maize production are up.
 

,Dec 
 There is 	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 is being harvested,
 

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

The 1979 	main paddy production was below that of 1978.
 

Jan 	 The secondary rice area (planted inJanuary) is likely

to decline due to lack of water in dams and reservoirs.
 
The governent is providing pumps for rice irrigation.
 

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

Mar 	 Good rains in mid-March eased drought conditions over
 
many parts but because of severe rainfall deficiency
 
since October 1979, more rain is needed. The 190 secon
dary paddy, nonnally harvested in May/June, was
 
affected by insufficient irrigation water supplies and
 
previous drought.
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TABLE 3.6h: EPISODIC EVEW DATA FOR THAILAND 

Year Month Episodic Event 

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

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

Jun 	 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
 
year.
 

Jul* 	 Most areas received below-average rains during the
 
first week of July causing some reduction of crop

growth. 	However, adequate moisture supplies are
 
available for both the 1980 main rice and maize crops

due to ample rains in May and June. 

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

Oct 	 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.
 

NOTE: This indicates the month the episodic event was reported. The.
 
date of occurrence is in the text. 
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4. Capabilities and Limitation offData 

The meteorological data used in this study are of good quality. The monthly 

mean rainfall data are determinee' frm at least 2R daily observations while the 

monthly mean temperature and humidity are obtained from at least 25 daily obser

vations. Quality control of the monthly meteorological data was undertaken to 

delete erroneous cases. Observations were cmpared 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 month. The 

assumption for using monthly data is that rains are evenly distributed during 

the period. Sometimes this assumption is not valid. 

The source of all of the yield data is the Center for Agricultural 

Statistics, Office of Agricultural Econcmics, Ministry of Agriculture and 

Cooperatives. Data were collected through their surveys and through other sour

ces. The quality of the yield data is quite good. Fluctuations in the yi' Id 

data result fran both weather and non-weather impacts. Year-to-year variations 

in yield are usually associated with drought, flooding and pests in the 

Northeast Region. There is also evidence that changes in technology cause 

changes in yield. 

B. Analytic Methods 

1. Rainfall Distribution" 

Monthly rainfall data available fran each weather station were averaged 

to obtain the distribution of the monthly means (Figure 3.3 and Appendix). 

Each distribution is positively skewed during the rainy season, May to October. 

The seasonal rainfall during May to October is dcminant in the southern areas 

while May to September rainfall dominates in the rest of the region. The 

largest amount of rainfall usually occurs during September except along the 
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the northern and eastern boundaries where m'aximums occur in August. The highest 

amount of monthly rainfall is approximately 590 mm in August at Nakhon Phancm. 

2. Potential Evapotranspiration (PET) 

Evapotranspiration (ET) is defined as the sum of the evaporation of water 

directly from the surface of water, soil and vegetation (dew) and the transpira

tion by plants. If soil water is not limiting, the evapotranspiration fran a 

complete plant canopy is called the potential evapotranspiration (PET). 

There have been many methods proposed for estimating PET fram meteorological 

data. One of the simplest models is to approximate PET by 80 percent of pan evap

oration (fran U.S. Class A pan). Some of the other major methods include the
 

following. 

Peman Fbmula (1948) 

Penmn's method is derived from the physical laws governing the evapo

transpiration process. The approach involves obtaining an empirical estimate of.
 

the transfer of mass (water vapor) fran a wet surface and incorporating this 

estimate into an expression defining the surface energy budget. The Penman for

mula (Frere, 1972) for the rate of PET from an extensive and uniform wet surface 

can be written as: 

PET = (mH + 0.66Ea)/(m + 0.66) 

where: PET is the potential evapotranspiration (rmday), 

m is the slope of the saturation vapor pressure curve for water 

at mean air temperature in MbC - 1 . 

H is the net radiation in evaporation equivalent of m/day, 

,0.66 is the psychrometric constant in mbC - I and 

Ea is 0.26 (es - ea)(1 + 0.54 U'2) nm/day 
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with es the saturation vapor pressure (mb) at the mean air 

temperature, 

ea the actual vapor pressure (mb), and 

U2 the mean wind speed at 2 meters in-m/sec. 

The main problem with the Perman method is that the data for net radiation, 

vapor pressure deficit, and wind speed are not available f'r most meteorologica) 

stations. Because of incanplete meteorological data at most weather stations, 

other empirical methods for estimating PET have also been proposed. 

Thornthwaite Method 

Thornthwaite (1948) derived an empirical relationship between PET and mean 

air temperature. PET is expressed as an exponential function of mean monthly 

air temperature or: 

PET = 1.6 (10 T/I)A 

where PET is the potential evapotranspiration (cm/nenth), 

T 	is-the mean air temperature (0C), normally a month, 

I 	 is a heat index which represents the sum of 12 monthly indices 

(i) 	 and may vary from 0-160,
 

12
 
I 	- (Ti/5)1 5.4 

A is a cubic function of I for a given location which may vary 

fran 0-4.25 and is defined as: 

A = 6.75 x Io- 713 - 7.71 x 10-512 + 1.79 x 10-2 I + 0.49 

The 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 place. 
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This method has been used worldwide because only temperature and the local 

latitude are required for input. However, considerable criticism has been 

offered because the mean air temperature does not relate to the surface energy 

balance. Also, the method was designed only for making monthly PET estimates. 

Hargreaves Method
 

Hargreaves (1977) used air temperature and solar radiation as the main
 

meteorological elements to estimate PET as follows:
 

PET = 0.0075 (RSM)(F)
 

where: 	 PET is the potential evapotranspiration (ru/day), 

RSM is solar radiation in evaporation equivalent (mm/day), and 

'' is the daily mean air temperature (OF) 

When solar radiation is not available, it can be estimated fraM
 

sunshine hours or extraterrestial radiation.
 

Antal Method
 

Antal (1973) developed a model based on temperature and vapor pressure defi

cit to estimate the rate of evapotranspiration, measured by lysimeters defined as:
 

"8
PET = 0.9 (es-ea)0 -7(1 + bT)4 

where PET is the rate of potential evapotranspiration (amVday), 

es is saturated vapor pressure at temperature T in the instrument 

shelter, 

ea is the actual vapor pressure in the shelter, and 

b is 1/273 

Linacre Method 

Linacre (1977) simplified the Pernan formula for estimating PET as follows: 

E = ([700(T + o.006h)/(l00-A)] + 15 (T-Td))/(R0-T) 
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where: E is the evaporation rate in m/day, 

T is the mean air temperature (0C), 

Td is the mean dew point temperature (0C),
 

,A is, the latitude in degrees, and
 

h is the elevation of the station in meters. 

This formula requires only geographical data (A and h), the meanir tmperature 

and the mean dew point temperature.
 

Priestley and Ta,lor Method 

Priestley and Taylor (19R2) established a method to calculate the PET.'
 

Their formula is a simplified version of Pernn's equation:
 

PET = S(ARn)/(S+G) 

where: PET is the potential evapotranspiration (mm/day),
 

S is the slope of the saturation water vapor pressure curve at mean
 

-air temperature (mb0C ) 

-
G is the psychrometric constant (0.66 mbOCI )
 

Rn is the net radiation in evaporation equivalent (rm/day)i, and 

A is the empirical constant (1.44)
 

Evaluating Methods for Estimating PET
 

Because PET is one of the fundamental agroclimatic analysis tools for the
 

study of moisture stress on crops, reliable methods miust 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 field experiments with a lysipieter. 

In this study for Northeast Thailand, monthly data from the agrareteorologi

cal stations were used to estimate PET by the Penmn, Hargreaves, ,hornthwaite,
 

Priestley, Antal and Linacre methods. 
"hese were compared to each other and with
 



80 percent of pan evaporation. The sample means, variances and time series of 

individual monthly estimates were compared. 

Because actual measurements 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 is suspect for that region. Because the Pernman method is a physically 

based procedure that determines PET, more emphasis is usually placed on results 

fran that method. 

One problem cannon to all methods is that baseline data are not usually 

available to confim the appropriate method. Also, data for the Penman method 

are not always readily available. Finally, some of the methods ray be totally 

inappropriate for climatic conditions in Northeast Thailand. 

In spite of these limitations, recomnended procedures need to be developed 

for test and evaluation. Tzta 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 is necessary. For example, if the variance of 

rainfall is much greater than the variance of PET, then PET 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 Penman 
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equation 	to estimate normal PET for stations in hailand. These results are 

addressed in this study. Second, the report, Assessment of Hainfed Irrigation 

in Northeast Thailand, prepared by the Asian Institute for Technology for the 

Conmittee for Coovdination and Acceleration of Water Resources Development, the 

Secretariat of the Prime Minister, 1981, discusses application of the Jensen-


Haise formula for estimating PF7. These results are also considered. 

3. Soil 	Moisture Rudgeting
 

The growth and development of crops depend on the water available for their 

consumption. The sources of the water cane from rainfall, water stored in the 

soil and irrigation. Precipitation recharges soil moisture in successive soil 

layers fran the surface downward. Precipitation in excess of that required to 

bring the crop root zone to the water holding capacity is removed by lateral 

runoff and percolation. Fbr a short dry period, arecrops not seriously 

affected, even in the critical growth period, if there 	is sufficient soil 

moisture 	to support the demand for water. 
Thus, the soil moisture level may be 

as good or better an indicator of crop conditions as rainfall. Since the soil 

moisture is difficult to measure directly in the field, several methods have 

been proposed for estimating its value. Two procedures are described as 

follows.
 

One-Layer Water Balance Method 

'hornthwaite's model is based on simple water balance equations for gains 

and losses within a single layer as follows: 

Si si-1 + Pi - (PETi (Si-1)/FC) 

where: 	 Si is the soil moisture estimate for-thecurrent period,
 

Si-j is the soil moisture for the previous period,
 

Pi s the precipitation,
 

PFTi is potential evapotranspiration for the current period, and
 

FC is the field capacity of the soil.
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Eo-Layer Model 

In contrast to the one-layer odel, Palmer (1965) proposed a two-layer ndel 

which makes two assumptions: 

1) The upper layer is equivalent to the plough layer and is assumed to hold 

about 2.5 an of plant available water. The sotl water in the surface layer (SS) 

is lost at a potential rate. 

2) The underlying layer extends fran the base of the plough layer to the 

depth of rooting for a particular crop. Soil water in the underlying layer (SU) 

is lost at the potential rate when the profile is at field capacity. The 

available water in this layer depends on the depth of the root system and on the 

soil characteristics. 

The soil moisture budget is: 

Si = SSi + SUi = SS-l + SUi-I + Pi - AIri - ROi 

the soil water in the surface and underlying layers,where: SSi and SUi are 

respectively,
 

i is the current time period and i-i is the previous time period, 

Si is the soil water in both surface (SS i ) and Underlying (SUi) layers, 

Pi is the rtnfall received during the current time period, 

AETi is the actual water loss by evapotranspiration, and 

R~i is the runoff. 

