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This report by Mr. Sutrisno, Agricultural Meteorologist, Meteorological and
Geophysical Service (RMG), descrihes agroclimatic assessment models developed
for ralnfed agriculture in Indonesia. These models can be used to implement a
reliable, timely, yet 1nexpensive weather-hased information system in Indonesia.
Weather analysis and climatic impact assessments can help declsion makers
including managers, agronomists, econanists, statisticlans, agrameteorologists,
and extension offlcials interpret and anticipate weather impacts on the agri-
cultural sector. Specifically, the system will continunusly rmonltor anc assess
the impact of weather (drought, flooding, high winds, heat stress, etc.) on
agriculture. Farly warning of potential crop fallure due to drought can be pro-
vided 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 durlng the crop growlng season. ™ese represent
additlional tools to complement and supplement other information sources used hy
statlistlclans to forecast crop production. Soll molsture estimates can he pro-
vided to the extenslon service. These agroclimatlc models also offer potential
long-term economic henefits related to agricultural planning and rural develop-
ment, e.g., minimizing climate risk in land and water resource management.

Java, Southeast Sumatra, Southwest Sulawesl, Rali, and West Nusa Tenggara
were chosen for this pllot study because weather and cllmate 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 agri-
culture and secondary food crops. The proposed agroclimatic assessment system
is ready to be tested and evaluated. After successful testing, the system can
be expanded to Include other reglions in Indonesia.

This work 1s the result of an intensive six week Orientation Program on
Agroclimatic Models and Climate Impact Assessment Technology. 'The program was
conducted in Columbia, Missourl, through the joint efforts of the NOAA/NFSDIS
Assessment and Information Services Center (AISC) - Models Rranch and the
Atmospheric Science Department, Tlnlversity of Missouri - Columbia. Te project
was sponsored by the Agency for International Development, Office of I.S.
Foreign Disaster Assistance (AID/OFDA), Washington, D.C., as part of a NOAA/AID
effort to transfer agroclimatic assessment technology to Southeast Asla.
Individuals 1n these agencies making, contributions to this study include:

Dr. Wayne L. Decker, Dr. Andres C. Ravelo, Nr. Atanas V. Todorov, Ken Wherry,
Judy Trujillo, Retty Whitmarsh and Jerry Wright of the University of Missourl -
Columhia; Dr. Clarence M. Sakamoto, Rita Terry and Susan Conrad,
NOAA/NESDIS/AISC-Models Branch, Cclumbia Missouri; and Alan Hankins,
AID/ASIA/TR, Walter C. Tappan, US/AIN Mission Jakarta and Paul Krumpe, AID/OFDA.

We were privileged to work with Mr. Sutrisno. He dedicated himself to many
extra hours of work in developing this svudy. Asslstance from offlcials in the
Government of Indonesla is also appreclated, in particular, Nrs. C. Sutrisno,
DG/PMG, and Mr. Sujadi Hardjawlnata, Director, Analysis and Planning, RMG.
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(‘HAPI'F‘R I

IN‘TRODU("]"ION

Indonesia is the wor'ld's lam:est archipelago enccmpassinp; near'lv 1.9 millionf
square kilometers across an east-west distance or 5,600 km. Agriculture pla,vs a.-
very important role in the mtional econamy even though only about 8 percent nf‘
the land is arable. Sixty percent of the working population 1is engaged i.n ‘
agriculture; agricultural products account for more than half of the national
income. Major food crops, in order of importance, include: rice, maize, ' - U
cassava, sago, sweet potatoes, yams, peanuts, soybeans and beans. Hew_ever",
adverse climate and weather sometimes lead to crop fallures and pmduction:
losses. Tese In turn affect the national economy and prosperity of the
Indonesian population.

The success of cropping practices depends on weather, climate,’ soll pro'nen-‘
ties and the genetic potential of the crop. Tese factors also limit mtential_
arop yield., 'The year-to-year variatlons Tn yteld are larpely detemined by el Lf-
mate, particularly when traditional cultural practices are adapted for rainfed
crops. The climatic hazérds for crops are flooding and drought. Depending on :
the severity, the effects of flooding are usually location specific. However,k .
severe drought impacts are usually more widespread. Drought can lead to - n
natlonal disaster and in extreme cases starvation, long~range econcmic»disloca-
tions and social disturbances. For example, the sever'e drought of 198? in Ir-ian.'
Jaya adver*sely impacted subsistence agr'icultur*e, which 1ed to serious f‘ood short-
ages. . o -

Te purpose of this research 1s to develop the scientif‘ic f‘oundation for a
Climatic Impact Assessment Program in Tndonesia. Assessments are based on '_
agroclimatic models developed fram historic, climatic and agricultural data. "

Assessments primarily focus on potential drought impact as related to short and



-lnn;r-ter'm econnmio planninp' needs. Tn fhe shor't—tem decadal nr' rmnthlv

:assessment r'epor'ts on climatic. immcr can be used bv policv and decision-mkem,

economic analysts, agricultural f‘or'ecasters and extension officials to develop

strateglies to mitigate potential drought impact. These same agroclimatic models

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

| ~‘ncr_nic' henefits in agricultural planningv and rural development. The results of

this research can be used in various f1élds as follows:

Farly Warning Assessment, reports on potential crop failure due to
drought. or flooding can be used by policy-makers and econamic ‘analysts

: to mit'igate potential climatic inpact on food security and develop

‘altemative strategles in econanic planning. This earl,y waming can

3

. represent as much as a 3-6 month lead-time before the occum'ence of‘

g econnmic impacts.

Pmp Condition Assessments can be used by agriculfural statisticians and

f‘,:economisfs to supplement and ccmplement other inf‘onnation sources (e.g.,

,v' ,-'A\field reports, probability sampling, erop cutting and market analysis)

' -‘f‘or' forecasting crop production. F'nr' example, reliable crop condition

_ inf‘omation can be provided about ?0 days before the harvest begins.

Sy

Weather' advisories and crop condition reports can be used by extension

of‘f‘icials as one source of inf'omation in makin'g recammendations to f‘arm-

ers on planting dates, irrigation scheduling, pest mnagement pracfices

v _.and/or' fertilizer application.
o
el ’and climatic risk analvsis) can benef‘it land and water' resource;manage-

Agroclimatic tools (plant water stress estimates, cmp water' nequir'ements

ment studies f‘or- agriculfural planning and mral ._,develomen Do



'“his r'epor't is wvitten to pr'ovide backgmund and technical ‘;inf'onnation f‘or' 2
those potentiallv involved with agr-oclimatic modeling; and prepar'inp; the E
a';sessmen'r.s. f‘hapt‘er' IT pmvidef; ap;mc'limafic hackgronnd ‘Lnf'or'mafion for
_ Indonesia, l.e., the physical environment and agricultural practices. The data
bases and methodology are discussed in Chapter ITI with some analytic results
discussed in Chapter IV. Crop modeling results and climatic impact assessmenf ’
pmcedures can be found in Chapters V and VI, bespectively. Recamnendations f‘cb
program implementation and future work are discussed in Chapter VII. Chep'cer"- |
VIII provides concluding remarks. Substahtial data bases are provided in
varlous Abpendices and Supplements.

The goal is to provide users in gover'ment agencies with assessments
" based on these models. Although assessments must: be thoroughly tested and eval-b‘v
_ua’ced under' quasi-operational conditions, this pr'opoe.ed climatic impact '
assessment pr'op;r'an has the potential to provide reliable, timely, vet inexpen- :
sive information. This inf'onnation on climatic impact can be used as an addi-,»:‘
tional int‘or'mation source to complemea.u and supplement exis'ring or pla.nned

1 nf‘or-mation sour'ces used for economic planning and decision making. : i L



CCHAPTFR-II

1. Pysical Fnviroment -

'The Indonesian ar-chipelago consists of about 1’% 000 1slands _of‘.”uhich 992 are

inhab ted. ’T‘he five 1slands of Swnatr-a, Java, Kalimantan, Slxiawesi and Ir'ian

‘kJava account for 90 percent of the total land area. |

| 'r‘he landscape of Indonesla is qulte varied with more Lhan ?0 momtains
*‘scattered among lowlands, valleys, plateaus and swamps.vMoat of‘ the momtains
‘._ar'e cover-ed by troplcal forest and many are either' active or extinct volcanoes.
rrhe topography of the five main islands 1is br'iefly swrmar'izen below.

Sumatra has an extensive mouptain range which par-allels the west coast.
Flevations of some mountains are in excess of 3,700 m. There are lowlands on
both sides of thesve mountalns and large swamps to the southeast. The monntains in
vvbJava ?'-liie much 'cleeer' to the southern coast and are not as continuous as those in
Sunatra. The mountains in Kalimantan lie along the Malaysian border; the
region to the south 1s a Qast lowland with swamps. Sulawesl 1s extremely
mountainous and has few narrow coastal plains. A large high mountain range
spans the central reglon of Irian Jaya. The mountain elevations range up tov
5,000 m. Dense tropical forest covers the mountains while the lowlands are
elther forested or swampland. The elevation of the principal area under
investigation is shown in Flgure 2.1.
| There are numer-ons rivers in Indonesla, but due to the size and shape of the
vislends most of the rivers are short with a small to moderate amount of water
: Plnw.‘ frﬁe flow of water varles essentially from season to season, particularly
in Java. In the rainy season these rivers swell and often inundate the low-
flving ar'eas, _while 1n tne dry season the water' level decreases below thd.t

'jnecessar'v t‘or' 1r'r'1gation.
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villages. i
. u The population of Indonesia 1s about 150 million;fﬂﬁ"

however, is very uneven.i The population density in Java 8 proVinces is between
‘59? and 11 023 persons per square kilometer, while Irian Jaya has an average of
on1113 persons per square kilometer (Table 2.1), Currently the~Indonesian
Glovernment has a project (The Transmigration Project) to hedistribute the
population of the country by resettling people fron the densely populated
-islands to the undeveloped and sparsely populated provinces of Irlan Jaya,

=S

Sulawesi Kalimantan and Sumatra.
3’.‘ Soils and Natural Vegetation

' ",:,i

Indonesian soils vary from place to place due to the large size off he

countrv and the various topographic features, clﬂnatic differences,.anditypes of
'natural vegetation. There are at least ten maior soil Aroups, and numerous
subgroups. Organic soils can be found in the lowlands along the coasts of
Sumatra, Kalimantan and Irian Jaya. Mineral soils primarily exist at higher
elevations. Because of continuous enrichment by volcanic ash and alluvial sedi—
ment, the solls in Java. and parts of Sumatra, Nusa "bnggara and Qulawesi are
more fertile than those on other islands. The water holding capacities of these
solls are shown in Table 2.7.

mhe natural vegetation of Indonesia consists mostly of dense tropical forest
in the upland areas, and mangrove arnd/or swamp vegetation along the coasts.‘ The

distribution of forests and non-apriculfural land 1n fhe sfudv area is shown in

- Wlpure 2.3. Tn the cultivated areas, Plnus sp. are found at higher elevations

‘while Tectona Grandis and bamboo prevail in the lowlands. (irasslands in Sumatra,
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FIGURE 2.2 Provinggsiand‘Crop Reporting Areas in‘Indoqesiag"i

KEY WORDS -

- UTARA = NORTH
SELATIN = SOUTH
BARAT = WEST
TIMUR = EAST
TENGGARA = SOUTHEAST
TENGAH = MIDDLE



Area
el ’ el e 2' . X of total Pbpulafion densi;y
- Province L S (k) area. (persons/kn?)
~ Daerah Istimewa Aceh ;2A;i? [};{55;392 2.88 47
Sumatra Utara . 770,787 3.69 116
Sumatra Barat 2.59 .. 68
Riaw 4.93
Jambi 2,34
Bengkulu 1.10
Lampung o ‘ .1,74;.
Sumatra Selatan N , 1@3.688 .,JS,QO;;

D.K.I. Dakarta
Jawa Barat
.Jawa Tengah
‘Df;, Jogaékarta
‘Java Timur ‘ S
) , Jawa total ... -
" Bald c
Nusa'Tenggara Barat

Sumatra total _ ‘4?3i6°6v, o

e
609
690

Nusa Tenggara Timur ) 7,876 - ‘v: 

. Timor Timur SRR U} L Y
Nusa Tenggar#‘tofgl'r8§;488"g B 4;81f

Kalimantan Barat Lo 146,760 7.65.