The actual water losses by evapotranspiration and runoff are estimated by: 

a) If Pi < PETi then: 

AEni = Pi + LSi + LUi = Pi + Minimum (SSi-i, PETi-Pi) 

+ Minimum (SUi_, (PEniPi nSi) SUi-/(PWax'-2,5)) 

where: 

LSi and LUi are the water losses fran the surface and underlying layers 

in the current time period, respectively, 

'Phni is the estimated potential evapotranspiration, and
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PAWmax is the maximum possible plant available water in the total soil nro

file. 

The runoff is zero.' 

b) If i P > PETij then: 

AErj =ET 

ROj Pi AE- - REI.
 

where:
 

REi (Soil water recharge) is estimated by:
 

REi = Minimum ((PI - A-W'1 ), (PAWmax - SI)) 

The budget begins at a time when the soil moisture is at field_ capacity and 

water is lost from the upp.r layer first. Note that if Ti-1 is zero then the 

loss fran the underlying layer (LUi ) is also zero. All units are in cm. 

4. Crop Coefficients 

Doorenbos and Pruitt (1977) defined the crop coefficient (KC) for a 

given crop as: 

KC = AETc/PET. 

The crop coefficient relates to the evapotranspiration (AETc) of a disease 

free crop grown in large fields under optimum soil water and fertility con

ditions and achieving full production potential under the given environment. 

PET is the reference potential evapotranspiration as defined in previous sec

tions. Factors affecting the value of the KC 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 defined 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 cropoefficients for selected crops as provided by Doorenbos 

and Pruitt are given in Table 3.7. These were determined from field experi

ments with lysimeters. Although the appropriate crop coefficients for environ 

mental and cropping practices in Northeast Thailand would have to be locally 

determined, the data in Table 3.7 can be carefully used in agroclimatic stu

dies. The coefficients should be adjusted for local conditions, e.g., crop 

calendars and cultural practices. 

The KC can be used to estimate the crop water requirement for different 

crops at various stages of development by: 

Crop Water Requirement (CWR) = AEMc = KC(PET) 

The CWR for each growth stage and the growing season of a particular crop 

can be estimated from historic meteorological data. The CWR can be compared 

with rainfall and soil moisture to determine the appropriate crops and plantiq 

dates to avoid or minimize drought vulnerability. In contrast to this type of 

land use study, the CM can be used in real-time applications such as irrigati 

advisories during the growing season. 

5. Climatic Diagrams 

The climatic diagram is a useful tool for investigating the availability oJ 

moisture for crops. It is a graphical plot of monthly decadal, weekly or even 

daily rainfall, soil moisture, PET, AET and other parameters such as pan evap

oration. The crop coefficient could be used to adjust PFT, thereby providing 

an estimate for the crop water requirement. The diagram can be based on data 

for a particular season or from climatic normals or both. 1For example, moistw 

supply and demand relationships can be monitored during the growing season by 

comparing real-time values to normal data. This can be an important tool for 

crop condition assessment. The diagram can also be used for land use studies 

which investigate optimumn planting dates, crop selection, irrigation require

mpntR An nthpm



Table 3 .. CROP COEFFICIENTS (kc). 

Crop Development stages Total___. 

CROP Crop Mid- ate Aing
 
... ia. dmelt season season harvest
 

Banana 
tropical 0.4, -0.5 0.7 -.085 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 
green 0.3 -0.4 0.65-0,75 0.95-1.05 0.9 -0.95 0.85-0.95 0.85-0.9
dry 0.3 -0.4 0.7 -0.8 1.05-1.2 0.65-u.75 0.25-0.3 0.7 -0.8 

Cabbage 0.4 -0.5 0.7 -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 -08 1.05-1.25 0.8 -0.9 0.65-0.7 0.8 -0.9 
Grape 0.35-0,55 0.6 -0.8 0.7 -0,9 0.6 -0.8 0.55-0.7 0.55-0.75 
Groundnut 0.4 -0.5 0.7 -0.8. 0.95-1.1 0.75-0.85 0.55-0.6 0.75-0.8 
Maize
 

sweet 
 0.3 -0.5 0.7 -0.9 1.05-1.2 1.0 -1.15 0.95-1.1 0.8 -0.95 
grain 0.3 -0.5" 0.7:-0.85" 1.05-1.2* 0.8 -0.95 0.5-0.6" 0.75-0.9" 

Onion 
dry 0.4 -0.6 0.7 -0.8 0.95-1.1 0.85-0.9 0.75-0.85 0.8 -0.9 
green 0.4 -0.6 0.6 -0.75 0.95-1.05 0.95-1.05 0.95-1.05 0.65-0.8 

Pea, fresh 0.4 -0.5 0.7 -0.35 1.05-1.2 1.0 -1.15 0.95-1.1 0.8 -0.95 
Pepper, fresh 0.3-0.4 0.6 -0.75 0.95-1.1 0.85-1.0 0.8 -0.9 0.7 -0.8
 
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 -1,15.1 1-1.5 1.1 -1.3 0.95-1.05 0.95-.105 1.05-1.2
 
Safflower 0.3 '-0.4 0.7 -0.8 1.05-1.2 0.65-0,7 0.2 0.65-U.7
-0.25 
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 
Soybean 0.3 -0.14. 0.7 -0.8 1.0 -1.15 0.7 -0.8- 0.4 -0.5 0.75-0.9
 
Sugarbeet 0.4 -0.5 0.75-0.85 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
 
Sunflower 0.3 -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 1.05-1.25 0.8 -0.95 0.6 -0.65 0.75-0.9 
Watermelon 0.4 -0.5 0.7 r0.8 0.95-1.05 0.8 -0.9 0.65-0.75 0.75-0.85 
Wheat 0.3 '0.4 -0.7-0.8 1.05-1.2 0.65-0.75 0.2 -0.25 0.8 -0.9 
Alfalfa 0.-1-0.4 
 1.05-1.2 0.85-1.05 

Citrus 
clean weeding 0.65-0.75 
no weed contro 0.85-0.9
 
Olive 
 0.4 o0.6
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h e PET is, estimated by the appropriate method. The I'isdetermined fran 

the;-soil moisture budget. 

6.Derived Agroclixnatic Indices 

Agricultural drought indices are defined as derived nbers or classifi

cation identifications which express the degree to which growing plants have been 

'adverselyaffected by an abnomal moisture deficiency. The deficiency may 

result either from an unusually small moisture supply or an unusually large 

moisture demand. The sources of moisture supply are precipitation and water 

stored in the soil while the moisture depletion is caused by crop evapo

transpiration to meet the CWR during the growing season. Rainfall, evapo

transpiration, potential evapotranspiration and soil misture are some of the 

variables that can be used for calculating these indices.
 

This study examines five different agroclfmatic 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 drought/early 

warning assessments. The details on each index are as follows. 

Yield Moisture Index (YMI) 

One of the primary agroclimatic indices,used by AISC is the Yield Moisture 

Index which is defined as: 

N 
YMIJ = P 

where:
 

YMj is the Yield Moisture Index for the Jth crop (e.g.,, maize, rice,
 

beans, etc.),
 

Piis the precipitation which occurred during the ith crop stage (e.g.,
 

for planting, i=2 for vegetative, i=3 for reproductive/flowering,
 

for maturity), and
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KCij is the appropriate crop coefficient for the Jth crop and ith crop 

stage as estimated from Table 3.7 for local conditions. 

As discussed by Steyaert et al (1981), and Achutuni et al (1982), this 

drought index uses crop coefficients 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 is 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 end of 

planting, vegetative, flowering and maturity crop stages. Usually water is 

beneficial to the crop at these times; however, caution must be exercised in the 

late maturity stage. If rainfall tends to adversely affect the crop during the 

final stages (grain drying), this 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 monsoon. In 

a sense, it is a generalized YMI which is defined for the southwest monsoon and 

also for the northeast monsoon (peninsular areas only). 

The GMI for the southwest monsoon during June-September is defined as: 

GMIsw = 0.125P6 + 0.125P7 + 0.50P8 + 0.25P9 , 

The GMIN for the northeast monsoon period during October to January is also 

defined as: 

GMINE = 0.125P10 + 0.125PII + 0.50P12 + 0.25PI 

where: GMIsw is the OMI for the southwest monsoon, 

GMINE is the GMI for the northeast monsoon in peninsular regions, 

and 
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Pj is the rainfall inthe ith mnth (i=1 for Jan, i=6 for Jun, 

etc.).
 

The index attaches most significance to rainfall occurring during the
 

.flowering/reproductivecrop stages. Although these weights have been detemined
 

through objective analysis of historic data, they are not crop coefficients.
 

The @MU is useful for assessing drought as well as flooding situations. 

R-Index 

The R-Index was developed by Yao (1969) and is defined as the ratio of AET 

to P77 or: R = AFT/PET. 

The index ranges fram 0 to 1. Values near zero indicate extreme misture
 

stress while values near unity indicate no stress. The index can be used in
 

crop condition assessments and also as a tool for land use studies. Fbr
 

example, Yao (1973) used the R-Index to demonstrate that groundnuts could not be 

grown in Tanzania 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
 

for Haiti and to eliminate erroneous crop calendars cited in the literature.
 

Soil Moisture Index 

Ravelo and Decker (1979) proposed a Soil Moisture Index (SMI) which is 

defined as: 

3 = PAW/PAW -

where 

,PAW is the plant available soil misture, and, 

PAWmax is the maximum plant available soil moisture. 

The SMI is defined for values ranging fran zero through 1. The 341 has been 

;used by AISC as a crop condition assessment tool. 
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Palmer Drought Index 

One method for conbining precipitation and temperature as predictor 

variables 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 lists 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 can be camputed frau historic data over 15-30 year period and thena 

expressed in several forms: raw value, percent of normal and percentile. The 

indices must be tested and evaluated to detemine how each should be 

interpreted and the potential for use as an operational index to monitor general 

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 episodic data then used 

to identify the weather impact years and the critical values of the index assoc

cated with, for example, normal crops, moderate drought impact on crops 

(slightly below normal yields), drought impact on crops (reduced yields) and 

severe drought impact on crops (drastically reduced yields or crop failure). 

The index values for such years will be considered as a threshold value for each 

category. 

Decisions should be made cn which index or indices will be appropriate for 

an area of interest or for a paiticular purpose. Guidelines for determing the 

appropriate method are discussed in subsequent chapters in this report. The 
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Thble 3. : PAUER LOUGT INDEX CLASSES FOR 

WET AND DRY PFUOD 

INDEX CHARACTER OF RECENT WEATER 

> 4.00 Extremely wet 

3.0 to, 3.99 Very wet 

2.0 to 2.99 Moderately wet 

1.0 to, 1.99 Slightly wet 

0.5 to 0.99 Incipient wet spell 

0.49 to -0.49 Near nomal 

-0.50 to -0.99 Incipient drought 

-1.00 to -1.99 Mild drought 

-2.00 to -2.99 Moderate drought 

-3.00 to -3-99 Severe drought, 

< -4.00 Extreme drought 
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assessment~then can be made by calculating the indices using the observed
 

weather data, interpreting 'the index values, in tems of similar values in the 

historic record and finally evaluating the results along with other information. 

The indices are mainly useful in assessing drought impact on agricultural crops, 

not the flooding impact or crop conditions in irrigated areas. Drought causes 

physiologic damage to a crop. Excessive moisture due to flooding can cause 

physical and also physiologic damage. Thus, flooding is a more canplex 

assessment problem. Also, wind damage is 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 detemine irrigation scheduling requirements and 3) land and 

water resource management applications. Examples of these models and their 

application are provided in this report. 



CH(,W 'FR IV, 

ATT'yr11 ROTTTI1'N 

A. Overview 

Four major types of agroclimatic analyses for Northeast Thailand were per

fomed including: 1) investigating and evaluating various methods for esti

mating potential evapotranspiration, 2) estimating soil moisture and calculating 

the Palmer Drought Index, 3) developing historic agroclimatic/crop condition 

indices for use in assessments and 4) developing preliminary statistical 

climate/crop yield 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 results are discussed in Chapter V. The use of 

crop index models, statistical models, soil moisture and other assessment tools 

for making assessments are discussed in Chapter V. The following summarizes 

the types of analysis.
 

1. Potential Evapotranspiration 

The methods for estimating PET discussed in Chapter III were investigated 

using two sets of stations: 1) monthly data at three agrcxmeteorological sta

tions and 2) monthly rainfall data and climatological normals for PET calcu

lations at the synoptic stations. The estimated PET values were ccnpared 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 

"appropriate" method for estimating PET, to determine if PET nonnals can be used 

instead of individual monthly values, and to determine how to interpolate or 

estimate PET at data sparse locations. 

68
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2. Soil Moisture and the PDI 
Theoresults of the PET analysis were used to estimate moisture using the 

Palmer two-layer model and then to calculate the PDI. The soil moisture esti

mates are integral to the assessment program. The PDI shows premise a potenas 


tial index for monitoring climatic conditions at individual stations.
 

3. Agroclimatic/Crop Condition Indices 

These indices are based on monthly rainfall data at synoptic stations and
 

represent primary tools for assessing drought impact 
in the Northeast. 

4. Statistical Models 

These preliminary models require test and evaluation and should be used with 

caution.
 

B. PET Results
 

1. Agraneteorological Stations
 

Figures 4.la-c show the monthly mean PET estimates obtained from the Penman, 

Thornthwaite and Hargreave's methods using data at Sakhon Nakhon, Surin 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 PET in the wet season. The methods tend to show the least scatter 

during the wet season. 

The general relationship between PET and rainfall suggests general moisture 

supply and demand relationships for the crops: rainfall greater than PET 

usually suggests moisture excess wile rainfall below PET usually suggests 

moisture 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 experience some drought stress at 

Tha Phra, particuarly at the beginning of planting because average PET and rain

fall are about equal. 
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Tables 4.la-c show the simple statistics (-man,standard deviation,, etc.) 

for these climatic variables and PET at each station. The number of years in 

the data base is indicated by "IN". If the standard deviation is squared, the 

variances between PET, Pan and rainfall can be compared if one assumes the 

distributions are identical. In general the rainfall variance is about 

210,000 imn while PET and Pan are about 100-500 mm2 . On an order of magnitude 

basis, rainfall is about 100 times more variable than either PET or pan 

evaporation. The variables that determine PET do not change very much fron year

to-year for a given month. This suggests that for some applications, sample mean 

PET can be used instead of individual calculations for each ,iinth (or decade). 

For example, this finding could be used in soil moisture budget analysis or in 

crop water requirement calculations using crop cofficients. 

Figures 4.2a-c and 4.3 demonstrate more characteristics of PET variability. 

Figures 4.2a-c show the individual monthly climatic variables during 1967-19R1 

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 different). Large amounts of rainfall during September probably dam

pens variability of the other parameters. In Figure 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 4.4a-c show the ratios of Penman, Hargreaves and 

Thornthwaite PET to pan evaporation and RO percent of pan evaporation. These 

ratios suggest how the methods can be adjusted if pan is 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, Thornthwaite PET estimates are frequently greater. The 

Thornthwaite estimated PET values are well above pan during the wet season and 
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TABLE 4.io PET, Pan Evaporation and Rainfall Statistics for Sakhon Nakhon.
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TABLE 4.'It PET, Par Evaporation and Rainfall Statistics for Tha Phra Khon Kaen.
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NORTHEAST THAILAND 
PET RATIOS 

SAKHON NAKHON, SURIN AND THA PHRA KHON KAEN 
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TABLE 4.2 PET Ratios for Sakhon Nakhon, Surin and Tha Phra KIon Kaen. 
(RP._E=P/E, R _SE=P/.8E, RHE=H/E, RH 8E=H/.8E, RTE=T/E and
 

RT 8E=T/.8E).
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well below pan during the dry season. Pernan and Hargreaves PET compare 

favorably with 80 percent of pan. However, there are differences at local sta

tions. 

Some caTments are in order. The large variability of PET during the dry 

season as cempared to PET variability during the wet season seems to be asso

ciated with temperature variability. For example, during the rainy season, sta

tion mean temperatures vary by about 2-30C from year-to-year, but as much 6-7oC 

during the dry season. Evaporation rates are also higher during the dry seasons 

(5-8 nn per day) compared to the wet season (4-7 mm per day). 

Preliminary findings include: 

1) The modified Penman method and 80 percent pan evaporation appear to be 

acceptable models for esttnating PET in Northeast Thailand. The Hargreaves 

method produces the next best results and the Thornthwaite method probably 

underestimates PET during the dry season and overestimates PET during the wet 

season. 

2) Mean PET values can probably be used instead of individual calculations 

for many applications, e.g., soil moisture budget calculations. •Rainfall is 

much more variable than PET or Pan. 

3) PET can be estimated at data sparse locations by adjusting estimated 

PET's with the ratios of PET to pan or by interpolating PET 'and accounting for 

elevation changes. 

4) Local station characteristics must be considered when interpolating or 

estimating PET for soil moisture or land use studies. 

C. PET Estimates at Synoptic Stations 

The above findings at the agrometeorological stations.suggested that monthly 

mean PET could be estimated at selected synoptic stations. Figures 4.5a-h' 
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are similar to Figures 4.1a-c and show PET !stimates (Perman, Hargreaves, 

Thornthwaite, Priestley, modified Linacre'and Antal), pan evaporation and rain

fall. The findings are similar except the Antal. and modified Linacre methods 

are considered to be suspect. 

D. Climatic Diagrams
 

The monthly means of PET (Per nan method), estimated actual evapotranspira

tion (AFT) and rainfall at each agraeteorological station were plotted as shown 

in Figures 4.6a-c. The values of AET were determined fram the Palmer two-layer 

model. These plots are called climatic diagrams. 

The climatic diagrams illustrate the general water supply (precipitation) 

and the water demand (ART); hence, general periods of water 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 

during 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 avoid water deficit problems. 

These diagrams 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 decadal Theas or weekly intervals. 

diagram can be calculated each season for use in assessments and making an ana

lysis for irrigation scheduling. 

The climatic diagrams should be used along with other agroclimatic tools for 

assessing climatic impact or in land and water resource management studies. For 

example, the diagrams caplement agroclimatic/crop condition index models and 
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statistical crop yield forecast models used for assessing climate impact 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 

suitability studies. 

The Moisture Availability Index (MAI) has been developed by Hargreaves 

(1977) for use in land classification studies. The MAI is defined as: 

MAI - PD/PET 

where PD is the dependable rainfall, and 

PET is potential evapotranspiration. 

Hargreaves (1977) has shown that PD should be taken as the monthly rainfall 

amount which has a 0.75 probability level of occurrence, for example as esti

mated by the gamma probability distribution. He further showed that PD is 

essentially equivalent 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. 



CHAPTER V
 

CLIMATIC IMPACT ASSESSMENT MODELING RESULTS
 

Climatic impact assessment models which were developed for Northeast 

Thailand 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 biological (or agronanic) response of 

the crop to moisture and temperature ananalies during the growing season, par

ticularly during the critical flowering/reproductive crop scages. Although all 

the models require thorough test and evaluation, they provide a foundation 

for assessing climatic impact on crops during the growing season. 

the history of crop yield modeling'This Chapter includes information on 

analytic steps for model development, discussion on the proposed assessment 

models for Northeast Thailand and suggestions for test and evaluation of the 

models. 

A. Background 

During the decade of the 19701s, significant advances were made in the devel

opment and application of climatic impact assessment models for agriculture.' 

The success of applied modeling is associated with the increased availability of 

computers which permitted scientists to develop the models plus the critical 

need for climate impact information. Decision makers, planners and econamists 

have come to recognize that this approach can provide timely, reliable and yet 

inexpensive information concerning climatic impact on crop yields and agri

cultural production. It has became recognized that these models can supplement 

and complement other information sources, e.g., crop information sources 

including farm and marketing reports, probability surveys involving area farm 

analysis, census, demand side econamic analysis and others. 
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Models are also being used to provide early warning of potentially
 

disastrous food shortages resulting from severe drought. For example, the
 

United Nations, 
 Food and Agricultural Organization (UN/FAO) and the U.S. 

National Oceanic anl Atmospheric Administration, Assessment and Information 

Services Center (ALSO) are two organizations involved in this type of effort. 

The AISC program provides support to the Office of U.S. Fbreign Disaster 

Assistance, Agency for International Development (AID/OFDA) (Steyaert et al,
 

1981)6
 

Types of Crop Yield Models 

There are essentially three types of crop yield models: 1) statistical 

climate/crop yield models, 2) agroclimatic/crop condition index models and 3) 

the phenologic or "process" models. 

The statistical model is based on multiple linear regression analysis using 

historic climatic data and crop yield. These models provide absolute yield 

forecasts. Statistical models have been developed or at least attenpted for 

many geographic regions in the world, particularly major grain producing areas. 

Some of the crops modeled include wheat, corn, barley, soybeans, sorghum/millet, 

rice, cotton, sunflower, flax, groundnuts, sesame, sugarcane, oil palm and 

others. 

The second type of model is the agroclimatic/crop condition index which is 

also based on historic climatic data. This approach has become increasingly 

popular to assess crop conditions and to obtain relative crop yield information. 

The index is based on an agroclimatic variable such as cumulative precipitation, 

PET, ET/PET, soil moisture, and others which is directly associated with the 

year-to-year variations in crop yield. The index provides a measure of climatic 

impact on the crop, particularly for drought impact assessment. 



The agroclimatic,. variable on which the index is based could be viewed as 

that predictor variable bbich would produce a statistically significant 

regression mode., if reliable yield data were available. The choice of the 

proper agroclimatic variable can be determined by: 1) knowledge of those clima

tic conditions which determine yield, particularly in mrginal, semi-arid pro

duction regions where crops are rainfed, 2) information on the appropriate 

variables determined by regression analysis for similar regions and 3) episodic 

event data on the historical causes (both weather and non-weather factors) 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. Episodic data 

can also be used to interpret or "calibrate" the indices for a particular 

region. For example, the index can be computed fran 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 numbers, percent of normal, per

cent of some base year, percentiles, standard deviations, etc. Episodic reports 

on the failure of crops due to drought may suggest for example, that 

"historically crop failure is associated with index values which are belowthe 

20th percentile or equivalently 10 percent of normal." 