Kalimantan Tengah B ; "_15§;600 ' 7.95:

Ra]imantan Selatan R ' 37,660 1,96 

Kalimantan Timur - 202,440 10.55"
Kalimantan total 539,460 1

Sulawesi Utara 19,023

Sulawesi Tengah 69,726

Sulawesi Selatan o 72,781

Sﬁlawesi Tenggara ‘ 27,686 e
Sulavesi total 189,216 9.85

Maluku | 74,505 3.88

Irfan Jaya - 421,981 21.99

TOTAL INDONESIA '~ 1,919,443 100.00
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Téb’l_e 2.2 Basic Agroclimatic Data for Selected Piovinces in Indoﬁesia

STATION 1 1
- ~ 'g Capacity Peak sowing and harvesting Months for calculating | '@ -
™ TJE o of avail- | months and crop water man-~ indices and making | . °& ;

: walg |2 e ojable wa- agement practice &) : ’ assessments 8=
. 5 [¥] 2~ | Ry ter in th : LT ] -
Name S[Eg|oo 2R 1T y 23 |

uofeE|_ v i@ |prevall- 3ol :
& §.§ it P é: ing soils BRI B R R B
de Slm |2 2 & 3{mm/im soil| rice |maize]soybean]cassava| rice | maize|soybean|cassava 23
Province: Sumatra Selatan . k

Palembang Al d | 1112496{100{ 100-120 | 11-3m| 4-7r§ 4-6r § 11-7r¢ | 11-2 | 4-7 4-6 11-5 11-2;4-7

Pangkalpinang Al d ] 33l27276{100] 100-120 | 11-3r] 4-7¢| &4-6r | 11-7r | 11-2| 4=7 4-6 11~5 11-2;4-7

Tanjungpandan Al d | 44]3256] 75 80-100 | 11-2r|10-1r{ 3-6r | 11-7r | 11-2]10-1 | 3=5 11-5 11-2;4~7

Baturaja c{ m {150 100 100-120 | 11-3m| 4-7r - - 11-2 } 4-7 - - 11-2;4-7

" c m " 1] (1] 4-8" - - - [...7 - - - -

Rasul Cj m {198 100} 100-120 | 11-3m}| 4-7r - - -} 1=-2| 4-7 - o= ] 11-234-7 )

" cl m " " " 4~-8w - - - - - - e -

Province: Lampung N TR P ;

Telukbetung Al d | 10 100{ 100-1z0 | 10-2m|10-1r] 4-6r | 10-7r | 10-1 | 10-1 4-6 | 10-4 . 10-133-6

" Al d " " " 3-7w| - - - 3-6 - - - s

Tamanbogo Bl m | 20|3068{100f 100-120 | 11-2m| &4-7r] 4-6r | 11-8r | 11-2| 4-7 4-6 | 1l1=5 11-234-71. -

(1] Bl m 1] " (1] n 4w - - - 4=6 - - - s N

Kotabumi Cl m 32124881100 100-120 11-2rjll-2r 4-6r 11-7r 11-2 { 11-2 4-6 11-5 "11-234<7:1

Menggala Clm | 20 100{ 100-120 | 11-2r}11-2rj 4-6r | 11=7r | 11-2 | 11-2 4-6 11-5 11-2‘;4-7‘

Province: Jakarta : e

Kemayoran al a | s|2120]100] 100-120 | 11-20] - - - | n-2| - - - 11-2;4-7 |

n Al d " " " " 4eTw - - - 4=6 - - - B : ‘v

H. Perdanakusuma |A| d | 30{2317{100{ 100-120 | ll-2w| - - - 11-2| - - Co=o s 11-234-7 |

" ] Al d ufl n 1} 1] . 47w - - - 4=6 - - e Ca

Province: Jawa Barat - IR S

Serang A}l 4 | 25}1870(100§ 100 11-3w} 4-7m| 4=6m | 11-7¢ | 11-2| &4=7 | -

" al 4 n (1] " n b=7w - - - 4-6 - |

andung Al d {746]2029|100} 100-120 ) 11-3w]| &-7m| &=-6m | 1l1~7¢ | 11-2] &-7
" . Al 4 " " " S 48wl - - S T B B




‘Table 2,2 Basic ‘Agroclimatic Data for Ssleccsd Provinces in Indonesia (continued)

~ & Capacity Peak sowing and harvesting - ; Monr.hs for calculsting ”f‘g:,
e ) ~ 8 & of avail- months and crop water man- , indices and " making A ug
7'“Nai|e' 5 0> 3~ 25 able wa- agement practice 4) . oo assessments ' '3 i
S ~d g9 E: 38 ter in the ’ R ,':f;y . : __',‘-_5:»_:,
NES e~ T8 T prevail- , ColhilE R
° 2a 4 55 §a g ing soils . O I [ ; . :E,;‘
: E& OB #0 XS mm/lm soil rice maize soybean .cassava rice maize soybean cassava R 3~
T Province: Jawa Barat (con':i':iued)‘* - '.j : S - ’ |
‘Muara B m 260 4291 100 100  10-2v  4~Tm 4-6m - 11-Tr 10—1{%524-’7:-‘.: 4=6 " 11-5  10-1;3-6
" B m n " " n 3-6w - - . ; I ISVEE R .
Cipanas B m 1100 3229 100 120 - - - . 1-2 4-—7
. HMargahayu B m 1250 2337 100 120 - - - 11-2;4-7:
Pusakanegara B m 7 1969 100 100 11-3w - 4-6m- ‘11-2 4-7
" B m " u n " . 4=8w - - o -
Kuningan B m 545 2092 100 100-120 11-3w 4-Tm  4-6m o 3'~_-11-2 1.-7
" B m n " " " 48w - - .
- Pandeglang C m 252 2437 100 100 10-2w  4-7m  4~6m -_10-1 3-6'
" C m " 1} " " 3-7w - - e - .
Malingping C m 77 3212 100 100  11-3w  4-Tm  4-6m o 11-2;4-7
" C m " " te n 48w - - L - - P
Agrabinta C - m 200 100 100 11-3m  4-7m - e 11=234 1o
" . c m " n 1] 4-Bw - - - IR
~ ‘Tasikmalaya ~C m - 350 3258 100 80 11-3w  4~7m  4-6m
R € m 1] " " " 4{~Bw - -
- S . Prcvince: Jawa Tengah »
. Cilacas A d 6 3512 100 100 11-2v  4=7m  4-6m
w0 A d w o oon [ [ 1) 4=Tw - -
“Tegal' ' A d_, 11798 100 100 11-2m  4-7m  4-6m
e A d - w " " N 4=Tw - -
":'Semarnng/ AkhmadyaniA d 3 100 100 11-2w  4~7m 4-6m
o A d ”" " (1] 4= - -




Table 2.2 Basic Agroclimatic Data for Selected Provinces in Indonesia (continued)

STATION

—~ ‘8 Capacity . Peak" sowing and harveeting : - Months for calculating
>y qu% uSi of avail- : months’ and crop: water man- N indices and" makigg
o e 3 &5 able wa- agement practice 4) . assessments
[T B <] e 0.
Q7SN 5§32 28 ter in the
NRSEE=8 5T prevail-
82937 85 397 ing soil : I S )
* cead f¢8 igmﬂmmﬂ rice mhewﬂunuww&ruemuusuhmcuun‘f
: Province: Jawa Tengah (continued) ‘ I : o
.~ Jakenan - .. B m 7 1470 100 100 11-3m 11-2m 4-6m 11-7r 11-z¢_~;;
L B m " " " " 4-7w  4-Tm - - 4-6. o :
Bongos ~C m 495 100 80-100 11-3m - - - 11-2 . =i o '11-2 10-7,"_1
ll:;: . R SR c m " " ”"n 4=8w - - - . l‘—7 5 ‘.. -
Pekalongan - €. m 3 2453.100 100 11-3m  4=-7m 4=-6m 11-7r 11=-2"" . &- ' ,11-2;4-1;;
R R ,cl m " oon " n 4=Tw - - - . 4=6 - 5 - i LR
Waleri =~ - +C:m . 10 2414 100 - 100 11-2m  4-7m 4-6m 11-7r 11-2: .0 1 11-234-7
‘ Y T . '..,cf.m' LE I | B " " 4=Tw - - I 10?,6‘—,’» X - . ‘ .
Magelang “-C-m-380. - 100 100 11-3w  4-7m  4-6m 1ll-7r 11~2 T11=234=7
= " - cm o e " 4{=Tw - - - B 2 : -

O ;",  ", . Province: Yogyakarta ' ”,:;f’ R
Adisucipto’ . . - A.d. 1151839 100 90 11-3w  4-Tm  3-6m 1l-7r 11-2 C11-234-7 . -
Wuryantoro C.m 180 2095 75 90 11-3r 1l1-3r 3-6r 1l1l-7r 11-2~ 11-234=-7 .

" cm "o . " " - 4-7r - - PR - .
: ) ) _‘ Province: Jawa Timur
Hadiun/lswahyudi A d ‘105 1964 100 100 11-2w  4=7m  4-6m
. A d L 1] " " A - -
SLrabaya/Tanjung A d. 0 31533100 100 ° 1li-2w  4-7m  3-5m
Perak O . .

" CAd Mmoo e gy o e T

Kalianget “A°d- 31435 °75. 80 11-3m 11-2r  4~6a  1l-7r- -
11} . A d ;.’.A‘V-‘ll . »‘“, R .Jl‘ - ;,"

- . 3-6m-

18



Table 2.2 Basic Agroclimatic Data for Selected Provinces in Indonesia (concinued)

. ! L [ R Tt '
- s Capacity . Peal. souing and harvea:ing : Hom:hs for calculatin '5
- ~ E < of avail-  months and crop water" man-f‘""_ : mdices and® making o g
Wxmg 3 25 able wa- agement practice -4).. . S aaaeaaments 6 e
£¢ 8 Ea o in the R L et ;o RSN
~w e - 5.—4 guter n e e L
NEY e~ <& 7 prevail- Cooenieh AL TEIIERCI - &
aag ol §5 3§73 ing soil : e
: Eé‘ GE ¥0 ES om/lm soil rice maize soybean cassava: rigg_g_d_zmlman_y_wi >°_ g

SN T Province: Jawa Timur (concinued) : » A

Banyuwangi A d 51115100 100 11-26  4=7m  4ebm  11-7¢ 11-2 : 1125477
" . A d " L] 11 " . 4-7" - - - ) 4_6 ‘ v g - ‘_' Lo
Ngale B m 50 2136 100 100 11-2w  4-7m  4-6m 11—7:' 11-2. " 4-6: 11-2;4-7 .

n o B m " owu 1] " f=Tw - - - 4-6 -
Mojosari B m 30 1650 100 100 11-2w  4~7m  4=6m S 11-234-7
"o - B m "woon " n 4=Tw - e S - e
Kendalpayak - B m 450 1761 100 100-120 11-3w 4=7m  4-6m - 1142'447 -
L L B m n " " " 4=-8uw - . Ll S - A
Sumberpadas Cm 80 100 100 11-3w.  4-7m N 11-2'6 7‘ S

: " Cm " " " 4-8u - = -

Bendo C m 200 2468 100 100 11-3w  4-Im '\‘;11-2 4-7
" C m (1] ] " " 4=Bw - [T - -

. Geger C m 100 2081 75 90 11-2r 11-2r B ‘11—2 6-7"“. :
n ‘ C m " " o n ‘o 3-6r S - o
Bondowoso C m 250 2264 75 90 11-3m 11-2m : :11-2;.4'7'

" C m " " " " : - 3-6m L '» - e
Ringinpitu Cm 30 100 100 -11-3w  4-7m 11=-234=7
" c m " L1} " 4_7" - TR . et
Pasirian C m 100 1835 100 80 11-3w  4-7m > 11-254-7 . .
" C m " " " " 4-8w - ‘ L @t
Province: Bali RN -
A d 31174 100 - 100 11-2w  4-7m S -11-2 4-75 )
. A d “"v» " - ”l‘l ,“ . 3-7" - .
C m . 451353 75 ...100: " 11-2m  4=~7m ‘.~11-2 4-7’ .
S Com W o )  3=7w - . -

<t



Table 2.2 Basic Agroclimatic Data for Selected Provinces in Indonesia (continued)

STATION

. .. ot
= Eg Capacity Peak sowing and harvesting Months for calculating f§4 :
) & of avail~ months and Crop water man- indices and making :juig '
0> g 3 & able wa- agement practice 4) assessments Lo
g J 0 Erml . - i I
~d g 7 o9 ter in the oS
~Nus aE <3 o prevail- -
uoo'>v=t:_>.—=i 11 U
e 8 3 3 < -:; g-g ng so ' S 5 .; .
edd& 3 S8 &9 mm/lm 804l rice maize soybear cassava rice _maize soybean cassava - 2 3.
Province: Bali (continued) o ‘;Q e R B
C m 150 1476 100 100 11-3w  4-7m  4-6m - 11-2 4
Cam * v w u P S R
C m 310 2216 100 80-100 11-3m  4~7m 4-6m  11-7r 11-2' 
R ‘ , Province: Nusa Tenggara Barat ':;.
Ampenan . A 4 5 1432 75 100 11-2m  3<6m  3-5m - 11-2. ¢
Suzbawa Besar A d 51229 75 100 11-2r - 3-5r - 11-2 "
‘Taliwang~ % .. -C ' m 51523 75 100 11-2r - 3~5r - 11-2 . -
Amgang —— . C m 251231 75 100 11-2r - 3-5r -
o ,',:f RIS : Province: Sulawesi Selatan S
Ujung Pandang’ ~ A d' - 15 2900 100 100 11-2w  4~7m  4-6m - -2
] : - ,'IA d "7 AL ] " 4=Tw - - - - "
Maros ©B.m 5315 100 100 11-2w  4-7m  4-6m - =2
lf Lo o B o Snon 1] ", 4-Tw - - - . o - 3
Malino - . - C 'm 1021 3933 100 100 11-3m - - - - - - - "1142;4fl'
" , ; CIII " " " " 4~Bw - - - - - - et
Watampone € m - 20 2299 100 100 11-2m - - - 11-2 - - - 11-2;4-7".
" S c ,m': " " " " 4=Tw - - - 46 - - - - S o
Palopo C m 50 2518 100 100 11~2m - - - 11-2 - - - 11-2;4-7
" C m () " " " 4=7w - - - bL=6 - - - -

1) Data for soils and crop calendars represent the best estimate of prevailing conditions in the vicinity of the station.