The third type of model is 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 development of a plant, for example, cotton, 

maize, wheat and sorghum. The models have been used as a farm management tool, 

for example, to examine various strategies for increasing production. The 
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models are being tested to determine if they can be used to provide assessment 

information on crop phenology and relative yields for a large area such as a
 

province. The models work best in the regions where 
 they were developed, but
 

can be potentially adapted for application to other areas.
 

Appl ,.ations
 

The statistical crop models and the agroclimatic/crop condition index models 

are primarily drought impact models. Excessive moisture or flooding conditions 

are umually quite difficult to model. However, a skilled analyst can use the
 

models to provide very useful 
crop yield infomation. The capabilities (when 

the model works) and limitations (when the model does not work) of the model 

must be used as guidelines for interpreting the output of the model.
 

Statistical climate/crop yield models can be used 
 for other applications. 

For example, long-term records of climatic data can be used to simulate yield 

well beyond the period of record for observed yield data. Yield is an integra

tor of climate and the model converts climatic data into simulated yield. 

Simulated yields can be used to determine the risk of crop failure, estimate 

probabilities of crop failure (2 or 3 consecutive years, etc.), 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 yield or production can also be associated with long-term trends in 

rainfall. Sometimes trend in yield due to climatic trend can also be associated 

with trend in yield due to improved technology or decreased soil fertility. 

Steyaert, Ravelo and Achutuni (1979) used a statistical crop yield model to 

investigate the vulnerability of maize to drought in Haiti due to soil erosion. 

They found that soil erosion (associated with deforestation) and the reduced 
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water holding capacity of the soil resulted in increased vulnerability of maize 

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

through dry spells. 

Crop yield models can be important tools for land use studies or analysis of 

climatic change (What happens to yield if rainfall decreases by 50 percent?). 

The models can increase awareness and knowledge about those climatic conditions 

which affect yield. Finally, the models can in some cases be used as a basis for 

farmer's advisories, e.g., reconmended planting date, irrigation scheduling, and: 

fertilizer applications (see Steyaert et al, 1981). 

B. Analytic Steps to Model Development 

Year-to-year changes in crop yield 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, 

water control, tillage practices, etc.), and/or technology (variety, fertilizer 

and pesticide applications, irrigation, etc.). These factors plus soil deter

mine the potential yield. Trends in yield can be associated with either changes 

in technology (e.g., increased technology impact each year), trend in climate or 

both. 

The above factors suggest the need for several different types of data 

bases: meteorological, crop statistics (area, yield and production), technology 

and episodic as previously described. Detailed 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 reliability and adequacy of meteorological and 

yield data must be determined. Too much emphasis cannot be placed on this step. 

The modeler must become very familiar with agricultural practices and the 

factors which cause yield variability. The candidate predictor variables, role 
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of 	technology, and significance of decadal, monthly or seasonal predictor 

variables must be determined.
 

In the traditional statistical climate/crop yield 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 in yield, a time or year 

term has traditionally been used as a surrogate variable for technology. The 

time trend variable can be included as a predictor variable in the model 

development. 

Scatter diagrams and linear correlations are used to select preliminary pre

dictor variables which must be statistically related to yield as well as biolo

gically related to the crop. Linear regression analysis is used to develop the 

model. The final models must be tested and evaluated. 

Some of the advantages and disadvantages of statistical climate/crop yield 

models are: 

Disadvantages 

1) 	 They use a fixed crop calendar, i.e., it is assumed that the planting 

and vegetative growth stages, etc., occur at the same time each year. 

Therefore, if a delay in planting occurs, the model may not be able to 

respond.
 

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

changes in the weather or climate. 

3) Shorter period weather phenomena, especially episodes such as extreme 

temperatures, high winds, freeze, or flooding cannot be modeled very 

well.
 

4) 	 Episodes usually do not occur frequently enough to do a quantitative 

analysis. 
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'
5) 	 Regression models tend to predict "close to the mean yield I and do not 

predict extremes very well . The models should not be-used to predict 

independently outside of the range data. 

6) The models use linear trend as a surrogate for technology. If not 

objectively specified, the trend term can be very misleading in the 

developnent and use of the model. Linear trend is used because the 

technology data are generally not available or are of low quality. 

Furthermore, no one has devised a statistical method of combining: 

weather and technology data.
 

7) 	Future climate/crop relationships may change from historical rela

tionships used to develop the model. For example, varieties could
 

change such as traditional to high yielding. The climatic responses
 

could be different.
 

Advantages
 

1) 	 These models are based on the statistical/agronomic/physical signifi

cance between the climatic data and crop yield data. Physical signifi

cance means that any weather or climatic variable used in the model has 

a high degree of biological relationship with known 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
 

model according to historical interrelationships. T-hey make the maximum
 

..	 an integrator of cliuse 	of historical climatic data and yield which is 


mate.
 

3) 	 The models are inexpensive'to operate and produce useful information, 

particularly if they are evaluated according to strengths and weaknesses 

along with other crop yield or crop condition forecast procedures. The 

models should be used to supplement other sources ofinformation. 
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C. Agroclimatic/Crop Condition Indices 

Agroclimatic/crop condition indices based on the (GIand 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 

rice was also calculated at these same stations. Both indices should be used in 

preparing climatic impact assessments. 

1. Generalized Monsoon Index (CMI)
 

This monsoon index is based on June 
through September monthly precipitation 

data. The weights 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 (P1=Jan, P2=Feb, etc.) for 1979 and the associated 

sample means from the period of record (NP1-Jan, NP2=Feb, etc.) at the meteoro

logical stations are indicated in Table 5.1. These data were also listed bj 

station. 

Table 5.2 shows the calculated OMI for 1979 at these stations. The GMI is 

expressed in millimeters at the end of each time period (GMI P6, MI P7, GMI PR 

and GMI P9). The "normal" (i.e., sample man) TMI at each period is provided: 

NGMI P6 at the end of Jtue, NGMI P7 at the end of July, etc. The percent of 

normal GMI for 1979 at each station is shown: PNGMI P6 for June, PNGMI P7 for 

July, etc. The 1979 OI values at each station are also expressed in percen

tiles which were determined from the historic record at each station. The per

centile variable is PLGMI P6 for June, PLGMI P7 for July, etc. 

Table 5.3 shows the CMI at Chaiyaphum for each year during the period 

1957-1981. The variables named are the same in Table 5.2 and the values foras 

1979 at Chaiyaphum agree in both tables. 
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TABLE 5.1 Northeast Thailand: Observed (P1, P2, etc.) and Normal (NP1,
NP2, etc.) Station Rainfall (mm) for 1979. 
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TABLE 5.2 Generalized Monsoon Index Analysis During the 1979 Southwest Monsoon 
Season for Stations in Northeast Thailand. 
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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 rake 

assessments during the period after 1981. 

Figure 5.1 shows the time-series plot of the GMI (expressed in percentiles) 

at Chaiyaphum 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 sta

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 Chaiyaphum were all below the 10th percentile. This 

suggests extremely dry conditions during the growing season, possibly severe 

drought impact at Chaiyaphum. Episodic 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. Because 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 is primarily designed to assess drought impact. However, GMI values 

above the 80-90th percentiles may be indicating flooding situations. These need 

to be verified by using episodic data and local experience. 

One of the primary tasks to be accomplished during test and evaluation is 

the "calibrated interpretation" of the GMI (this also applies to the other index 

models). Again, episodic event data and local experience are useful guides. A 

preliminary 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) 40-60th percentile range
 

for normal crops, 4) 30-40th 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 range there could be severe drought impact and maybe 

crop failure.
 

The GMI was defined for southwest monsoon conditions in Northeast Thailand. 

The index could also be defined for peninsular regions of Thailand where the 

Northeast monsoon provides substantial rainfall. 

2. Yield Moisture Index (YMI) 

The 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 analysis. Although maize and 

rice were chosen, the YMI for other crops that svsceare ptible to drought could 

have also been used. AISC uses the YMI to assess short-cycle crops such as 

rice, maize, beans, sorghum, millet, etc., that are vulnerable to drought. 

Long-cycle, drought resistant crops such as cassava, cow peas, etc., are not 

easily 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 those discussed 

under the GMI. 

YMI/MAIZE
 

The YMI for maize was defined for planting in May, vegetative stage in June 

and flowering/reproductive stage in July. The preliminary crop coefficients for 

each of these crop stages are 0.35 for planting, 0.50 for vegetative and 1.05 

for flowering. The YMI is accumulated at the end of each stage. The index 

value and its relationship to potential drought impact on the crop becomes m 3t 

reliable at the end of flowering. 
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Table 5.4 and 5.5 show the YMI for maize at the stations inNortheast 

Thailand and during 1979 and at Chaiyaphun (1957-1981), respectively. The index 

is expressed inmillimeters at the end of planting (YMI_P), vegetative (YMIV) 

and flowering (YMIF). "Normal" (or sample mean) values of the YMI determined 

from the period of record at each station are indicated, e.g., NYMI P at
 

planting, etc. The percent normal values (PNYMI P at the end of the planting,
 

etc.) are indicated. The percentile values for each crop stage are provided
 

(e.g., PLYMIP for planting).
 

Figure 5.2 shows the historic plot of the YMI/Maize (inpercentiles) at
 

Chaiyaphm. The use of the YMI inassessments and the interpretation of the YMI,
 

is directly analogous to the discussion in the GMI, except the YMI is specif

ically designed for maize.
 

The percentiles indicated inFigure 5.2 can be interpreted as follows. The 

YMI at the end of planting (IT"inFigure 5.2) and end of vegetative crop stage 

("fV") and flowering ("F") suggest crop conditions during the growing season. 

The percentile value at the end of flowering also suggests relative maize yield, 

i.e., the maize yield relative to yields inother years. This type of index 

information can be converted into an estimate of absolute crop yield; however, 

this requires assumptions that are usually are very subjective. Therefore, crop 

condition assessments should be confined to statements based on relative infor

mation (i.e., percentiles, percent of normal index, etc.). It should be noted 

that percent normal YMI does not equate to percent normal yield. 

YMI/RICE
 

Tables 5.6 and 5.7 plus Figure 5.3 exemplify the developmient of the YMI/Rice
 

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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TABLE 5.7 Historical Yield Moisture Index Analysis for the Main Rice Crop at
 
Chaiyaphum.
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These include: 1) planting in June with a crop coefficient of 0.85, 2) vegeta. 

tion in July with KC of 1.05, 3) flowering iii August with KC of 1.05 and 4) 

matuation in September with KC of 0.95.'; 

D. Soil Moisture Assessments
 

The Palmer two-layer soil moisture budget model was used to estimate soil 

moisture at the agraneteorological stations (Figure 3.2). The Permnn PET method 

was used in estimating the monthly soil moisture budget. M.e Appendix also con

tains the results of this analysis. 

The soil moisture budget was similarly estimated at the twelve synoptic sta

tions (Figure 3.1), except that "normal" PET was used (Table 5.8). 

The R-Index (AET/PET), Soil Moisture Index (SMI) and the Palmer Drought 

Index (PDI) were also calcuated at the agraneteorological and synoptic stations 

in Northeast Thailand. These indices are by-products of the soil moisture 

budgeting process as outlined above (Figure 5.4).
 

The soil 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 maxir,,in available water capacity (AWC) of 100.4 mm in the soil profile. 

This generally resuits in a full profile particularly during August. The impli

cations must be carefull7 evaluated. 

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

Statistical climate/crop yield 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 predictions 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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SS MAY JUN? JULY
0.0000 0.00o AUGUST SEPTEMBER
0.0000 25.4000 25.4000 OCTOBER NOVEMBER DECEMBEP
SU u.0000 25.4000 25.4000
0.1211 0.0000 2,.4000
0.0000 41.600n 75.nO00 64.0936 9.4000 o.oono .00003
S 0.1211 0.0000 0.0000 670U0n 75.0000 75.000 75.0000 75,0000 29.7311
]00.4000 64.0936 0.0000
PCP 37.0000 2.0oo 80.0000 100.4000 100,4000 1?0.4000 84.4000
J04.000n 26.0006 29.7311
PET IUO.0000 11.O000 3 7 94.0000 303.0000 090U0 0.O000
134.0000 .000o 150000 13.0000 0.COOO 102.0000 28.0000 0.0000
ET 129.0000 18.0G00
J7.2543 2.1315 80.0000 137.000o 104.0000 118,0060 9e.0000
PR 15o.nooo 13t.3064 129.0000 128.0000 100.ooo0
100.0246 100.2789 100.4000 100 104.0000 118.0000 82.66d9
R O0n 33.4000 ).0000 36306 310H 4
0:0020 0.O000 0.0000 67.0OOn 31.40 Q0 O 0 
000 00000 0.0000 16.0000 706689
36.3864 0 
 0 0009 0
0.396 0.133 0 . 000
0.0000 
 0.00n
0.2543 0.1315 7o I
0.0000 0.00On 110.20 02.3
PO 0.n000 3h.3064 14 102044
0.3754 0.1211 0.0000 0.C"o 84.115
u.0001 67.nO00 0.0000 94300 758546689 31.3H94
00000 00000 

0.0000 10n.04000 64:0936 00.40on 16.0000 31.3A
o(o0 . 100.4000 100.400o
U,000n 142.60U0 84.4000 29.7311
0000U0 137,6936 181.0000 206.0000 
 0.0000 0.0000 
 0.0000
 

TABLE 5.8 Soil Moisture Budget for Surin Using the Palmer 2-Layer Model.
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FIGURE 5.4 Palmer Drought Index Analysis-for Surin. 
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the crop and reflect vulnerability of the crop to climate ancnalies which lead 

to yield losses.
 

Monthly precipitation and temperature were used as predictor variabiles in 

developing the linear regression models for maize and rice. 

The linear regression models have the form: 

N 
Y = ao +T aixi 

i=1 

where: 

Yis the predicted yield (mt/ra .), 

ao is the regression constant (i.e., intercept), and 

ai is the ith estimated regress'.on coefficient for the Nth
 

meteorological variable xi.
 

Maize Models 

Maize data on area, production and yield for Northeast Thailand is provided 

in Table 5.9. The standardized plot of the data (Figure 5.5) indicates no 

significant trend in the yield. This may be due to: 1) an expansion of the 

crop into marginal areas and/or 2) the low level of technological inputs to 

maize provided by most farmers. 

The input data for modeling maize are shown in Table 5.10. Linear correla

tions between yield and weather variables or detrended yield and weather 

variables are shown in Table 5. 11. Maize in Northeast Thailand is 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 yield are shown in Figures 

5.6-5.8. The year 1968 was deleted fran the analysis due to the incidence of 

pests and disease.
 

http:regress'.on


OBS COUNTRY REGION. CR3P YEAR 
 AREA PROD YIELD
 
I THAILAND NORTHEAST 
 MAIZE 1967 524020 122775 0.234294
THAILAND NORTHEAST MAIZE 1963 
 647295 129440 0 199971
THAILAND NORTHEAST 
 MAIZ: 1969 500900 165000 0.329407
4. THAILAND NORTHEAST MAIZE 1970 
 689100 280000 0.406327
5 THAILANI) NORTHEAST 
 MAIZE 1971 1006000 401500 0.399105
6 THAILAND NORTHEAST MA1ZE 1972 
 1100000 215600 0.196000
7 THAILAND NORTHEAST 


r) MALZL. 1973 1536000 456000 0.296875
B THAILAN NORTHEAST MAIZE 
 1974 1874000 553000 0.295091
9 THAILaNr) NORTHEAST 
 MAIZE 1975 2143022 704062 0.328537
10 THAILAND NORTHEAST 
 MAZ- 1976 2586700 744208 0,287706
11 THAILAND NORTHEAST MAIZ- 1977 
 1859746 394433 0.212090
12 THAILAND NOPTHEAST MAIZ: 1973 
 2047943 566909 0,276819
13 THAILANn NORTHEAST 
 MAIZL. 1979 2437036 673542 0.276378
14 THAILAND NORTHEAST 
 4AIZC 1-)80 2267002 730408 0,322191
15 THAILAND NORtTHEAST 
 MAIZE 19H1 3043753 970842 0,318962
 

TABLE 5.9 Area (Ral), Production (Metric Tons) and Yield (T/Rai) Data
 
for Maize in Northeast Thailand..
 



NORTHEAST THAILAND
 
MAIZE: AREA, PRODUCTION, AND YIELD 

I A. 

0.0 . A". 
0.91 A 
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A A
 

-0l3 p 

" " " . . . A . .I " y .. .. . 

-0.9 
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' .I " "P - " A-. " " " • " :  ' " y:
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FIGURE 5.5-"Standardized Plot of.Area (A), Production (P) and.I ield. (Y) :for Maize-::
' " "in .Northeast Thailand. ' " - ::
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NORTHEAST THAILAND 
YIELD-WEATHER CORRELATIONS FOR MAIZE 

CORRELATION COEFFICIENTS / PROB 
> IRI UJDER .H0:QHO=0 / NUMBF, OFi OBSERVATIONS
 

YIELO
 

P6 9 P6 10 P6 8 P5 9 P5 10 P5 8 P8
0.70422 0.67960 0.67019 0.67001 9 T6 P57 P6 7
 
0.0072 0.0106 0.0122 

0.66385 .0662 0 0.64907 -0.64609 0657372 0.567Tq
0.0122 0.0124 
 0.0136 0.0164 0.0170
13 13 13 0.0404 0.043n
13 13 13 
 13 13 13 
 13
 
PS6_8 0
0 66 TB16 0
0 4 0.529i0 065204 7 9 T7 P9 T3
0 51 0 49259 -0 48515 P67 10o
0.0436 0.0507 6.0629 0 49398 0,46854 0 

13 

0.0681 6.0900 6.0872 6.0929 6.0 38 0.1063 
26 

13 13 13 6.1189
13 13 
 13 13 13 
 13
 
P5 TI
0 43584 -0 43560 -0 4. 113 T5 610P7 18 
 T
0 3o.8 -0 345 6 0 31440 o3o07 U6284 0 24161
6.1366 6.1368 6.1668 6.1929 6.2467 0 207106.295s 0.3192 6.345513 13 13 13 13 

6.42e5 6.497?,13 13 
 13 13 13 
PI - AREA 11 L2P5 10 2.11 Elps 100.19241 -0.18314 0.18195 -0.18U23 -0.14242 P2 T12 P4 P1
.1235 -0.10555 -0.08370
0.5288 0.5493 05519 0.08197 -0.05959
0.5557 0.6426 .6808 
 0.7315
13 13 13 13 0.7857 0.790A 0.8464
13 13 13 
 13 .13 13
 

Pl0 P3 T9
-0 03206 -0.00335 0.00171

6.9172 6.9913 
 0.9956
 

13 13 13
 

DTYLD
 
P6 9 P58 P6 8 P510
728T5 0672271 0 71662 P5 9 P6 10 T6
0048 0 70721 0 70S9 0 70510 9 p
.0053 0.0058 6.0066 6.0067 0 66560 86539 06!22r97 P6 7
6.0071 0 59937
6.0130 6.0154 6.0232 6.0304
 

13 13 13 13 13 
 13 13 
 13 13 13

PS 6 YMI T8 
 P8 10 P79 :6
0-685 0656179 -0 55984 0.55933 

- T7 P5 P7 10 T3
0 531 0 050671 -0 50657
6,0342 0457 u 49828 0 49318 0 487836.0466 0.0469 6.013 6.077 6.0773 6.0831
13 13 13 6.0868 60.090R
13 13 
 13 13 13 
 13 130 009 0 P910 P738TS
06 .1136 0 98 T4
.1320 6.14 07 A2 06353T7 063546 U629913 P7 Pll
0 44040 0 5 0 2 13 0.27332 -0-229346.2218 .390 
 6.3208 6.3662 6.4510 

13 13 
 13 13 
 13 13 13 
 13 13 13
 
T2 2 L2P510


0 22201 02.1 6 P1 1o4o6o8,oP40.o 12
0 184 )q 6J00 071 4 P2 461TQ
14528- 1 3 011540 0o0355 -0~4
6.4660 4.5304 6.5458 030 2
6358 6.6609 8.iO01 7 
13 0.7849 6.B037
13 13 .8621 6.8809
13 13 
 13 13 
 13 13 
 13
 

:TABLE,5.11 Correlation Analysis for Maize in Northeast Thailand.
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C6RRELIATION COEFFICIENTS /PROD 
 IRI UNDER HOIRNOsO/ NUMSF+.OFi-OBSERVATIONS.
 
DTYLD 

-0 
PI0 

02525 -06,9347
13 

AREA P3 
02073 -0 01456."
.9464 8.9623 

13 13 

YEAR 
AREA P1l TS T90.92615 -0984 -0.38118'-0.36731 -0.335360.0001 0.1647 0.1695 0.1964 0.239614 14 14 14 14.-
P5 8 P7 T8 P2 Y'sj-0.23693 0.2508 0619548

0,3938 0.4117, 0.4147 
14 14 0 4147 0 4 

P5 10 Ig7 9 P~l57 P911P596Pl06185 0 7 01607 -015862 -0614253.570 5795 0.5846 6.5881 6.619614 14 14 14 14,. 
P6 - P9 10 P6 - P5 6 pj 90 026 O. 06g78 0 06552 06235 0 50 5 

14 .8126 408239018323 6865 
1 41 41 4 

P3 TI? 0?,1 

-0.02334 0.0212 -0* 0.9369 0.9425 O.9494 

P7 8 P12 PIo.30598 -0.28951 -0.26920.2874 0.3154 0.351914 14 14 
p7 10 Pb 8 T40.!8t] 0 878-0 

0416
0.10 a.20s14 14 

562-30,0 0.11205 u 1q189
0.6316 0a. 029 28914 14 14 

T2 62P5 10 TI0 0480 015 -IS 0 
187040.8782 0,216 
414 14 

PS 
26806 0 .657R
0.3541 0.3594 

14 14 

T7 
7 0. 