2) Type A are synoptic stations, observing rainfall, air temperature, wind at 10m height, air humidity and atmospheric
pressure, RN
Type B are climatological stations, observing rainfall, air temperature, wind at 2m height, air humidicy, soil tempera~ -
ture, sunshine duration and evaporation from class A pan. ‘ .
Type C are rainfall stations, observing rainfall only. )

3) Reporting frequency "d" meens daily, while "m" means monthly. o , ‘ . I S e

4) "w'=crops near the station are mostly irrigated; "r'"crops near the station are mostly rainfed; "m"=both irrigated and
rainfed fields exist near the station. T N I R e

€T



. FIGURE 2.3 ut 1y
L . the Study Area. -
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FORESTS AND NON-AGRICULTURAL LANDS

The:Distribution-ofAFdrégth;aud'NdnfagriculturQJLands in
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Kalnnantan and Sulawesi result fram fanners clearing the fbrests, while 1n Nusa;j

Tenggara Timur, grassland 18 a natural product or drier climate.

4. Climate ‘ | :

The climate of Indonesia is warm and humid, with uniform temperatures
throughout the year. Ralnfall is the meteorological element with the highesti
spatial and temporal variation. The beginning of the ralny season 1s detenﬁinéd;
by the position and iIntensity of the Intertrobical Convergence Zone (ITCZ) B
which, as a camponent of large sqélé atmospheric circulation patterns, migrates
seasonally across the equator. Whebbainy season in Sumatra begins nomally in
October, while over the rest of the country it generally begins in November
(Figures 2.4a and 2.4b). e western hélf of Sumatra also has a well
pronounced secondary rainy season that hegins in April.

The mean annual rainfall of Indonesia is relatively high. There are |
numerous inter-provincial and intra-provincial differences in rainfall amounts',,
due to topographic influences. For example, in West Java agricuituval areas’f
along the northern coast recelve between 1,000 and 2,000 rm annually, while‘mény 
areas along the southern coast receive between 3,000 and 4,000 rnl(Figure'Q.S); ;
The mountalnous areas are the wettest wlth annual rainfall in excess of ‘
4,000 mm. The driest areas are found in the province of Nusa Tenggara Rarat,

Location and topography affect not only the amount but also the seasbnalb
variations of rainfall. As shown in Figure 2.la, station Cilacap in the pro-
vince of Central Java has 1ts monthly peak in November, while station Tegal in
the same province peaks in January. Fven more important are the intra-
provinical differences In South Sulawesi. Station Palopo has a more or less |
even distribution of rainfall dubing most of the yéar, with a peak in May. n
the other hand, station 1ljung Pandang has a'véry»well pronounced rainy seaéon
with a peak In January and an equally well ﬁronounced dry season of several

months (Figure 2.4b).
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INDONESIAN STUDY AREA
SELECTED PROVINCES

RAINFALL PATTERN

- I SUMATRA

’rIGURE 2 4a 7'5-Rainfa11 Patterns for Select Sta ‘ions in t:he Provincesvof
S Sumat:ra,’,l;\_ est Java and Central Java. L
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' INDONESIAN STUDY AREA
" SELECTED PROVINCES
RAINFALL PATTERN

_— KENDALPAY/

mm. " EASTJAVA .

SUMBAWA BESA!

suawesi

J " F 'M'A'M;J " TATS 0N

FIGURE 2.4b Rainfall Patterns for Select Stations in: the Provinces of East
Java, Nusa Tenggara and Sulawesi. I VR



INDONESIAN STUDY AREA
SELECTED PROVINCES
‘ANNUAL RAINFALL (mm)

FIGURE 2.5 Annual Rainfall Regimes for Selected Provinces in Indonésia.

e



The great spatial variabilitv of thefrainfal;.regime 1n'Indonesia 1ndicates

that the monthlv or’ decadai assessmentsAo thesexisting agraneteorological con-
ditions 1n a province should be done on é qtation hasis. An average amount of
rainfall for a whole province has little agrameteorological meaning because ”7
drought conditions could exist 1n some areas while there 1s excess rainfall 1n
others. 7 "
Other. heteorological elements such as tenperature, Sunshine‘durétioﬁ;‘éiﬁ§?

humidity, ete., are of lesser importance to agriculture than rainfall fbr

Indonesia. They are elther quite uniform throughonf fhe vear and esspnfiallv dn o

not vary from year-to-year, or vary in accordance with rainfall. Mean datly ‘ >/”;
or monthly air temperatures in the lowlands are within the nabrbw rﬁnge’6f;
?5-28°C throughout the year. A similar harrow range exists for upiand
locations; however, the temperature is lowered by about 0.6-0.7°C for every 100 m"
increase in elevation. T™e diurnal range of temperature 1s also aulte low, on
the order of 5-10°C depending on location, due to high night temperatures. This ..
leads to high respiration from agricultural crops;‘limiting their y;eld
potential. |

Sunshine duration data indicate an inverse relationéhip betwegn:méhtﬁiyj6r ¥:f
seasonal rainfall and available hours of sunshiﬁé. During the rainy éeéédnﬁthe j :
skies are cloudy, and depending on location, there are 4-6 mean daily“houps 6fmj'fx
sunshine. DNuring the dry season, the mean dally hours of sunshine 1ncréase to o
6-9. Potenﬁial crop yields are influenced by these conditions. For example,
vields for irrigated rice grown during the dry season are generilly higher than ‘ |
ylelds for rice grown during the wet season because of the greater availability
of solar radiation for use in photosynthesis.

Air humidity in Tndonesia has two main features: high values and unifor-
mity throughout the year. Te high values are due to the conslderable amount of

rainfall, as well as to the proximity to the sea. For most lowland areas of
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“Indonesia the : r'elative humidity 18 within the 75—8‘3 per'cent r'anp;e. High alr
humiditv, especially dur-ing the t'ainy season, oi‘ten stimulates the occur-r'ence oi‘
some plant diseases and pests. - ,

L r[’he most Important meteor'ological hazet'd.s in Indonesia are drought, floods
‘~and ‘troplcal storms. Damages due to drought, however, far exceed those f‘r'dn all
t bther tneteorological hazards. Drought affects larger areas, occurs more fre-
quently and causes greater damage. Floods mostly affect agricultural fields
alohg river hanks, while storm damages occur mainly on sugarcane plantations.

The climate of Indonesia can be assessed by several different climatic
classifications. An example 1s shown in Figure 2.6, vhere the rainfall regime
1s divided into eight categories (IRRI, 1974). Months with mean rainfall
amounts in excess of 200 mm are gensidered "wet" whlle months with less than
100 m are consldered "dey". The duration of‘ the wet seasons determine the type
and number of crops that can be grown 1n a glven area.

- ‘3." Agricultural Practices :

Indonesla's economy 1s largely dependent on ap;r'iculture. Sixty percent of
the working population is engaged in agriculture; agricultural products account
- for more than half of the national income. MajJor food crops in order of impor-
tance are: rice, mailze, cassava, sago, sugarcane, sweet potatoes, yams,
peanuts, soybeans and heans. A large Vfiriety of vegetables and frults
(including bananas) are also grown. Thirty-five percent of the arable land is
used for growing commercial crops, primarily for export. ™here are more than
f‘ort,v export crops; the most important export crops are ‘rubber, oil palm,

5 tobaccd, coffee, tea, cocorut, pipper, cacao and cinchohe._( the bhase for
quinine). The areas where some of these crops are fg;}jpyowx;i:g_a.;i'ej;indicated An

‘Flgures 2.7 through 2.11.
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I 5-9 consecutive wet months
4 and pronounced end o roiny season

B = 5-y consecutive wet months . - = 2-5 consecutive wet months
! ond no pronounced dry season ! ond no pronounced dry seoson

m I More than 9 consecutive wel monlhs'_f‘ﬁ;;"‘ -

' - tive wet months : X 2-_-5 consecutive wet months
I 2}\3 ::::\gre\g:r‘; ﬂ;{ny season 2] T2 ith pronounced dry seasan
@m ig 5-9 consecutive wet months m I Less than 2 conseculive wel months
3 and pronounced dry season

NOTE . Wal month meons ot :m: ZOOmm roin - Y

with leas thon 100 mm rain

"~":FIGURE 2.6 Agroclimatic Classifications for Parts of. Indonesia uBased on
: Rainfall Zones. Source: IRRI (1974)

Pronounced dry seoson meons ¢} Iuo;l 2-3 monihs

T
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SELECTED PROVINCES R
'MAIN AND SECONDARY SEASON RICE AREAS

FIGURE 2.7 Main and Secondary Season Rice Area
of the Study Area.
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INDONESIAN STUDY AREA
SELECTED PROVINCES

CASSAVA AREAS

FIGURE 2.9 Cassava Areas in Seiected Provinces of the Study Area.



INDONESIAN STUDY AREA
SELECTED PROVINCES

SUGARCANE AREAS

'FIGURE 2:10  Sugarcine Areas in Selected Provinces of the Study. Area.
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INDONESIAN STUDY AREA
. SELECTED PROVINCES.

SOYBEAN AREAS

~ FIGURE 2.11° .Soybean Areas in Selected Provinces of the Study Area.
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Indonesian fbod impovts pvimarilv include rice and wheat. Tbtal ﬂnports ;J

In Spite

’vary from vear to vear, depending on the amount of 1ocal pvoduction."‘

of the various actions taken by governmental authorities, producfion often does L
not meet the requirements of the rapidly increasing population.j Se‘f
eufficiencv in rice is one of the national goals. |

Several different agricultural practices are used to produce,ﬂo

Indonesia. Most of these are common throughout Southeast Asia, however,
are unique to Indonesia. These agricultural practices apevbrieflrediecihnf’,
terms of thelr vernacular names. _‘ ‘(h_ \ jvy'ii‘

Sawah refers to irrigated agriculture in which the fields are bunded i e.,‘i
they are suvrounded by a soil embankment about 20 to HO cn high which retains
water In the field. Sawah is practiced wheve the soils are fertile and where
irrigation is possible. Normally, rice is the only crop grown in sawah fields.
Irrigation water is obtained from rivers or streams by the gravity-flow method.
Water control is exerclised by permitting the water to flow from one sawah fileld
to the next. When the plants approach full meturity, the flelds are‘canpletely
drained of water. Two and as many as three rice crops can be grown each year b&
using this method. The yields are stable, but the work is laborious. The
distribution of total =iwah acreage throughout Indonesia includes 58 percent in
Java, 20 percent in Sumatra, 9 percent in Sulawesi, R percent in Kalimantan and
5 percent in Rali.

Tegalan refers to non-irrigated permanent flelds for annual crops. These
fields cannot be irrigated because of thelr location, e.g., on slopes. Famers
use tegalan methods only when sawah 1s not possihle. 1In contrast to sawah
flelds, tegalan fields are planted with different crops including rice, malze, ;
cassava, sweet potatoes, peanuts, and others. Two crops are grown each year in

those areas with a long rainy season or with two distinct ralny seasons. (nly -
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oné“éfop is:grown in the drier areas. If the soil is not fertile, the farmers
willjleave the field fallow for one growlng season every other year or once in
'three years. Farmers practice crop rotation, intercropping, mulching, terracing
and other agricultural techniques. Tegalan fields are generally 1ocated in the
same regions as sawah fields, in Java and to a lesser extent in Qumatra,
Sulawsi, Kalimantan and Rall. ‘ | |

Tadang refers to shifting or "slash and burn" type agriculture. Rice and
maize are the primary crops cultivated on such 1ands. This tvpe of fanning is
found mostly in central ard north ﬁumatra, Kalimantan and Irian Jaya where
virgin land is still in abundance.

There are two other agricultural systems used primarilv in growing commer-
clal crops. The first refers to "perennial gardens" located near’ sawah fields.
These gardens utilize the excess water from the sawah fields. rrhe second
system refers to large permanent estates on which crops such as rubber, oil
palm, coffee and tea are grown. These estates require a massive investnent of
capital and technology for their success. |

_The crop calendars in most Southeast Asian countries are closely related to
the local rainfall patterns, however, those in Indonesia are less distinctly
deﬂined.' The sowlng of a crop can take place at any time during the year due to
theiabundance~of water. Farmers generally stagger planting in order to spread
their workload more evenly throughout the year. In this report the crop calen-
dars for Indonesia refer to the peak planting or harvesting months. Crop calen-
dars for Indonesia are shown in Table 2 ,3'

Rice | o

Rice 1s the primary food crop for the maJoritv of Indonesiara '"he(har4
vested area for rice was about 8 million hectares during 1977 (Wable 2 H)

About 52 percent of all rice is culttvated 1in Java alone.



Table 2.3 Normal Crop Calendars for the Provinces in Indonesia

PRUVINCE, CROP

SEASON J )3

il A L J J A S

0 N D

Sumatra Selatan Rice
Maize
Maize
Soybean

Cassava

Main 0000 0000 0000 O

Main 0000 00
Secondary
Secondary

Main

/5 ‘oooo‘ooo"o.o?

/7 1717 /7 0 0000 O

/11! Hff——
/777 /1

Rice
Rice
Maize

Ma;ze
Soybean

Cassava

Matn© - oooo
Secondary’ . .