0160-.60 
6.5468% 0.565A14 14 
P60 PR00P10 in 

0..7335 0.7351 
14 14 

T3 LiPS 10 

.9221 0.9369 
14 14 

14 14 14. 

.TABLE 5.11 Correlation- Analysis:-Lfor Maize in Nrtheast Thailand (on tnued). 



NORTHEAST THAILAND
MAIZE: TIME - SERIES OF YIELD AND P5-8 
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FIGURE-5.6 Time series of Standardized Maize Yield (Y)and May through August
Rainfall (P5_8) for Northeast Thailand. 
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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. 
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NORTHEAST THAILAND

MAIZE: TIME - SERIES OF YIELD AND P5-9 
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.FIGURE 5.8 Time Series of Standardized Maize Yield (Y) and May through September
Rainfall (P5_9) for Northeast Thailand. 
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TWo models were developed for maize in Northeast Thailand. The first model 

(Table 5.12) includes P5_8 and TR. The model explains 58 percent of the 

variability in yield and has a standard error of 0.04 mt/rai. The model fit is 

shown in Figure 5.9. This is the primary model recommended for test and eval

uation. 

The second model for maize includes P5_9 and T8 as predictor variables 

(Table 5.13). This model explains 60 percent of the yield variability and has a 

standard error of 0.04 mt/rai. The model fit is shown in Figure 5.10. 

Rice Model
 

Rice data on area, production and yield for Northeast Thailand is provided 

in Table 5.14. The standardized plot of the data is shown in Figure 5.11. No 

significant trend in the yield 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 yield versus weather variables and detrended yield versus weather 

variables are shwon in Table 5.16. Rice in Northeast Thailand is generally 

transplanted in July and harvested during December-January. 

Time series plots of P6-7 (June-July rainfall) and T8 (August temperature) 

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 yield due to 

weather and has a standard error of .11 mt/rai. The model fit is shown in 

Figure 5.14. The rice model looks pranising and it has to be tested extensively 

prior to operational use.
 



NORTHEAST THAILAND
MAIZE YIELD MODEL (1) 

MODEL: MODELO1 SSE 0.0199 F RATTO 

PROB>F 


DED VAR: YIELD HSE 0.001995972 R-SQUARE 


PARAMETE2 SIANDAR
VARIABLE 
 DF ESTTMATE RROR. T RATIO 

INTERCEPT 1 
 1 693978 0.888b29 1.9063 

PS 1 0.00Ho391305 0.0000899542 
 2.6584

T8- 1 -0.057825 0.031862 -1.8148 


6
 
U.0193
 
U:5782
 

.--

PRDBITI
 

.0857
 
u.0240
 
U.0996
 

TABLE 5.12 Maize Yield Model(1) for Northeast Thailaid Using August
Temperature (T8) and May through August Rainfall (P5_8). 



NORTHEAST THAILAND
 
MAIZE YIELD MODEL I 

4ODEL 	: YHATa 1.69 o00024
9 05_8 - .06 frs
 
R-SQUARE a 58% 
 S. x 	.04 MT/RAI


0 a OBSERVED YIELO(MT/RAII-
 P a PREDICTED YIEIJA(Mr/PAI1 

0.-4001 
 0 

0.37
 
0.350. 
 pp
 

: I
Ill 	 - + 
- 0.3251 8 ft:
 

0
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]FIGURE 5.9 Northeast Thailand: Maize Yield Model(l) 
using 	August Temperature I(T8)

and May through August Rainfall (P5_8).
 



COUNTRY=THAILAND RE3I0N=NORTHEAST 
 CROP=MAIZ.
 

MODEL: MOUIEL01 SSE 06019318 F RATTO 
 7 44;

OFE 10 PROB>F u olosDEP VAR: YIELD MSE 0.001901781 R-SQUARE Uo5981
 

PARAMETER STANDARD
VARIABLE DF ESTIMATE ERROR 
 T RATIO PRDB>ITI
 

INTERCEPT. : :.! 1 1 724619
P5 9 
 0 861150 0 2
2 0027 A 0731
 
1-
T8- ' -0.00001932 .00006761572 -8129
 

T871 
 0.05 530 0~.030 B94- 219269u02 

TABLE 5.13 Maize.Yield-Model (2) for Northeast Thailand Using August Temperature

(T8) and Maythrough September Rainfall (P5 9).
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NORTHEAST THAILAND 
MAIZE YIELD MODEL 2" 

MODEL : YHAT = 1.72 * .0002 * P5-9 - .06 IB-

R-SQUARE a 60% S.E .
.04 MT/RAI

0 " OBSERVED YIELD(MT/RAI) 
 P - PqEDI|CTED YIEI'),(NT/RAI" 

p 

p0 

.
0
 

- -. -- o 


p 0 

. -- . p 

-

0
 -

-1-957.---------------16-17 1--------------7 0 -

197 98 173 .1974, 1975 N9Th 177 178 979 199099.1901911972 


YEAR 

Northeast Thailand: Maize Yield Model Using August Temperature (T8)
 
and May through September Rainfall (P5_9).
 



OBS COUNTRY REGION CROP YEAR AREA PROD YIELD 

1 
2 

THAILAND 
THAILAND 

NORTHEAST 
NORTHEAST 

MAIN RICE 
MAIN RICE 

1960 
1961 

147294b2 
15587306 

2774844 
2807072 

1,17742 
1.12554 

3 THAILAND NORTHEAST MAIN RICE. 1962 18031194 3665952 1.27070 
4 
5 
6 
7 

THAILAND 
THAILAND 
THAILAND 
THAILAND 

NORTHEAST 
NORTHEAST 
NORTHEAST 
NORTHEAST 

MAIN RICE. 
MAIN RICE. 
MAIN RIC. 
MAIN RI .E 

1963 
1964 
1965 
1966 

17169609 
15652300 
15513181 
19b41444 

3515532 
3301117 
2733932 
3792227 

1,27970 
1,31814 
1:10146 
1.19454 

8 THAILAND NORTHEAST MAIN RICE 1967 153333S6 2349250 0.95757 
9 THAILAND NOF'THEAST MAIN RIC* 1968 18066856 3189930 1.10352 

10 THAILAND 
11 THAILAND 

NORTHEAST 
NORTHEAST 

MAIN RI E: 
MAIN RI-' 

1969 
1970 

2048035U 
20702962 

480000 
4920000 

1.39768 
1. 8529 

13 
1 THAILAND 

THAILAND 
NORTHEAST 
NORTHEAST 

MAIN RI~g
MAIN RI4: 

1971 
1972 

21725969 
18439275 

5434000 
4188460 

1,56322 
1.41966 

14 THAILAND NORTHEAST MAIN RISE" 1973 22401900 4610340 1 28626 
15 THAILAND NORTHEAST MAIN RICE 1974 ?0880044 3773000 1:12937 
16 
17 

THAILAND 
THAILAND 

NORTHEAST 
NORTHEAST 

MAIN RICE 
MAIN RISE 

1975 
1976 

25287319 
24U17037 

5321329 
4671025 

1.31522 
1.21555 

18 THAILAND NORTHEAST MAIN RIC- 1977 2S039662 3537747 0.88304 

TABLE 5.14 Area (Rai),, Prduction (Iletric Tons) andYield (MtIRi) for Northeast Thailand. 



NORTHEAST THAILAND 
AREA, PRODUCTION, AND YIELD 
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NORTHEAST THAILAND: 
IJPUT DATA FOR CROP 'ODELIIN3
 
------- COUNTRY=THAILAND 
 REGIDN=NORTHEAST 
 CRO0=MAIv.RICE 


OBS YEAR PI 
P2 P3 P4 P5 P6 P7 P8 P9 PlO P1l P12 Ti T2 T3 T4 T5 T6
 
1 1960 1 
 3 57 33 161 180 209 293 246 200
2 1961 i 0 23.7 24.1 29.5 30.4 29.4 28.8
0 7 52 97 202 203 160
3 1962 U 8 43 97 206 

242 347 150 1 0 22.1 26.e 28.5 29.5 28.6 27.5
175 260 252 41 119 10
4 1963 0 1 56 56 156 207 233 242 24. 
1 21.2 24.1 27.6 29.5 28.9 28.1
 

5 1964- 0 13 40 67 282 127 
112 62 1 19.5 23.b26.6 29.5 29.4 28.0
146 220 321 148 32
6 1965 0 23 36 106 239 222 82 9 

0 24.7 24.!s 27.5 29.6 27.9 28.4
171 209 239 
 0 21.7 26.J 27.4 29.1
7 1966 0 26 51 28.4 27.3
78 383 159 199 356 236 91 2
8 1967 4 11 16 102 185 150 173 178 32 
16 25.0 6.b-28.9 29.5 27.8 28,4


9 4739 2 21.9 23.4 27.9 29.1 29.0
1968 7 14 33 108 164 157 28.5
210 185 349 58 5 0 23.1 23.1 28.2 28.2 28.3 28.0
10 1969 28 4 46 81
11 1970 2 186 273 241 159 328 83 176 27 89 192 260 192 80 257 54 5 0 25.6 26:e. 23.8 29.7 29.6 28.3
7 23.4 25°1 29.5 28.9 28.9 27.6
1 1 20 2' 88 184 26 223 265 25 
69
2 733 5 82 100 27 187 227 265 148 25 14 21.7 24.1 27.3 29.4 28.3 27.3
14 6 21. 25.4 25.1
1973 0 8 19 57 27.7 30.1 28 0
162 204 226 201 250 57 5 2 23. 
 27.e 29.1 31.3 28.9 28.5
 
OS T7 
 TS T9 TIO T11 T12 AREA PRoD YIELD P5_6 J657 P5_8 P5_9 P5_10
 

1 28.1 27.6 27.1 
26.3 25.9 22.5 14729462 2774844 1.18 
 340 349 
 842 1087 1288
2 27.9 27.5 26.6 
?6.6 25.4 24.1 15587306 2807072
3 27.6 27.1 13 405
26,6 26,4 25.0 21,7 18031194 3665952 1.?7 
o65 806 1153 1304


4 27.1 27.3 7,3 P6.6 26.0 381 b40 83 305 14J4
22.6 17169569 3515532 
1.28 36J 295 
 838 1085 1197
5 28.0 27.5 27.0 26.8 23.2 21.7
6 27.8 27.5 27.2 27.2 25.8 24.7 
15652300 3301117 1.32 409 
 255 775 1096 1244
15513181 2733932 
1.10 461 840
7 28.1 26.9 26.6 27.2 b31 1079 1161
25.3 24.9 19841444- 3792227
8 28.1 27.8 26.4 25.8 1.19 542 142 1098 1334 1425
25.2 21.7 15333356 2349250 0.96
9 28.4 27.8 27.1 335 D08 686 1008 1055
26.3 26.3 25.2 18066!56 3189930 1.10 374 715
o31 1060 1118
10 27.9 27.1 27.2 26. 
 21.6 20480350 4580000
11 27. 27. 26 1 40 459 100 859 1188 1271
12 27.1 4 ? 24.4 20702962 4920000 1.49 451
26.9 27.3 25:3 ?27 22.3 21725369 5434000 1.56 543 q23 1190 1243
443 b66 931 1186 1255
27:2 27:3 27:2 25:9 23:8 18439275 4189460 1 42 
 378 n65 
 793 1057 1206
3270 261 237 208 22401900 4610340 1:29 
 366 .92 
 793 1053 1110
OBS P6_7 Pb_8 P6-9 P6_10 LIP5_10 L2P5_1O 
P7_8 p7_9 P7_10 oB.9 P8_10 P9_10 YmI
 

388 681 
 927 1127
363 605 95 128 501 747 947 538 739 446 913
402 749
3 434 6d7 1099 1304 899 589 739
2g 259! 51? 924 665 
497 924
 

4 439 682 929 1041 14?4 1044 784. 532 1078
2728 475 722 P34 490
5 273 493 814 602 359 909
962 1197 2b21 366 687 835 541 
 689 469
6 392 601 841 922 1244 2441 380 700 
797
 

7 358 71, 951 1042 1161 2405 556 
619 448 530 321 814
72 883
8 323 501 823 870 593 683 327 943
1425 2586 351 673 500 547
9 366 551 720
896 953 1055 2480 341 686 369 802
744 529 587 402 864
10 514 674 1002 1085 11i
11 452 A 7 4P)0 729
731 998 1052 1271 812 467 571 41 * 965
4/2 738 546
12 482 747 1002 1071 1243 2514 792 600 1 969
487 742 519
811 588 324 974
3 
 693 958 1406 1255 2498 4'14 679 
 827 492 64 413 93
632206 
 2460 427 688 744 462 5 317 8
 

TABLE 5.15 Input DatA for .Modeling Main Rice in Northeast Thailand. 



NooUMAST THAILAND: 
IPJT DATA FOR CROP MODELIN.
COUNTRYzTHAILAND 
 REGIDN=NORTHEAST 
 CROD=MAiJ 
RICE 08S YEAR PI P2 P3 
- - 7- .--
P4 PS 06 P7 P8 P9 
 Z1O P11 P12 Ti
16 1974 10 12 42 93 166 161 201 314 200 100 41 

T2 13 T4 TS T6
16 1975 23 33 1 22 3 234
17 
I1 46 214 248 226 258 264 119 24 b2.28.2 2.4-28.2
976 1 17 46 105 161 137 26 2 23.2 2.6 P 3
18 1977 4. 19 2 2
73 162 122 25.2 ?b.9 28.8 27.7 28.4
156 275 273 
 5 8 6 
22 6 22
0HS T7 T8 Pb.8 28.6 28.4 29o7
T9 TIO TII T12 
 AREA OROD YIELD PS_6 PSwI 
P38 P5_9 P5_10
15. 27.9 27.1
27.5 27.0 27 0 26,2 23.8
16 27.3 26.6 24.6 23.5 209800Q44 377300n 1.13
19.9 25287319 532132q 1:32 327 5-* 842
462 1042 114
'1? 27,4 25:5 27o0 26,9 23.0 22.7 24017037 4671025 1.22 298 

6 8u 946 1210 13218 
 SIP 777
27.9 27:.6 26:8 27.0 23.7 23.3 25039662 3537747 0.88 1043 1238
284 44o
ORS P6_7 P6_8 715 988 1045
P6_9 P6_10 LIPS 10 
 L2P3..10
15 362 676 P780 P7 9 P?_jo P8_9
875 1975 1110 P8_10 p9_1j0 ym.r
2316 S1.5 71
31 3t 815 513 613
995 36 300
115
351 6 7 4737310 142 22i 414 .867
1129 247 747
479 745 867 5
940 92 1
P726 01 33
461 9
872
18 278 5 
 8 888226 
 884 1238 257 431 704 383 96
761 549 606 
 330 816
 

TABLE 5.15 
 Input Dabia for Modeling Main Rice in Northeast Thailand continued.
 



COU4TRY=THAILAND 
 REGION=NORTHEAST
CORRELATION COEFFICIENTS / PROB > IRI 
CROP=AIy,RICE


UNDER HO:RHO:O / NUMBE 
, OF' OBSERVATIONS
 
YIELD- R NE OROo Nm~.OiOSRAIN
 

P6 7 
 P6 P6 8
0 74257-:0 68886 P6 9
06582 0.62975 P57

0.0004 6.0016 0 9 0 0.6196 0.X9 P610 T6
6.0030 8.0051 56 T? PS 8
6.0061 00086 8773 -u 5352 -0 5045
0.0140 
 6.0220 0 963
6.032 6.049
18~i 
 8 i81s1
81 
 18 18 1
8J O -
 P 9d 6ps 10 P12 ;21
4933 1P76.0372 06,0429 4~0-0'8119 0 473359 0646
6.0431 8.0472 0 23 85 0046 6
4 46-61 6.0761 0.2181 02 P71


062861
11811818 
 18 18 
 18 18 
 1
0042 
.241 1 -4!P2Z5 10 0.214BP7 9 02P7510 ~ 2T1214

0.3353 0.3699 0 0.2020- P4
0.4247 0.3937 10.18125 T8,4 AREA
18 0.4071 0.4214
18 16 18 18 0.421 0.4597 0.4717 0.0.5537
18 18 0 18 
 18 553
P3 T3 
 P1O is10 
 28
18 is 


0.14681 6!56~0 a.08711
0 12907 0.12190 0.10008 .0964.6 0.8 -0.07931 -u0.0 0
0- 6890,45
0.5610 18 [
•18 0.6098 09
18 0.6316 0.6928 7, o o7,
18 11 18 0.7179 0.,7290 o81,5 "°.8246 0.8607
17 0.7544
18 18 18
* P8 10 P9 10 18 18
PB
 
0 02 89 0.02328 
 0 00594
6.9219 0.9269 
 6.9813
18 18 18
 

DTYLD
 
P627 P6 g698 P69 
 PS7 
 P610
0.74129 0.68767 0.6556 T6 P58 T7
0.63434 
 0.6253
0.0004 0.6037b
0.0016 0.0031 0.57595 -U.54253
0.0047 0.0055 0.500T7 -0.50012
18 0.0080 0.0124
18 18 18 1. 0.0200 0.0345 0.0345
18 18 
 18 18
p7 P5 6 IR
PS 9
0.49307 089T4 P5 10
.. 004787 TS
06.7470 -0 46903 T9 D12
0.0376 0 46640 T2
6.0394 0641919 


18 
6.04 6.0465 0.0496 .oSii 0 3S903 _0 28877Tll 0 26472P 818 18 .0833 6.1106
18 18 .2452 6.2894
18 
 18 18 
 18 1n
24810 0.22125 -. 
 12 P7 10,P 10 
 P2 T4 
 P4
T5 ~21 98 0.2176 -0.20 T4
030 0.7 60.3804 .8 0 82P42J~0142.6818 18 0,3856 0!4498 0.421818 18 15 0e4399 04540 0 845418 0.5037
18 18 18 12
 

T3
0.1810 P13
.586 8.629 0 4 0609. 0884 -. 1018 6690801 ,7 0 E833 -06076pk -u04912P§1-0046P0.P 003518 18 18 18 0.7404 0.7615 0.8465 0.8538
18 0 803715
18 
 8 .17
8836
 

.TABLE
. 16 Correlation.Analysis for Main Rice in Northeast Thailand.
 



CORRELATION COEFFICIENTS /PROB 
 > IRI U~DR oqO0/'UB4 aBSRAIN
 
RIIUE DROo NUB4OISEVTOS
OTYLD 


P8 10 P5 P
o,03 99 -0 03550 0 0036.96.8872 6.8888 6,9884

18 18 18
 

YEAR
 
YEAAREA T1 
 P3 P9 10 L2P5|0 T
0.87918 -0.56154 -0.47424 -0.46 38 P5 10 P9 P810 P89
0.0001 0.0152 0.42565 -0642606 -064064 -0438647 -0.37568 -0.3211
i.G46R
18 18 0.049. 00993 0,0779 0.0976 0.1131
18 18 0.1245 0.1933
16 18 
 18 18 18
-020T3 
 1 57 0 P12 Pi PS 

18
 
S 0 - 7 T3 lips 1O
0 33 0 3081 P6 10 P1O
6.1953 6.1991 -0 305O0 -0610515 -66!8595 -u.27D16 P261995 6.2135 62156 026717 0 26594
0*21B2 6.2659 6!2783 6,2838 
 6.2851818
4231 -o 

181 
o4 -06!4043 -06!39 18 1s 17 18 is
-0.235 o 35 06 P 18
 

332 7 5 -09 6 - 4fI
3353 6.3365 -.
 3379 0.3471 3525 " 
 4505 - 655140 65119 _0 118 18 18 
 18 1 
 18 18 
 18 18 
 51

T7..0 12 P5 8
0!56 P6 8 21P7145 0.1968 pa P4 P67
0.5351 -0 081b 0.080r3
0.655 0.6565 67033 6.7480 .1520 

0 07630 0.0689 0 1 005
6.7635 0.1858 
 6,8302 0,848
18 18 18 i8 18 
 18 18 
 18 18 1?82
 
P7 1oTo3


0.03642 -0.035 1 
0.00141
 
08859 0.8881
18 18 0,9956
18
 

TABLE 5.16' Correlation 
 nlysSfor Main Rice in NortheastTailand (continued).
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FIGURE 5.12 	Time-Series .of Standardized Rice Yield.(Y) and June through July

Rainfall (PS_?I f c Northeast Thailand.
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FIGURE 5.13 Time-Series of Standardized Main Rice Yield (Y) and August Temperature
(T8) for Northeast Thailand. 



NORTHEAST THAILAND
 
MAIN RICE YIELD MODEL 

MODEL,:, MODEL01:. 