“ain - 0000 0000

:Secondér&fl 
Secondarg f Y

0000 0000 0000
0000 ooooo '

n ///J— 00000 0000 .

MM 00 0000 00

/774777725 S

thkﬁrté‘ﬁv " Rice
s Rice

Main oooo
Secondaéy s

0000 0000. 0000,
oooo 00 ' ’
/7 Aﬁé‘ﬂéﬁ-- 0 0000 0000

"Jawa Rarat Rice

Rice

Maize
Maize
Soybean

Cassava

Secondary  / // /-#//-—- 000 0000 oooo
Rice Trad Varieties . - 3

Main 0 0000

Main o'oo’oooo'

Secondary

Main

00 0000 0000 00
0000 0 ‘
00 -

Wy oooooonoooo
W77/ N/ 78 oooo “oo"oq

‘w0¢é§$f .////:plahting

0000 harv e's'flnﬁg e

transplanting - 5i1!:3;]f§x’fm



Table 2.3 Normal Crop Calendars for the Provinces in Indonesia (continued)

Jawa Tengah R.‘L‘ce.w Main B

"Rice  Secondary ’_ .i-
Maize Main

// /114117 0000 o0n0 0000

Soybean Secondary //// /17 00000 0000 i
__Cassava Main B ST . 0000 0000 0000

Rice  Matn — ' 1°°°° o000 , :
o 'u‘//)/-##q-'-— 00 oonoooon
" Malze  Matn vf;;,,4_oono:ooo'o" SR T
o i /11 0000 0000
" Soybean  Secondary //// //// 00 0000 0000

Maize Secondary

"Rice  Secondary

N Maize_ Secondax'yA

Cassava Main BENRERY 0000 0000 0000
Rlce  Man 0000 0000 |
Rice  Secondary sl 0000 0000
Malze Secondary - ///7 /1Y 00 0000 00

Soybean Secondary " /// /1) 000 0000
Cassava Main : ' 00 0000 0000

' Nm"Fs //// planting 0000 harvesting . cmplantm



NOTES: //// planting 0000 harvesting transplanting

Table 2.3 Normal Crop Calendars for the Provinces in Indonesia (continued)
PROVINCE CROP SERSON —J— " F M A W J T X%
Jogyakarta Rice Main 000 0000 00

Maize  Main 000 0000 00

o ' Secondary /17 1117 ooo oooo oo

Soybean Secondary - J//// /1) o 0000 00

L Cassava Matn . = S . oono oooo 7
Nusa 'Denggara ar - Rice Main 00 0000 . » }

Rarat . - : : .
' - Maize Secondary //// // ‘_; 0000 00
Soybean Secondary - //// ' 00 [
Sulawesi Rice Main oooo 0000 o
Selatan Rice  Secondary | ///A#AL__. 00 0000 0000
' Malze Secondary /7 /177 0 0000.00,- 8
Soybean Secondary /1 0000 00

Sulawesi Rice Maln  —— 0000 0000 ' S
Tenggara Rice Secondary ////—#Al—. 0000 0000 00:
Sulawesi Rice Main 0000 0000 00 | /277
Tengah Rice Secondary I el 0000 0000 00 oo
Sulanesi Rice Main 0000 0000 00 L T ///
Utara Rice Secondary ///L.Z.UJ_._ 0000 0000 00 S
Kalimantan Rice Main 0000 000N 6 SR
Selatan Rice Secondary VLT 7 0000 0000
Kalimantan Rice Main =~ — 0 0000 0000 : o L
Tenzah Rice Secordary VLTV A 0 0000- O_OOO :

TE



Table 2.3 Normal Crop Calendars for the Provinces in Indonesia (continued)

Kalimantan

Tirup

Rice

Main

" 0000 0000 0000 -

D.I. Aceh

Rice
_ Rice

Main
Secondary

0000 G5O 00
VLT

00 0000 0000 - -

Sumé.tra
Utara -

Rice
Rice

Main
Secondary

00 0000 0000

Sumatra
Barat

" Rice
Rice -

Main /A
Secondary

/! [HA~—— 0000 0000 00

0000 0000 00
VAT -

0000 0000 OC -

Bengkulu

R:Lce

Main :

0000 0000 00

Jambi

‘Rice

Main  //f——
Secondary '

0000 0000
1 I

0000 0000 00

NOTFS: .//// planting 0000 harvesting . trensplanting

2€



Table 2.4  Rice Statistics for 1977

E ;f'~ :Irriga£ed:!;1

“Java Only  Indonesia

‘Non-Irrigated

Jéya'Only Indohéﬁii3; £;”

Area harvested(ha):
Production rough paddy (tons)

_Yield (tons/ha).

13,354,000 21,909,000 347,000 1,534,00

180,000 7,210,000 240,000 1,180,000

€€
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Nearlv 86 percent oP fhe total harveqted rice area 18 trrigated (mable 2.4),
mhe yield Prom 1rr1gafed ric' (s]jghflv over ? metric tons nPr‘heofucPvand are

| oF rhe highest. in Southean Aqia) is about ?.a thnesL:_Jii;!w
irrirated rice. -

Alfhough about ?5 percent of the arable land 1n Indonesia 18 devoted to
‘rice, it's distrtbution 18 not unifonn (Fipure 7) Fbr example, verv little
rice is grown in the Maluku Islands, the eastern half of Nusa Tbnggara and Triar
Jaya. More than half of Indonesia's rice acreage is in Java, located mostly in
the northern and western regidns. Java's climate and fertile soils favor rice
cultivation. Runoff from the mountains deposits fertile silt in the lowland
flelds. There is very little mon-irrigated rice in Java as most of it is of the
Sawah’type. The non-irrigated ri;e fields are located mainly in Jogjakarta and
Rantam. The other major rice producing remions are Sumatra, Sulawesi‘and the
~western Nusa Tenggara Islands (Rali, Lombok and Sumbhawa) . |

The main rice crop is sown in nurseries with the beginning of the rainy
season. In Sumatra and Western Java, sowing usually starts 1n‘ear1y OCtObér.
In Central Java sowing begins *,i the middle of October, while in Faétern Java
and Musa Tengpara it begins in early November (Table 2.3). Until 5- years ago,
sowing continued for 214 - 3 months. After the replacement of the old tradi-
_tional rice varieties with modern high vielding ones, and at the encouragement
yof agricultural authorities in the country, the sowing period has been reduced
to 15 - 2 months. As a result_qf this, ripening of the plants is also spread
over a shorter period. As thekhew‘varieties have a shorter growing period, har-
vesfihg Qf[the main rice crop in recent years takes place during February-April
in Sumatrs and February-tarch in the other islands.
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The secondarv rice crop 1s gpnerallv sown durinq March and April harvesting‘
occurs from the second half of June through August (mable 2 3) If the main
rice crop is to he rotated with the secondary rice crop then the fanners need ?
to U weeks before sowing can take place. _ | .,_ |

The dry-upland rice crop is grown under rainfed conditions. Soning 0f»this,
crop 1s generally very uniform throughout Indonesia; beginning soon after tne:i
onset of the main rainy season. Sowing generally begins duringVOctober in o
Sumatra, and in November over the rest of the country. ,Ikirvesting,;depending on
the variety, follows 3 to ! months after sowing, o o DR

Maize and Other Food Crops |

Maize 1s the principal food crop for Lombbn,'ﬂimér;“rjrts‘of éﬁiaweai annA
eastern Java where more than 25 percent of the eulti?ated land is planted to |
maize. The annual production in Java is 2 to 2.5 million tons. These are the
only reglons throughout Southeast Asia where maize is the main food for such a
large portion of the population. Maize is either the second (after rice) or the
third staple in order of importance as a food cron for other areas in Tndonesia.

Although maize is grown throughout Indonesia, most of the major acreage 1is
in areas where it is the principal food. It is usually planted as an upland
non-irrigated crop, l.e., grown on tegalan fields, although it is also grown
in sawah fields after the harvest of the main rice crop, particularly in eastern
Java. If there 1s not enough water for a secondary rice crop, farmers plant
malze in the sawah fields. Some irrigation during the growing period may be
provided. Figure 2.12 shows areas where the rice crop is rmotated with either
maize or soybeans.

Normally, there is only one malze crop per year and the growing period coin-
cides with the main rainy season in the country. Sowing of the seeds in Java |
begins in September, while in Nusa Tenggara and Sumatra it hegins in October.
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Sowing uSuaiiy continues fbru2 fo 3’nonths. Because the durat;on of the growing
period is 100-110 days, harvesting in Java begins in mid-December and during |
mid-Januarv in Nusa Tenggara and Sumatra. ‘
Other important food crops are root crops such aéycaséavé (é‘berenhial),
sweet potatoes and yams. Cassava is grown in many areas of Indonesia and is an .
important cash crop. The total acrcage in the late 1970's varied between 1.4
and 1.5 million hectares, with about 75 percent in Java. Major cassava growing'“
areas Iin Java are Surakarta, Madiun and Kediri, all in the southeastern part of -
the island. 'The yleld has fluctuated between 7.5 and 9.0 tons per hectare. »
The total production of fresh cassava roots has varied between 11 and 13 miiiibn
tons. Sweet potatoes are the principal staple food in the highlands. of Irian Jaya.
Factors Affecting Yield

Agricultural production in Indonesia s affected by>various weather and non-
weather factors. Drought and floods.are very important as they occur somewhere
in the couwitry each year. The areas most vulnerable to drought include the more
arid regions in eastern Indonesia, regions southeast of Jogjakarta on Java
Island, and Lombok in Nusa Tenggara. Floods are most cammonly observed in the
western regions of Indonesia. _

Trrigated crops can he damaged by drought, flood or erratic rains either
within the crop growlng areas or in the r._.ighboring mountainé where catchments'
feed the rivers and streams used for irrigation. | | | .

T™e Rrown Plant-Hopper represeints the third most important factor adversely |
affecting rice yleld. This pest has spread throughout Indonesié during the last
7-8 years. Continuous cropping of rice in the same flelds tends to increase
vulnerability. Damages to crops are also caused by rats and some plant

diseases.
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Fer'tilirer' use 1ncr'eased unfil the mid-1970'8 when higher pr'ices Bhar'plv

’r'educv:ed t‘er'tilirer' ‘Unport's. 'This 1n t;ur'n reduced the vteld r-eqmnse ot‘ HYV '
Awhich realize their higher' yield potential only if‘ nutr'ients are 1in adequafe
supply. | Progr'ess has been made in building or' improving irrigation and drainage
facilities, however, the pr'evailing agricultural pr'ac’cice i1s to use the tech-

-niques known f‘or' decades.



CHAPTER ITI
- METHODOLOGY AND ANALYTIC RRSUTAS
A. Data Sources o S

1. * Meteorological Nata

The meteorological data used in this stuoy were obtained fran various tvpes

of stations located in Indonesia as shown in.Figure 3'1 'AThi'period of record

for each of these stations is shown in Table % 1.¢ These meteorological Stations
were classified as follows: R ; : :

Svnoptic Stations: Monthly rainfall air temperature, air humiditv, wind

speed at 10 meters, sunshine duration, and atmospheric\pressure data for 16
synoptic stations (Wigure 3.1) is available on a real-time basis.v |

Climatological Stations: Monthly meteorological data fram 11 stations were

also included in the analysis. The available data included rainfall, air tem-
perture, relative humidity, sunshine duration, soil temperature, wind at 2 m

height and Pan Fvaporation.

Rainfall Stations: Additionally, 27 rainfall stations (Figure 3.1) were fﬂd
also incorporated into the meteorological database. However, data from thesef?ff
stations 1s not readily available on a real-time bhasis due to delays inu;’_‘;;}
publishing. |

2. Agronomic Data ’

Area, production, and yield data ﬂor ma17e, wetland and dryland paddy,;_:_id
cassava, soybeans, peanuts, and sweet potatoes was obtained fran the Hureau’off,‘
Statistics in Indonesia. The period of record of this data set was 1968-79
Table 3.2 shows the provinces for which the crop data 1s available.

3. Fpisodic Rvents L .

Selected episodic events occurring in Indonesia-are shown in Table‘3;3,-'”rr

These events include hoth weather and non-weather impacts on agriculture. VBOth
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INDONESIAN STUDY AREA, SELECTED PROVINCES'"'{"
STATION NETWORKS FOR ASSESSMENTS |

SYNOPTIC STATIONS . (o)

1. Tanjungpandan 11,
2. Pangkalpinang 2
3. Palembang 3.
4. Telukbetung L.
5. Serang 13,
6. Kemayoran D
7. B. Perdanakusuma ',
8. Bandung 1.
9. Cilacap 1),
10. Tegal .

CLIMATOLOGICAL STATIONS (x)

RAINFALL STATIONS (e)

‘Semarang 1.
Adisueipto 2,
Madiun 3.
Surabaya/Tg. Perak 4.
Kalianget 5.
Banyawang 6.
Denpasar 7.
Ampenan 8.
Sunbawa Besar 9.
Ujung Pandang 10.

11,

Tamanbogo 1.
Muara 2.
Cipanas 3.
Margzhayu - 4.
Pusaka Negara 5.
¥uningan 6.
Jakenan ' 7.
Nyale 8.
Mojosari : 9.
Kendalpayak o 10,
Maros ’

Baturaja
Kasui
Kotabumi
Menggala
Pandeglang
Malinping
Agrabinta
Tasikmalaya
Bongas
Pekalongan

FIGURE 3.1 Station Networks Used in Assessments of the Indonesia Study Area.