DE-VAR:YIELD
DEP'VAR: 


VARIABLE DF 

INTERCEPT 
 1

P6 7 
 -1 

T8-
 1 


SSE 0.187100 

OFE 
MYIELDMSE 

15 
0.0124-73 

PARAMETER STANDARD 
ESTIMATE ERROR 
4 758468 2.283286

0.001664107 0.0004072495 

-0.153374 
 0.081B89 


F RATIO 


PROB>F 

R-SQUARE 


T RATIO 


2.0840 

4,0862 


-1.8729 


13e13. 
U10005
 
U-6364
 

-PNOB>!TI
 

U.0547
 
U,00l0
 
0.0807
 

,. 5.17 Main Rice Yield Model for NortheastThailand Using August Temperature 

(T8).and Juneithrough July Rainfall(P67). 
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.FIGURE 51.,14 Mai Rice Yield Model for Northeast Thailand Using August Temperature
(T8) and June through July Rainfall (P6_7). 
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Model Simulations
 

Maize and rice yields for Thailand were simulated over the period 1951-1980 

using the crop yield models developed earlier, 1967-1980 for maize and 1960-1977 

for rice. Simulated yields for maize are shown inFigure 5.15 and those for 

rice in Figure 5.16. These plots are useful in studying the influence of 

weather on crop yield for the entire period of record, 1951-1981. This proce

dure can also be used to examine yield variability given fixed technology (trend 

specification). Finally, the approach can be used to examine the change in 

yield assocaited with various levels of rainfall. 
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FIGURE~5. 15 Simulated Time-Series of Main Maize Yield f or Northeast Thailand. 
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CHAPTER VI
 

ASSESSMFMN PROCFDURFS 

This chapter describes the structure of climatic impact assessments, the 

types of assessments proposed for Northeast Thailand, the agroclimatic models, 

display of the data, steps in making an assessment and cacments on user 

interpretation of assessments. Test and evaluation procedures for the period 

May-October 1983 are discussed. 

A. Definition and Assessment Fbnmat 

1. Definition 

The climatic impact assessment is a concise statement which provides decisior 

makers with quantified information on the current or potential effect of climate 

and weather variability on some aspect of socio-economic activity. Assessments 

could address )griculture 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 economic information. This process can be viewed as a means 

for interdisciplinary camunication and in many cases promote interagency 

dialogue. 

The meteorologist prepares a basic assessment from agroclimatic models and 

real-time meteorological input data. The assessment is provided to suchusers 

as food security managers, economic policy analysts, agricultural statisticians, 

extension officials and others. They can use the assessment to supplement 

information from other sources available to them. This process can frequently 

benefit the user's individual products, reports and forecasts. For example, 
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the agricultural statistician or economist involved in the crp production 

and yield forecast problem can combine the assessment with analysis from 

area farm survey results, crop cutting reports, farmers reports aid other data 

sources. 

There areno fixed rules for preparing an assessment and it isvery impor

tant to adapt the assessment to indiv.ual user needs. However, the following 

basic structure is reccmnended. 

2. Format 

The format for an assessment includes the following senvential statements: 

1) Impact, 2) Perspective, 3) Model Results, 4) Weather Analysis and 5) 

Support Information. Only information and data relevant to the impact are used 

in statements 2 through 5. These justify the Impact statement. 

Impact
 

This is the statement which directly comunicates needed information to the 

decision maker. The terminology is strictly associated with the user's
 

discipline. Preparing the impact statement is the most difficult task of the 

assessor. It must be objective and clearly stated.
 

Some example statements could include: 1) there will be a crop failure in 

Region X due to drought, 2) crop conditions are very poor in Region X and poten

tially represent the worst case of crop failure in the last 10 years, 3) there 

is the potential for isolated food shortages in Region X due to severe drought, 

or 4) agricultural crops are in very good condition and the prospects for this 

year's harvest are exceptionally good. If abnormal rainfall was a problem in 

the early 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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The impact statement does not include any technical discussion of meteor

ological events or data. 
These are described in subsequent portions of the 

assessment.
 

Perspective Statement
 

The perspective statement can be used to qualify the impact by describing
 

the expected scope and magnitude of the potential problem. .Forexample, 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 is,"this is the
 

worst drought in the past 30 years." The decision maker is provided with infor

mation on, "how large is the expected problem?".
 

Model Results
 

The perspective statement is followed by a discussion which lists the quan

titative results fram the assessment models. The model could be a drought or
 

crop condition index, a statistical crop yield 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 is below the 20th percentile", or "The southwest monsoon 

index is 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 information 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 describing con

ditions as bad or worse than conditions'in Thailand during 1979 would be well
 

understood by users.
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Weather Analysis
 

The weather analysis section describes the weather and climatic conditions
 

which were associated with the impact. Only relevant information and data are 

provided. Information such as seasonal rainfall amount, monthly rainfall, trop

ical storm conditions, etc., are provided. Statements on the behavior of the 

monsoon (erratic, late arrival, early retreat, etc.,) are included. This is the 

classical weather description.
 

Support Information
 

The very last portion of the assessment is optional and provides reliable
 

support statements taken fran secondary sources of information. For example, 

reports from the field would be appropriate. News media accounts are generally 

not reccmmended. 

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 analysis in 

great detail and considerable information and data on soil moisture. A table 

providing soil moisture estimates for each month could be included. The 

specific requirements and format desired by users must be obtained. 

C. Frequency for Making Assessments 

The models developed in this study use monthly meteorological data; there

fore, primary assessments are made within about 5 days after the end of each 

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 maintain continuity. 



154
 

Frequently, users require special assessment ceports which elaborate on the 

potential impact problems. These could be 5-10 page reports. 

Assessment models could be developed 

10 

D. 

day total rainfall) and 

Assessment Models 

assessments 

from 

made ev

decadal meteorological data (e.g., 

ery 10 days. 

Primary 

The primary assessmemt models to be tested include the Generalized Monsoon 

Index (GMI) for the June-September rainy season, the Yield Moisture Index (YMI) 

defined for main rainy season maize and rice, monthly soil moisture estimates 

determined from the Palmer two-layer model and preliminary statistical 

climate/crop yield models for main rice and maize crops. 

The historic indices have been sunarized in computerized tables and time

series plots for each station in Northeast Thailand (see Chapter V for 

examples). The index is 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 numerical form as well as percent nornal and percentile
 

rank. Percentile ranks range from zero to 100. 
Each table can be used as a 

worksheet to compute real-time index values for the current year (1982, 1983, 

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

for analysis. The tables and graphs permit the assessor to easily make can

parisons 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 

useful in performing a spatial analysis. 

'Soil moisture tables provide monthly moisture estimates for each layer in 

the soil (see Table 5.8). 
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Secondary models 

the Palmer Drought Index (PDI) are very importantThe climatic diagram and 

secondary assessment tools. The climatic diagram can be determined fram the 

soil moisture budget tables; however, the PDI (Figure 5.4$) is usually calculated 

on a computer. 

The climatic diagram 'can be presented'in either' table' or graphic fonmat~. It 

is very useful as a tool to analyze conditions during the progress of the crop' 

season.
 

The extension service and other users may be interested in receiving this 

information as a regular assessment product. Variables would include monthly 

rainfall, normal Potential Evapotranspiration (PET), Actual Evapotranspiration 

(AET), Soil Moisture (SM) and runoff. Rainfall or soil moisture normals could 

also be added.
 

It is also possible to define normal PET values for 10 day periods within 

each month. These can be used with real-time, decadal rainfall to provide the 

climatic diagram assessment every 10 days. Daily assessments can also be devel

oped. For example, NOAA/AISC converts monthly rainfall normals into daily nor-! 

mals. This same process could be used with PET. 

E. Display of Data 

In addition to the tables and graphs discussed above for the index models 

and climatic diagram, there are other useful ways to display the data for 

enhanced analysis. For example, it is useful to prepare station location maps 

for the Northeast Region and to spatially analyze rainfall data and index 

values. Rainfall data can be plotted as a percent of normal for indivudal 

months or the growing season. Cumulative .'ainfall during the growing season 

can be displayed on a graph which also shows the normal cumulative rainfall. 
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F. 	Steps for Preparing Assessments 

Some of the suggested procedural steps for preparation of an assessment 

include:' 

1) Obtain monthly rainfall data for the assessment stations and conduct 

,quality,control. Perform a spatial analysis. 

2) Enter the rainfall data into the tables for the CMI, ,YMIand Soil 

Moisture.
 

3) Calculate the raw values for the GMI and YMI for the 
assessment period, 

as appropriate. 

4) Calculate soil moisture, ART, etc. 

5) Use the historic index tables to calculate percent of normal (YMI & GMI) 

and interpolate the percentile rank from the tables. 

6) 
Plot the GMI and YMI percentile rank on the historic time-series plots. 

7) Determine climatic diagrams for the current year. 

8) Prepare maps which indicate the spatial variability of rainfall (percent 

normal) and indices (percentile rank). 

9) Prepare the assessment using the above results and in the recamended 

format as outlined above, and 

10) Obtain approval for the assessment and distribute to users in the 

Ministry of Agriculture and others, as appropriate. 

G. 	Comuients on Interpretation of Assessments by Users
 

The assessment should be viewed as an additional source of information that 

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

yses and extension services. The assessment o provides information in
 

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

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

changes in planted area, fertilizer and pesticide applications, varieties and 
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other management decisions; crop losses due to pests are not assessed. The 

assessment is most reliable for potential drought impact, not flooding damage or 

other extreme weather events. 

Drought impact can be reliably assessed by about 30 days before the crop 

harvest. This may represent as much as 3-6 months lead-time before econamici 

impacts., 

H. Comments on Test and Evaluation 

It is proposed that the assessment models be tested and evaluated on the 

1983 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 perio' is to evaluate the models, learn how to 

interpret them, gain experience in preparing the assessment and to establish a 

dialogue with users. The users needs must be detemined and their camnents are 

very necessary. 



CHAPTER VII
 

SUMMARY AND RECOMMENDATIONS 

This program focused on rainfed agriculture In Northeast Thailand because of 

its drought vulnerability. The climatic impact a esment models developed 

during 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 goverment. Assessments can 

be evaluated and verified according to user comments and reliable field reports. 

The usefulness of the agroclimatic indices and models can be determined. If 

they are satisifactory, operational assessments can be provided. It is also 

desirable 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 is to help decision makers and 

economists mitigate potentip." climatic impact on crops and the national economy 

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 governmental agencies or the public make economic decisions 

ranging from drought mitigation to land use plamdng. 

One advantage of these agroclimatic indices and models is that they are 

simple. The assessments and models are purposely designed for manual operation. 

However, it is desirable to have computer facilities for faster and more 

accurate processing. In addition, more information concerning the phenological 

stages of the main crops at the provincial level,should be obtained and. analyzed 

together with the available climatological infortation. Finally, knowledge of 
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local practices constitute an important requirement for the modeling as well as 

for the testing of the model. 

The Meteorological Department has agreed to be the NOAA/UMC focal point in 

Thailand for this technology transfer program and also to provide climatic 

impact assessments to appropriate agricultural and economic agencies. Thus, a 

staff or working group in this program should be set up. Cooperation with all 

other government agencies that deal with agriculture, land use and economics 

will help make the program worthwhile. Meetings between the staff and other 

governmental 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,
 

etc., should be encouraged. Local knowledge is also important. It can be pro

vided either fram other government agencies or through field surveys. The 

models and assessments will be of higher efficiency and more accurate if both 

the meteorological and agricultural experiment stations are linked together, 

i.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 represented in that region and greater efficiency
 

in assessments can be provided.
 

The models developed will be tested and evaluated in 1983. Thus, the first
 

trial assessments will be made and their usefulness can be estimated. 
Some 

adjustments will probably be made to imporve the models in various areas.
 

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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