11.
12.
13.
14.
15.
16.
17.
18.

19‘ :

20.

Waleri
Magelang
Wuryantoro
Sumberpadas
Bendo
Pasirian
Ringinpitu
Bondowoso
Geger
Grogak

“21.

22,
23.
24,
25.
26.
27.

Sukasada
Abang
Taliwang
Ampang
Malino
Watampone
Palopo

or



ThblekQ}i;,?eg;odrgf'Réégfd.fqi‘Méteo;blogiéaisS;étiqhsﬂinrthé‘S;hdY{Aréa"

STATION .

" PERIOD OF

Synopt ic

1. Tanjungpand&ﬁ;x‘
2. Pangkalpiﬁéﬁé7'
3. Palembang

4, Telukbetuhg

5. Serang .

6. Keméyorﬁﬁ.

7. H. fef&éﬁékusﬁﬁa-
8. Banduﬁgy -
9. Cilacap
i0. Tegal
11, Semarang “"i
12. Adisueipto ,; ,‘
13. Madiun

14, Surabaya/fg.?efak
15. Kalianget

16. Banyuwangi.
17. Denpasar

18. Ampenan

19. Sumbawa Bésarf?,ﬂji

20. Ujung Pandang "

RLCORD o

';1975f§Of’
1975-80
ff1951-77 ”
iiwaq7 
107880
197580
 (975;36“5

'1953;77

1975-80
'1977-80

1975480‘

1975-80‘7
 19’6 77

1975-80

1975-80
1w540f1

1971 75-77

;1978

 STATION

" PERIOD OF

RECORD -

Climatrnlnainal

1.

Tamanbogo

‘Muara
;Cipanas.
»iMargahpyu
Puéaka Negara

. Kuningan

Jakenan .

Ngale o

1Mojosari :
';Rendalpayak .

: Maros ‘

1977+81f;
1973481jf
1973—81?
1973-813f
‘1973—81;L
'1973—81}
'1976faif

- 1976-81

1973—81 ~
,1975-81'W

'1975-81}f
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:fThble 3 1 Period of Record for Meteorological Stationa in che Scudy Area
: (concinued)

e : ' PERIOD OF L gheio . PERIOD OF
e ~STATION © " RECORD STATION . ‘ RECORD

- Xaintall Rainfall (continued)

1; Bétd;aja

2. Kasui -

3. Kotabumi.

4, Menggala
{5; ?an&eé1and
6. bialinping
7. Ajabinta
8. Tasikmalaya

9. BOhgas

10, Pekalongaﬁ

11. Waleri

12;.Magelang

13;;Wuryantoro :

1950-76

1951-62, -
197176 -

1952,53
197275

‘*1951-76 |
'f1976 77
31950-;6v'

1950-76

' 1952776j

1950-76
1951-75.

‘U14.
15
16.
'-;7.

18.

19.

20,

21,

',:{‘

Sumberpadaa

Bendo

Pasirian

Riﬁgiupicu ~

Bondowoao '
Geger
G:ogak

Shkaéada B

’fAbang

“inaliwang
'fAmpans
‘lualinq,,
33Wé£amponev 

. Palopo

_)1958-76»
fj1951f‘67

195176

'f1950-76
"195;-76-
 i§§i;76 |
:i1951-76}
';1950-75j“

1953775*.

i1952§75#
s
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'T‘able 3 2 Pr‘ovinces for Which Area, Production and Yield Data
~ (1968-1979) for Wetland and Dryland Paddy, Maize,
+ Cassava, Soybeans, Peanuts and Sweet Potatoes are

Available.
] PROVINGE PROVINCE,

SUMATRA  KALIMANTAN
1. D.I. Aceh N f . 17 Kal. Rarat/West Kalimantan
2. Sumatera Utar'a/North qwmtpa 18, Kal. Tengah/Mid Kalimantan
3. Sumatera Barat/West tha : - : 19 Fal. Selatan/South Kalimantan‘
4. Riau | 20 _ Kal. Timur/Fast Kalimantan
5. Jambi B , s
6. Sumatera Sélatan/South Smatra ?1 ~ Sulawesi Utara/North Sulawesi N
7. Bengkulu | 22. Sulawesl Tengah/Mid Sulawesi
R. Lampung ?% Sulawesi Selatan/South Sulawesi

JAWA & MADURA 24, Sulawesi Tenggara/S.F. Sulawesl
9. D.K.I. Jakarta MALUKU & IRIAN JAYA
10. Jawa BRarat/West Java 25, Maluku
11. Jawa Tengah/Mid Java ?6 Irian Jaya
12. D.I. Yogyakarta ’ " OUTFR JAVA EERRR
13. Jawa Timur/Fast Java 27 Juml, Iuar'Jawa/TotalOuter'Java

BALT & NUSATRNGGARA
14, Bali |
15. Nusatengg BaratNest Nusatengp;
16.

l‘hxsatenp;g Mur'/F‘ast Nusatengg
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TABLE 3.3
INDONESIA

'Swrma.r'ized episodic event data on reported weather and non-weather

factors having adverse impact on crop conditions and food security-

YEAR EPTSODIC EVENT
1955 Maize Damaged from Excessive Rainfall in Java
1958 - Agricultural Production Affected by Clvil

i Disturbances
1959:_}"‘1; ~ Despite Floods and Pests, Production was
1961 . Floods Caused Damage

Famine Conditions Reported in Java ‘and Lombok

- Severe Drought in Java (Relief Assistance)
Drought Conditions in Much of Java and South

Sumatra Affected the Second Rice and Most
Other Crops. The Drought Led to Famine in
Java During 1962 (Relief Assistance)

. Floods Affected Production, Adverse Weather

Delayed Planting, Uneven Rainfall During the
Growlng Season

Crops Plagued by Floods and Rats with Drought
in East and Central Java

| Severe Drought in Lombok

Drought Badly Affected Rice -

Drought and Management HamperedACrop

. Production

Drought Reduced Rice Production by 8 Percent.
October-November Sowing cf Maize and Rice
Delayed in Central Java and Nusa Tenggara
Drought and Brown Plant-Hopper Damage to Crops
Pests Affected Rice Yield

Pest Damage Especially Due to Brown-Plant
Hopper T
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TABIE 3.3
INDONESTA CONTINUED:

-Summarized episodic event data on reported weather and non-weather
factors having adverse impact on crop conditions and food security.

YEAR EPISODIC EVENT

1976 Drought and Plant Diseases Decreased Maize
Yield. Flooding Around Djakarta. Insects.
Drought During July in West Java. Drought
in October Affected Planting of Secondary
Rice. Floods in Sumatra During October
Damaged Rice Fields. Drought in Central Java
During October. Floods in East Java During
November. Floods in Northwest Sumatra During
December

1977 Floods in East and Central Java During March.
Pests and Drought in Lombok During September.
Floods 1in East Java During December. Drought
in West Java During October

1978 Floods in East and Central Java During January.
Drought in East Nusa Tenggara During April.
Heavy Floods During May in Northwest Sumatra

1979 Floods in Sumatra and in Djakarta. Rats in
West Java. Floods During April in East and
West Java. Upland (Rainfed) Rice and Maize
Affected by Drought During July, August and
September. Heavy Floods in Kalimantan
During December

1980 Floods in South Sumatra During January
1981 - Drought in October Delays Sowing in West
, Sumatra
1982 Drought Affects Secondary Crops in Java, .arid_

Delays Sowing of the 82/83 Main Rice Crop
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. dmught and f‘looding can seriously affect crop. production. ; Drought during the
"V_'critical flowering or r'eproduotive stage of the cr'op is quite hannful Weather

”impaot due to f'looding usuallv occurs durim; heavy mnsoon ‘r'ains and tropical
‘depr'essiona. ’ ’

4 Sometimes weather indir'ect];y aﬁ‘ects the crop bv cr'eating favorable envimn—

'-mental conditions for both pest and plant disease rutbreaks. R v
| Such episodic' event data can be qualitatively used in statistical crop yield
'modeling to deter'mine possible reasons for I'luctuations in crop yield or produc-
tion data. Fpisodic event data can also be used to select and interpret
ag;r-oclimatic indices such as the Palmer Drought Index (PNI), Yield Mois.tut'e
Index (YMI), and Generalized Monsoon Index (GMI). | |

. 4. Capabilities and Limitation of Data

The meteorological data used in this study are of good quality. 'Ihe monthly
"mean r-aint‘all data are determined from at least 28 daily observations while the
| monthlv mean temperature and humiditv are obtalned from at least 25 dailv obser-
| .vations. Quality control of the monthly meteorological data was uidertaken to
'delete érroneous cases. Observations were compared to their normal and with
other meteorological elements,

~ One of the limitations in using ronthly instead of datly data 13 that
'monthly data do not indicate the distr-ibution of rainfall during‘ the month. The
assumption f‘or using monthly data 1s that rains are evenly distributed during
the pariod. This assumption may ot always be valid,

The source of all the yield data is the Rureau of Statistics in Indonesia,
Data‘were, collected through their surveys and from other sources. Fluotuations
in the yield data result from both weather and non-weather impacts, Year-to-
year' variations in yleld are usually assoclated with drought, I‘loodim and pests
in the study area. ‘There 18 also evidence that changes in technology cause
changes in yield, R
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B. Analytic Methods
| 1. Rainfall

Monthly rainfall data available f om eauh weather' station wer-e aver-ag;ed to
obtain t:he distr'ibution of' the monthly means ( F‘igur'e ? ll) '[he seasonal r'ain-
fall dur'ing November' tht'ough F\ebmat'v is dominant ovet' all r'e;z;ions in Tndonesia.
Ther'e i1s a small secondary peak in rainfall during March and April for stazions
such as Palembang and Kotabumi in Sumatra, Kendalpayak and Banyuwange in Fast |
Java, and Sukasada and Sumbawa Resar in Nusa Tenggara.

2. Potential Fvapotranspiration (PET) ' )

Fvapotranspiration is defined as the sum of the evaporation of vsateb‘
directly from the surface of water, soll and vegetation and the tr'anspir'a'r;ion""
of blants. | If soll water 1s not limiting, the evapotrarnspiration fram a
complete plant canopy 1s called the potential evapotranspiration (PRT).

There have been many methods proposed for estimating PET from meteomlogical
data. One of the simplest models is to approximate PRT as 80 percent of pan
évapo"bation (from U.S. | Class A pan). Some of the other major estimation methods _
follow.

Perman Method (1948)

Perman's method 1s derived from the physical laws governing the thé ‘évapo-j
transplration process. e approach involves making an empirical estimate of ,.
the transfer of mass (water vapor) from a wet surface and incorporating this
estimate into an expression def‘ining the sur'f'ace ener'p;y budget. 'The Peman o

formula for r,he r'ate of PT'“ f'r'om an ext:ensive and unif'om wet surface can be e

written as: ,
'- (mH+066 F”"

wher'e PT‘T‘ is fhe pot:ential Pvapotr'anspir'ation (rrm/dav)
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f{‘m 19 the slope of the saturation vapor' pr'essur'e curve for' water' at '

mea.n tanper'ature 1n mb/°C

IH 1s fhe net radiation in evapor'ation equivalent of' rrm/day,

_0 ?7 is the psychrometric constant In mh/°C, and

Fa 1s 0.26 (eg - ea)(1 + 0.54 1) mn/dav

e8 the saturation Vapor' pr'essur'e (mb) at the‘mean aiz' temper'atur'e,
ea the actual vapor presstré (mb) ‘and ' : |
Up 1-he mean wind speed at 2 meters in m/qec.

rT'ne main pmblem with ‘the Perman method is that the data f‘oz' net radiation,
-‘vapor' pr-essuve deficit, and wind speed are not r'eadily available !‘or' most
meteorological stations. BRecause of 1ncomplete meteorological data at most
‘weather- stations, other empir'ical meﬂhods f'oz' estimatim; PF'I‘ have also been
proposed. S

Thornthwaite Meﬁhod

Thornthwalte (1948) derived an empir'ical relationship between PT‘I‘ and mean
temperature. PET is expressed a8 an exponential f‘unction bf‘ mean mhthly alr
~ temperature or', | ' . PR

C PRI = L6 (10 o

.w’her_-e PF‘T 1s ‘the potentia]_ evapotpanspipatl on- ( nth'"' .
A ;fp 1S the mean monthly air ternperatupe ( (‘),

;I 1s a heat index which represents the sum oI‘ 12 ’monthlya indiees
~and may vary from 0-160, I
12
1{ rrli/t-',)l."?lll

:_"'-“A is a cuble fimetion of T f'ot' a given loca‘tion Which my varv
" from 0-4.25 and 1s defined as:
;.-'- 6.75 x 107713 - 7071 x 105512 4 1.7 x 10°2 1 s 049,



"‘he values of.' PF‘I‘ ar'e f‘or- a day length of.' 12 hour-s and a 30 day month an 'J
ad justment must be nade to estimate PF‘I' for' a par'ticular' month and location.k_‘,

'['his method has been used wor-ldwide because temper'atur'e and ‘the local lafi-
tude are the only variables r'equir-ed. However, this method has r'eceived con- S
siderable criticism because the mean air temper'afur'e does not relate to the sur'-?
face energy balance. Also, the method was designed only for making monthlv PFT
estimates. | |

Hargreaves Method

Hargreaves (1977) used alr temperature and solar' r'adiation as the main

v

meteorological elements to estinate PRT as f‘ollows
PRT = 0.0075 (RSM) . (TR) L
where: P]"T‘ is the potential evapotranspiration (nm/dav),
- RSM 18 solar radlation (rm/day), and ‘
| TP 1s the daily mean temperature (°F).

When solar' radiation is not available, it can be estimated f'r'om sunshine _hour's
and extr'ater'r'estial radiation. ' ‘ A

AdJusted Pan Fvaporation Data

Potential evapotranspiration estimates can be obtained by ad1usting pan evap-
oration observations by a factor of 0.8 (80 percent of pan value). 'Ihis r'atio -f_ _
can be used to approximate potential evapotranspir'ation from pan evapor-ation R
data. |

Fvaluating Methods for Fstimating PRT

Recause PFT 1s one of the fundamental agmclimatic analvsis tools f'or' the
study of moisture stress on crops, reliable estimation methods must be 1den-
tified. This 1s often difficult even with optimlxn data. 'The previouslv oy
discussed methods provide PRT estimates. These contrast with measured PF’T‘ whioh ,t.

1s usually determined by field experiments usin;; a lysimeter.
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‘In this study f'or' Indonesia, monfhlv data from. the agmneteor'ological sta-~
.tions wer-e used to estimate PRT bv the Perman, Har'gr'eaVes and '[homthwaite
methods. These were compared to each other- and bo 80 percent of pa.n evapopa-
‘tion. The sample means, var-iaﬂces and time—ser'ies of‘ individual monthlv esti—
mateq were compared, _

| Recauee actual measurements of' PF‘T‘ are not available, definite co lusions
Acannot be made. However-, some infer'ences can be dr'awn fr'cm canparisons with pan
evaporation, Crop calendar' information can also be used to 1ntemr'et PF‘I‘
(moisture demand) and rainfall (moisture supply) relationships. If crops are to
be successfully grown in most years, rainfall should generally exceed PRT during
the ci'op growing season. If estimated PFT during the crop season is con-
sistently larger than rainfall , ;({:he PET method is suspect for that reglion.
T™e Penman Method and pan evaporation data provide reliable PRT estimates.

One disadvantage common to all methods 1s that baseline data are not usually
avallable to confirm the appropriate method, Also, the data for the Perman
method are not always available, Finally, some of the me*.:hods my be tot;ally
inappr'opr'iate for climatic conditions in Tndonesia. E :

"In spite of these limitations, recammended pr'ocedures;rxeed.bo"be 'develo'ped
_ f‘or-"test and evaluation. The most "appropriate" method needs to be determined,
Altemative methods or ways to adjust PFT estimates bo conform with the
"appropriat;e" method are required. Interpolating PFT" to data sparse locations
- 1s important. Determining when PRT nommals can be used Instead of individual
monthlv (or weekly, etc.) values is also necessary, Fopr example, if the variance
of‘ rainf'all is much greater than the variance of PFY, then possibly PET normals
# will suf'f‘ice. These are some of the questions to be investigated. .

3.v Soil Moisture Rudgeting o _

" ' The gr'owth and development of cr-ops depend on the water available t‘or' their
censwnption. The sources of the waten include r'ainf‘all water stor‘ed in the
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soil, and irrigation. Pr'ecvioitation .hecharée'e soil moistlir’e in eu:cceeSive soll
layers from the suf’face downWar'd. Precipitation in excess of that required to
br’ing the crop root zine to the wate., holding capacity is removed by lateral
runoff and percolation. For & short dry spell, even without irrigation, cr'ooa
are not sebiouSIy affected even in the critical growthk period if there 1is suf,‘—:‘,
f‘icient soll moisture to support the demand for water. Thus, the soil moisture
level may be as good or better an indicator of crop conditions as r'ainfall. B
‘Since soil moisture 1s difficult to measure directly in the f‘ield sever'al
methods have been pr'oposed for estimating its value. Descr’iptions of.‘ two of.‘
them follow. ' - .

One-Layer Water Ralance Method

Thornthwaite's model 1is based on simple uater* balance equations for' pzains
and losses within a single layer as follows: i o “
Sy = Sq-1 + Py - PETy (S1-1/FC)
_whef'e:" | 'Sy 1s the soil moisture estimate for the current period,
j’ Si-l is the soil moisture for the previous period, o
": Pi is the precipitation,

PF‘I'i is potential evapotr'anspir'ation f‘or' the cur'r'ent per*iod '

" FC 1s the f.‘ield capacity of the soil. '

'[‘wo—Layer’ Method

In contrast to the one-layer’ model Palmer’ (1965) pr'oposed a two-layer' model-

which makes the f‘ollowing assumptionS‘

1) The upper layer’ is equivalent to the plough layep and is assumed to hold
about 2.5 c¢m of plant available w_ater', r[’ne soil watep in the sur’f‘ace layer' (SQ)‘v
1s lost at a potential r'ate. " e . s ‘ |

?) 'Ihe under'lving 1aver’ extends f'r'om the base of‘ the plough layer' to the
depth of r'ooting f‘or' a par'ticular’ cr'op., Soil water’ in the under'lying 1a,ver’ (SU)‘
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: 1s lost at’ the potential rate uhen the pt'of‘ile 13 at f'ie],d capacitv. . 'Ihe
: :'availabie waten in this 1aver- depends on. the depth of‘ the t'ootlz‘-; systen and on the
S 3011 charactevistics. - |
' The soll moisture bud;zevf 1.3”417”7
Si S84 + Suy = SSi—-l + SUi-] + Pi L me

| whér'e: B SSy and SUy ar'e the soil water' 1n the sur-f,‘ace and mdet'lying
KR layer's, respectively, ey
| "1‘ ‘1s the current time period and 1-1 is the previous time period,
8 1s the soil water in both surface_ (SSi') and mderiying (suy)
: . layers, 4 | .
Py 1s the rainfall received during the current time period,
ARTy 1s the actual water loss by evapotbanspib&tipn; and
N ROy 1s the runoff, a | 4
'[he actual water losses by evapott'anapit'ation and mnoff are estimated. by:
"?a) 16 Pt < PRDy then: | .
R AF'I‘i =Py + LS + LU1 1 + Minimum (SSy.1, PETy=Py)
+ Minimm (SU111, (PRTy=Py ~ 1S1) SUL-1/(PAWpaye-2. 5))
- wher'e , Lsi and L1y are the water losses from the surface and mderlyinp:
) layers in the current time period, respect.ively,
PETy 1s the estimated potential evapotranspliration, a.nd
PAw,m is the maximum possible plant avallable waten in the total
soll profile. "

'rhenmofi‘ is zero for this case.,

~+/'b) 'However, 1f Py > PETy then:
P ARy = PRTY,
“ROg = Pi-AFTi-RF 4

o ,-whe:’ef the 801l water recharge (RFi) 13
. RRy

= the minimm of ((Pi-AF‘I'i) (PAwmx..si)
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‘ The budget begins at a time when the soil noisfure is at field capacity and
water 1s 168t from the upper layer first. Note that if SUi_l is zero then the
loss from the underlying layer (LUj) is also zero. All units are in centimeters.

4. - Crop Coefficients e '{ .

Doorenbos and Pruitt (1977) def*ned the crop coefficient (KC) fbr a
given crop as ' “

e KC -vAmcm

| The crop coefficient relates to the evapotranspiration (AFE@) of a disease
.pfree crop grown in large fields under optimum soil water and fertilitv con— |
" ditions achieving full production potential under the glven environment, PRT. is
the reference potential evapotranspiration as defined in previous sections.
Factors affecting the value of the KC are mainlv the crop characteristics, crop
planting or sowing data rate of crop development length of growling season and
climatic conditions. Thus, crop coefficlents are defined for each crop develope
ment stage. Usually, the coefficients of a given crop are largest for the h |
flowering/reproductive stage relative to other stages, for example, planting and
early vegetative stages.

Someiof_the crop coefficients for selected crops as provided,by~noorenbos:
and Pruitt are glven in Table 3QHa; These were determined»fran rield experieﬂ
ments with lysimeters. Table 3.4b shousfthe crop coefficlents for Indonesia :
after being adJusted for local conditions. _ |

Te KC can be used to estimate the crop water requirement fbr different :sii
crops at various stages of developnent bv =

(‘rop Water Requirement (CWR) —vAF‘I'c‘— K(‘(PF'I‘)

The CWR fbp each growth stage and the growing season of a particular crop;fx}
can be estimated from historic meteorological data. The CWR can be canpared |

with rainfall and soil moisture to determine the appropriate crops and planting
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Tnblealca Crop- Coefficients (kc)

S Crop Development stages

Tortal

- CROP' T Grep Mid Late '
DN : ' s A T | - At grOwlng
RTINS lmtlal - deﬂ:’:}:”' season season | liarvest perod
‘Banana - f,‘ ‘. N f ' -
tropical | }Q.4 -0.5 [0.7 -0.85 1.0 -1.1 0.9 -1.0 0.7 5 85 "0.7 -0.8
subiropical [0.5 -0.65 0.8 -0.9 [1.0 -1.2 | 1.0 -1.15] 1. .15} 0.85-0.95
Bean o f
green. 0.3 -0.4 rO 65-0.75 10.95-1.05 { 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 ‘0.65-0.75' 0.25-0.3 }0.7 -0.8
Cabbage 0.4 -0.5 .0.7 -0.8 lo0.95-1.1 |0.9 -1.0 0.8 -0.95]0.7 -0.8
Cotton 1004 -00,51 .007 -0-,8 1005"1.250-8 -0-9 ‘0-65-007 0.8 -0.9
Grape 0.33-0.55 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 0 '
S\Iect 0-3 -OQS- Oq7 -099 1-05-1.2 1.0 ‘lo 15 0095—101 0.8 -0-95
Srain 0.3 "0'-5. _0-7 -0085. 1.05-1.2. 0'8 -0095 0055—006. 0-75-0-9’
Onion ~ , | .
dry 0.4 -0-6 Q.7 -008 0-95-1-1 0-85-0.9‘ 0075—0085 0-8 -0-9
sreeﬂ O-A -,006 0-06' '007;5 0195“1-05 0-95'1.05 0.95-1.05 0:65—0-8
Pea, fresh 0.4 -0.5 0.7 -0.85 }1.05-1.2 1.0 -1.15}1 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 }oO.8 -0.9 [0.7 -0.8
Potato 0.4 -0.5 0.7 -0.8 [1.05-1.2 1 0.85-0.95]10.7 -0.75 | 0.75-0.9
- Rice 1.} -1.15 :l.vl -1.5 1.1 -1.3 10.95-1.05]0.95-1.05 ] 1.05-1.2
Snfﬂowcr 0-3 "0-& 0-7 -o. 8 1'05"1'2 0-65-057 0q2 -0-25 0-65—(}.7
Sorghum 0.3 -0.4 0.7 -0.75 1.0 -1.15 | 0.75-0.8 0.5 -0.55 ] 0.75-0.85
Soybcan 0.3 -0.4 }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
Tomﬂ(o O-A "0-5 007 “0,-8 ].05'1025 0-8 "0095 0-6 -0-65 0-75'0.9
Watermelon }6.4 -0.5 [0.7 -0.8 }0.95-1.05 [0.8 -0.9 [0.65-0.75 »O».?S-O.BS
Wheat ~ 0.3 -0.4 }0.7 -0.8 [1.05-1.2 ]0.65-0.75f0.2 -0.25}0.8 -0.9
Alfalfa 0.3 -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 -0.6
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Table 3.4b FEstimated Crop Coefficients Used in Defining the Yield Moisture Index for' Rice and

Malze Crops In Indonesia.

CROP. (X)EFFICIEN’T'S (KC)

CROP R Planting _ Vegetative _ Flowering Matur-ity‘_{;
Rice  First (E) Second (F). .85 .95 105 0 -
Rice»‘ First (L) Second (L) '.85 - .95 1.05‘ _ ‘ oy
Maize First (E) Second (E) .65 1,05 el i
Maize ~_PFirst (L) Second (L) 55 : 85 1’05 i

Y ""Ear'lv Mat:ur'ing Varieties

(L ”-,Mediun_to Late Wb.turing Var'ietie'-x

65
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’dates bo avoid or minim17e dr'ought; vulnerabilifv. In contrast to t;his type of
-'land use study, the (WR can he used 1n r'eal-time applications such as 1rrjgation
adviqories durlng the growing season, |

5. Climatic Diagrams

The climatic dlagram 1s a useful fool for mVestmting"thé iéiraiiébiiitv of
moisture for crops. It 1s a graphical plot of decadal monthly, weeklv or even
dailv rainfall, soll moisture, PRET, AFT‘and other parameter's such as pa.n evap-
oration. The crop coefficient cuuld be used to adjust PET, thereby providing an
estimate of the crop water requirement. 'The climatic diagram can be based on
data for a particular season, climatic normals or both. For example, moisture
supply and demand relationships can be monitored during the growing season by
compabinp; real-time values to normal data. This can serve as an important tool
for crop condition assessment. "he climatic dlagram can also be used for land
use studles which investigate optimum planting dates, crop selection, irrigation
" requirements, etc.
- The PFT 1s estimated by the appropriate method and the AFT is det:er'mined
' f‘mm the soil moisture hudget.

6. Derived Agroclimatic Indices - R | o

g Agricultural drought indices are def'inedas derivled numbem or VCIést;_it‘ica-

tion identifications which express the degree to mich growing piants hé.ve been
adversely affected by an abnormal moisture deficiency. The def'iclency may
result elther from an unusually small moisture supply or an unusually large
molsture demand. The sources of moisture supply are precipitation and water
~8stored in the soll while the moisture depletion is caused by crop evapo-
transpiration tc meet the CWR during the growing season. Rainfall, evapo-
transpiration, potential evapotranspiration and soll moisture are some of the

‘variables that can be used for calculating these indices.
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Whis studv examines six different agroclhnatic indices Yield Moisture
Index (YMI), Generalired Monsoon Index (GMI), R—Index, Soil Moisture Index :
(SMI), Palmer Drought Index (PDI) and the Moisture Availabilitv Index (MAI) ,
These are some of the indices used bv the NOAA/Assessment and Infonnation ‘bf'f

Services Center (AISC) for drought/early warning assessments. Details on eachf}

Index follow.

Yield Moisture Index (YMI)

One of the primary agroclﬁnétic»indibee1needfb§fAiSd:injfn;;xiéiniﬁéigﬁﬁiégf

Index. defined as: o T L g T e e
YMIy = z PyKCij -
; i=1

where:

YMIJ 1s the Yield Moisture Index for the Jth crop (e p;., maize,

. rice, beans, ete). ’ | ; ‘

Pi is the precipitation which occurred during the ith crop ?i
stege (e.g., 1=1 for planting, i=2 for vegetative, 1=3 for

‘ reproductive/flowering, 1=l for maturity), and | 4>"L ,

KCiJ is the appropriat:2 crop coefficlent for the ‘jth erdp'énd itn?
crop stage as estimated from Table 3.!b for local conditions.

As discussed by Steyaert et al (1081) and Achutuni. er al (1982), this
drought index uses crop coefficients to weight rainfall during the growing
season accerding to the relative water requirement between crop stages. Eorf e
example, the crop coefficients for‘méize at planting and reproductive/flowering
stages are about 0,35 and 1.05, respeetiVeiy; water is about three times more
Important during flowering than at planting. Thus, the YMI is based on ohject-
ively welghted rainfall and should represent. an improvement over cumdlative
rainfall during the growing season. This index can be calculated at the enduof

planting, vemetative, flowering and maturity crop’Stages. Usually water is ‘ :3j



beneficial to the crop at these stages, however, cantion must be exercised
during ‘the late naturity stage~ If rainfall tends to advevselv affect the crop
]during the final stages (grain drying), this stage should not be used nn “céme

fputing the YMI.
Generalized Monsoon Index (OMI)

"he Generalized Monsoon Index was developed by Stevaert et a1 (1981) to
assess painfed crops which are grown during the. monsoon season. Tn a sense, it
‘is a generalized YMI which is defined for the southwest and northeast monsoon
seasons. As most of Indonesia lies in the southern hemisphere, the directions
of‘the southwest and northeast monsoon currents change to the southeast and
nofthwest respectively.

| Whe (MI for the southeast monsoon season during April—Julv 1s defined as:
PMIgp «15 Py + .30 P5 + .30 Pg + .25 Pr, SR
The GMT for the northwest monsoon season during Novembeerbbruary 13 defined as:
LA OMIny = .15 P13 + .30 Py + .30 Pp + .25 Pg
| GMISE 1s the GMI fbrjthe southeast mbhsoon;'
: beIﬁw‘is the MI for the northwest monsoon, amd
| " Py 1s the rainfall ( i=1 for Jan, 1=6 fopr JUHe, etc )

The index attaches most significance to rainfall oceurring during the
flowering/reproductive crop stages. Although these weights have been determined
throngh objective analysis of historic data, they are not crop coefficients.

The GMT 1s useful for assessing drought as well as flooding situations.

R-Index

The R-Index was developed by Yao (1960) and is defined as the ratio of ART

.l.-

to PF™ or:
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The index ranges from 0 to 1. Values near zero indicate extreme moistur'e
stress while values near unity indicate no str'ess., 'Ihe 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 he
grown in Tanzania due to drought Mnerability. Ravelo and Steyaert (1981) used
the R-Index to estimate optimum crop calendars for Haltl and to eliminate erm{ :
neous crop calendars citedy in theliter'atur'e. |

Soil Moisture Index

Ravelo and Necker (1979) pPOposed a Soil Moisture Index (gMI) defined as
follows:
SMI = PAW/PAWmay
~ where: o
.PAW 1s the plant available soil moisture, and
PAWmax 1s the maximum plant available soil moisture.
The sml‘ 18 defined for values ranging from zero through 1. ’[heSVIIhasbeen
used by AISC as a crop condition assessment tool. -

Palmer Drought Index

One method for combining precipitation and temper'atur'e as predictor v
variables was developed by Palmer (1965). The Palmer Drought Index (PDI) is
universal in that persistently normal temperatures and precipitation produce an
index of zero for all seasons and all climates. The completed analysis hr'eaks,
the meteorological record into separate perlods of drought, abnormally het,.or'
near normal conditions. Positive values of the index indicate wetter than nor-
rhal conditions while negative values represent drought. Table 3.5 lists the |
descr'iptive terms which have been assigned to describe the character of the v -

'weather' r'epr'esented bv var'ious inter'vals of the index.
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§1 oo t;o A, 99'
¢2 oo to -2 991”‘

- Extremely wet
Very wet
-Moderately wet

Slightly wet

) Incipient wet spell
R Neat' nor'mal |

' Incipient drought
'Mild drought -
‘Moderate drought
Severe drought
;‘Extraﬁe drought -
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Moisture Availabil 1ty Index

The Moisture Availability Tndex (MAI)'wae developed by Hargreﬂ (1977) for

use in 1and classit‘ication studles. 'rhe MAI 19 de['ined as
. MAI PD/PFT

where PD s the dependable rainfall am
: | PEI' 18 potential evapotranspiration.

Hargr'eaves showed. ‘that PD should be taken as the monthlv r'ajnf‘all amount
which has a0, 7‘5 pr'obability level of occurr'ence, for example, as estimated by
the gamma probability distribution. He I‘urther showed that PP is essentially
equivalent to the 75th percentile which can be determined by ranking the monthly
rainfall data. If time-series monthly r'ainf'all data are not avallable, g
Hargreaves has developed statistical equations which can be used to adjust the ;;f
"nor'mal" amount to the 75th per'centile Pstimate. o

Interpretation of Indices :

Indices can be computed from tistoric data over' a 15—30 year per'iod and then
expressed in several forms: raw value, percent of nonnal ani percentile.
The indices must be tested and evaluated to determine how each should he '
interpreted and the potential for use as an operational index to monitor gener"'aif
agricultural conditions. Te threshold values for the indices can be :
established by using historic yleld data and episodic data. The historic indlces
for each station can be plotted and the records of episodic data then used to S
1dentify the weather impact years and the critical values of the index asso-
clated with it; for example, '"normal crops", "moderate drought impact on crops" |
(slightly below normal vields), "drought impact on crops" (reduced vields) and
"severe drought impact on cmps" (drastically reduced ytelde or crop failure).

The index values f‘or such year's w111 be consider'ed as a threshold value f‘or each

category.
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Decisions should be made “6h Which index or indices will be appmppiate for

f‘i;.;an ar'ea of' intet'est or for a »paf'ticular pur'pose. 'me assessment then ean be

’ niade by calculating the indioes usinp; the ‘obsérved weather data, inter'pr'etinc;
f,vthe index values 1in t:er'ms of similar values in the historic record and finally
evaluating the r'esults along with other int‘onnation. The indices are mainly
"-usef‘ul in assessing dr'ought imbact on agricultural crops, not the impact due
to f'loodinp; or' cr'op conditions in irr-igated areas. Drought causes physiologic
damage to a cr'op. o F‘xcessive rolsture due to t‘loodinp; can cause physical damage
to the r-mp. , 'Thns, f'loodinp 1is a more mmplex assessment pmblem. .
’C. , Application of Ac;roclmatic Tools _ . .
rT'nese agmelimatic tools ¢an be used to develop agroclimatic assessment
models including 1) drought ear'ly-waminp; and crop condition assessments,
?) crop rmonitoring to detemine irrigation scheduling redquirements and 3) lafd
and water resource management applications. Fxamplés of f‘hese flodtels and theip
application are provided in this repopt.-



- ANALYTIC RESULTS
A Overview |
Fbur maJor types of agroclimatic analyses for Indonesia were perfonned_
including: - 1) investigating and evaluating various methods for estimating ;
ootential evapotranspiration, ?2) estimating soil moisture and calculating theif
>almer NDrought Index, 3) developing historic agroclimatic/crop condition S
Indices {or use in assessments and 1) developing preliminary statistical . o
:1limate/crop yield models for main rice for select areas in Indonesia. The PFT
results are discussed in this’ Phapter. The agroclimatic/crop condition indices
md statistical modeling results are discussed in Chapter V. The use of cropuh;
Lndex models, statistilcl models, soil moisture and other assessment tools forf;
naking assessments are discussed in Chapter VI. The following surnarizes the:f‘f
sypes of analysis. ' o |
1. Potential Evapotransoiraﬁioh'lt
e methodslfbr:estimatinéﬂPET'disCussedrin Chapter IIl;Were‘inrestiéated
using monthly data at four agrameteorological stations. The estimated'PETb
values were compared to each other and to pan evaporation. Mean values, vari-
ances and ratios were determined as appropriate for each station. ™e poal was
to investigate the "appropriate' method for estimaring PPP to determine 1f PFT
normals can be used instead of individual monthlv values, and to determine how g
to interpolate or estimate PFT at data. sparse locations._ |
2. Soll Moisture and the PDI | R St
The results of the PRT analysis werevused to estimate moisture using the ;
_Palmer two—layer model and then to calculate the PDI. The soil moisture esti-ié
mates are integral to the assessment program. The PDI shows pranise as a g

potential index for monitoring climatic conditions at individual stations. 3>i}

6
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Agmclimatic/Cr'op Condition Indices

'I‘hese indices are based on monthly r'ainf'all dat;a at agroclimatical stations
'and r'epresent primary tools for assessing dr'oug;nt 1mpact in Indonesla.
"n,f] ..t«n fntlenl Modeln | i
| These ‘preliminary- models require test and evaluation and should be used

, ,iwith caution. '
R . PET Results

Comparison of‘ the Penman, Tornthwaite and Hargr'eaves methods of estimating

PRT for Cimnas, Maros, MoJosari and Pusaka Negara are shown in Pigures 4.1la-d.
. The monthlv mean rainfall and pan evaporation are included for camparison. In
gener'al PET estimates during the dry season are larger than those in the wet
‘:j 'season. Also, the different PE‘I‘ methods tend to show the least scatter during
the wet: season. | e

~ Ralnfall amount;s In excess o[‘ PIP indlcate moisture surplus and vice-versa.
Figures U.la-d show ﬁh.v ‘cr-ops are grown in the wet season and why irrigation is
'needed in the dry season. Rainfall is usually adequate at Cipanas but crops
probably experience some drought stress at Pusaka,Nega‘ra and Mo.josatfi,
- particularly at the heginning of planting.
| Tables 4,1a-d show the simple statistics (mean,”‘ staﬁdar'd deviation,' ete.)
for these climatic variables and PET at each station. ™e mmber of ,‘ve‘at's in
 the data base 1s indicated by "N", If the standard deviation is squared, the
‘variances between PET, pan and rainfall can be compared. In general the rain-
fall variance 1s about 10,000 mm? while PRT and pan are about 100=h00 mm?. On
an order of magnitude basis, rainfall is about 100 times more variable than
either PET or pan e\}aporation. This suggests that for some applications, sample
‘mean PET can be used instead of 1nd1vidua1 caleulations for each month (or
decade). For exanple, this Finding could be used in soil molsture budget
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FIGURE 4 lc Pot:ent:ial Evapotranspirat:ion Analysis for Mojosari (P-Penman,"‘;;
R - T-Thornt:hwa:lte, Baﬂargreaves, E=Pan Evaporat::lon and RnRainfall)
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.. FIGURE 4.1d Potential Evapotranapir-tion Analysis for Pusaka Negara (P=Penman,
LR Ihmornthwaite, H:Hargreavas’ E=Pan Evaporation and R=Rainfall).. ,",
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analysis or- in crop mtet'jr-equit'ement calcu'lations usinp; crop coefficients.

Figut'es ll éa-c and ll‘.;3a-b demonstt’ate mor’e charactet'istics of PF‘I' vari. abilitv.vﬁ
Fisz;ur'es ll 2a-c show t:he individual monthly climatic var'iables dur'ing 107?—1981 |
for Januar'v, June and September' at Cipanas, respectively. The time-series for
June and ertember' have p;r-eatet’ scatter than during January (even though- the
scale}s;‘a’re different). Large amounts of rainfall during January probably dam— !
pens' var'iabi'lity of the other parameters. In Figures 4.3a-b, the mean and stan-
dar'd deviat;ions for Perman PET at Cipanas and Pusaka Negara are shown. In
Cipanas the smallest standard deviation is found at the end of the dry season
.while In Pusaka Negara the smallest standard deviations are f.‘ound during t;he v:et
season.

'I'able 4.2 shows the ratios of Perman, Hargreaves and 'Ihomt:hwaite PET to pan ‘
evapor’ation and 80 percent of pan evaporation for Cipanas, Moros, Mojosari and ‘
Pusaka Negara. Sample plots for Cipanas are shown in Figures 4.4ab. ‘These
ratios suggest how the methods can be adjusted if pan 1s used as & refer'enee-
criteria. Tn this case, 80 percent of pan evaporation is used as the sjmplest‘;
PRT model; In general, Perman and Hargreaves' PRT estimates are below pan
values. However, Thornthwaite PFT estimates are frequently greater except in |
high elevation stations (i.e. Cipanas). e T™ornthwaite estimated PRT values‘
ar’e well above pan during the wet season and well below pan during the dry
season. Perman and Hargreaves PET compare favorably with 80 percent of pan -
evapor'ation; however, there are some local differences. o

-' Some comments are to be noted before suggesting the findings. Tf.‘he'lar'ge o
’vat’iabilvit'y“ of PF.‘I‘ during the wet or' dry season as compared to PET variability
dnring the rest of‘ the year seems to be associated with temperature var'iability.
For example, during bthe ralny season in Pusaka Negara, station mean temperatures

vary by about 1-2°C from year-to-year, but as much as 3-4°C during the wet
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season., Fvapor'ation rates ar'e also higher' during the dr'y season (ll mm per'

day) compared to the wet season (3 0 m per day).

In Indonesla, where the main agroclimatic pr'oblens are drought and floods,
evapotranspiration, rainfall and runcff play an impor'tant role. T)ur'ing the ’
ralny season, usually with high rainfall intensity, the excess water' fr'om" e

higher elevations can flood the lowlands. : Gener"a..ly, the highest t'unoft‘ occur'
from December thr'u February. - B |
Preliminary findinp;s include :
1) The ad,justed pan evapor'ation and Penman method appear' to be acceptable
models for estimating PET in Indonesia. ’Ihe Har-gr'eaves method pr'oduces
the next best results and the 'Ihomthwaite method pr'obably under- |
estimates PET during the dry season and overestimates PET dur'ing the ; L
wet season. Both the Hargreaves and Tornthwaite methods should be'
used with caution. In higher elevation stations (1.e. Cipanss), the
Thornthwaite method underestimates PET thr'oughout the year. o |
2) Mean PET.values can probably be used instead of individual calculations_ .
for many applications, e.g., soil moisture budget calculations. o
Rainfall is much more variable than PET or Pan.
3) PET can be estimated at data spar'se locations by ad,justing estimated
PET's with the ratios of PET to pan or by inter'polating PFT and i
,accounting for elevation changes.

lvl) 'kLocal station characteristics must. be considered when interpolating)f:or'

| estimating PET for soil moisture or land use studies. el 4
5) -In many locations runoff during the rainy season is very high reaching*y»‘
' }-«‘600 to 1,000 m per nwnth. 'Ihis excess of water' causes plant nutrient
| losses by soil leaching, soil erosion on hillsides and eventually
-'.I’loodings in lowlands. ,
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c.f-ﬁf'cn'matic Diagrams LU |

‘ :i’i"h’e‘ mnth1y means of PET (ééﬁ&;h méthod), estimated actual evapo-
transpiration (AFT) and rainfall at each agrometeorological station were plotted
as shown in Figures 4.5a-d. The values of AFT were determmined from the Palmer
two-layer model. Such plots are called climatic diagrams.

The climatic diagrams illustrate the general water supply (precipitation)
and the water demand (AFT); hence, genepal periods of water deficit or water
surplus can be indicated. The diagrams represent one tool for application in
land use studles. For example, in Figure U4.5d, the climatic diagram for the
Pusaka Negara agrometeorologleal station suggests that water is adequate for
the crops during November to April., This contrasts with May to October when
water deflecits will usually be ekﬁerienced. e diagram provides general
| Information on the crop calendar and growlng season at Pusaka Negara. Planting
should begin during November to avoid water deficit problems.

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

. The climatic diagrams should be used along with other agroclimatic tools.
‘;Fbr example, the dlagrams complement agroclimatic/crop condition index models
1 and statistlcal crop yleld forecast models for assessing climate impact on

i~{crobs. There are also many different tools for application to land and water
* management questions; thé‘R-Index has been widely used in land suitability

studies.
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CHAP'[‘F'R \'4
CLIMA""IC IIVIPAC"1 ASSESSWFN[‘ I“K)DF.LING RFSULTS

Climatic impact assessment models which wer'e developed f‘or’ Indonesia E
include 1) ap;roclimatic/crop condition indices for: r'ice and maire, ?) soil |
moisture assessment procedures and 3) a statistical climate/crop yield t‘or'ecast
model for main rice. These assessment models are based on relationships' which "
reflect the blological (or agronamic) response of the crop to moisture and tem-
perature anomalies during the growlng season, particularly during the critical
flowering/reproductive crop stages. Although all the models require thorough
test and evaluation, they provide a solid foundation for ’assessinp, climatic
impact on crops during the growing season. : :‘ ‘ v‘

This chapter includes information on the histor'y of‘:_cmp yield modeling,

analytic steps for model development, discussion or the pr-oposed assessment
models for Indonesla and suggestions for test and evaluatiow or the models.
A. Rackground v . _ 7

During the decade of the 1970's, significant advances were made in the devel-
opment and application of climatic impact assessment modeis for agriculture. - .
The success of thls applied modeling 1s associated with the increased availabil-
1ty of camputers which permitted sclentists to develop the models coupled with
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 ct'cp |
ylelds and agricultural production. It has becane recognized that these rhodeis )
can supplement and complement other information sources, e.g., crop imf‘omation
sources including farm and marketing reports, rrobability surveys involvim;_ area

farm analysis, census, demand side economic analysis and others.

93
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Models ‘are also being used to pt'ovide early warning of potentially
| ?disastrous food shorta,cree resulting from severe drought. Fbr' example, ‘the
'; ’United Nations, Food and Agricultural Organization (UN/FAO) and the U.Ss.
-Netional Oceanic and Atmospheric Administration, National Fnvirommental
Setelliﬁe, Data and Information System, Assessment and Information Services
Ceﬁter (NOAA/NESDIS/AISC) are two organizations involved in this type of effort.
rI’he AISC program provides support to the Off‘ice of U.S. Foreign Disaster'

- Types of Crop Yield Models

There are essentially three types of' crop vleld models l) statistical

climate/crop yield models, 2) agr'oclimatic/cmp condition index modele and 3)
the phenologic or "process" models. / '_ 3 “

The statistical model is based on multiple linear regree’é,ion analysis using
historic climatic data and crop yield. These models provide absolute yleld
forecasts. Statistical models have been developed or at least attempted_ for
many geographic reglons in the world, particularly major grain producing "a;r'eas'.
Some of the crops modeled include wheat, corn, barley, soybeans, sorghmn/millet
rice, cotton, sunflower, flax, groundnuts, sesame, sugarcane, oil palm and
others. _ )

The second type of model 1is the agroclimatic/crop condition index which is. |
B ,lalso‘ based on historic climatic data. This approach has became increésingly
: popula: to assess crop conditions and tn obtain r'elative crop. yleld information.
The index 1s based on an agroclimatic variable such as cumulative pvecipitation,
'VyPF'I‘ ET/PET, soil moisture, and others directly assoclated with the year-to—year
:.variations in crop yleld. The index provides a measure of climatic 1mpact on 1 |
~ the crop, particularly for drought impact assessment. ' o
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rr'he agroclimatic var'iable on which the 1ndex 1s based could be viewed as f'hat
predictor' var'iable which would produce a statisticallv signifiicant r'egr-eqsion ,
model, 1if r'eliable yleld data were aval lable. 'I.‘he cholce of the proper agmcli-'.
matic variable can be determined by: 1) knowledge of those climatic conditiohs
which determine yield, pafticularly in marginal, semi-arid production regl ris
wherz crops are rainfed, 2) infonaation on the appronriate 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
tumper 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. Fplsodic data can also be used
to interpret or "calibrate" the indices for a particular region. For example,
the index can be computed from 20-30 years of historic climatic data and plotted.
as a time-series. e values of the index are entirely relative and can be
expressed 1n raw rumbers, percent of some base year, percentiles, standard
deviations, etc. Fpisodic reports on the fallure of crops due to drought may
suggest, for example, that "histor'ically crop fallure is associated with index |
values which are below the 20th per'centile or equivalently A0 per'cent of
nor'mal " : .

The third typeofmodel 1}st. éhe‘ phenologic or "process" model which is béeed
on plant pvvocesses""suchk as photosynthesis. Although these models are still in
the research and development etage, they show promise. They were designed ‘pr'i-
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,
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";or example, to examine various strategies fbr increasing production. The
models are being tested to detennine ir they can be used to provide assessment :
infonnation on crop phenology and relative ylelds for a large area such as a

‘ province. Te models work best in the reglons where they were developed, but
potentially can be adapted for avplication in other areas.

- Applications

' ™he statistical crop models and the agroclimatic/crop condition index models
are primarily drought impact models. Fxcessive moisture or flooding conditions
| are usuélly quite difficult to model. However, a skilled analyst can use the
'models to provide very useful crop yleld information. The capabilities (when
the model works) and 1limitations (when the model does not work) of the model
must be used as guidelines fop ihterpreting the output of the model. ;

Statistical climate/crop yleld 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 yleld data. Yield is an integra-
tor of climate and the model converts climate data into simulated yieid.
Simulated ylelds 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 mofe regions and in the
analvsis of climatic trend. For example, an often overlooked fact 1s that
trends 1n yleld or production can also be associated with long-term trends in
;rainfall. Sometimes trend in yleld due to climate trend can also be assoclated
.with trend in yleld due to improved technology or decreased soil fertility.
t Steyaert, Achutuni and Ravelo (1979) used a statistical crop yleld model to
investigate the wvulnerahility of maize to drought in Haiti due to soil erosion.

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



ter holding capacitv of the soil resulted in increased vulnerabilitv of mai7e
to drought i.e.; shallow soil cannot store as much water to carrv the crop
: through drv spells. | '

Crop yield models can be Important tools for land use studies or analvsis of
climatic change. (What happens to yleld if rainfall decreases by 50 percent?)
The models can increase awareness and knowledge about those climatic conditions
which affect yleld. Finally, the models can 1n some cases be used as a basis
for farmer's advisories, e.g., recommended planting date, irrigation scheduling,v |
and fertilizer applications (see Steyaert et al, 1981).

R. Analytic Steps to Model Development | ‘ L i v

Year-to-year changes in crop yleld can be caused by weather‘eVents (frost;'-‘w
flooding, winds, etc.), climate (drought, ancmalously "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 determine
the potentlal yleld. Trends in yleld can be assoclated with elther changes inb
technology (e.g., increased technology impact each year),_trend in climate or
both. s

The above factors suggest the need for ‘several different types of data ‘
bases: meteorological, crop statistics (area, yleld and production), technology
data and episodic data as previously described. Detailed information on crop
| calendars and agricultural practices are also necessary. k
The first requirement is to assemble the avallable data and thoroughly per—

- form quality control checks. The rellability and adequacy of meteorological and
yleld data rust be determined. Too much emphasis cannot he placed:on this step.

The_modeler‘must became very familiar with agricultural practicesland the_'
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factors which cause yleld variability.‘ The candidate predictor variables, role ‘
vof technology, and significance: of decadal monthlv or seasonal predictor . ,m»i
variables must be determined. j _ ‘ | "‘i ;

In the traditional statistical climate/crop yvield models, the basic predic-
dtor variables are monthly precipitation, temperatures or derived indices such as
”the R—Index. If technology has caused a time-trend inkyield, a time‘qr year
; tenn‘ has traditionally heen used: as a 'su’r.-rogatel variahle for te'chnology' 'Ihé ;‘
time trend variable can he included as a predictor variable in the model o
development. S L

Scatter diagramS'and'lineav*corcelaticns are uSed;to select’preliminavy pre-
dictor variables which must be statistically related to yield as well as biolog-
lcally related to the crop. Linéar regression analysis 1s used to develop the
model. The final mndels must he tested and evaluated.

Scatter dlagrams and linear correlations are used to select preliminarv pre-
dictor variables which must be statistically related to yield as well as biolog—
lcally related to the crop. ILinear regression analysis 1is used to develop the
model. The final models mist be tested and evaluated. .

‘Some of the advantages and disadvantages of statistical climate/crcp yleld
ﬁmodels 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. .

g .2) Monthly data are often used. Crcps are also reéponsive(to morévfrequent

changes 1n the weather or climate.



‘ 3):fShorter period weather phencmena,fespecially episodes such as extreme -

"\}ftemperatures,

) reeze, or flooding cannot be nodeled very
;Aj'_?{’well. »‘ e | - : A
dﬁ)i}Fvisodes usuallv do:
I analysis. : i 3 ‘ ‘
S)l'Regression models tend to predict "close to thelmean yield" and do notf

v'predict extremes very well. Whe modelsmshould not be used to predict,z
independently outside of the range data. . '
f) The models use linear trend as a surrogate forbtechnology. If not
obJjectively specified, the trend term can be very misleading in the
development and use of the model. Linear trend is used hecause the
technology data are generally not avallable or are of low QUality.

Furthermore, no one has devised a statistical method of canoinimg-';yf

weather and technology data.

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

3,tionsh1ps used to develop the model. For example, varieties:could'
change such as traditional varieties to high vielding varieties

climatic responses could he different.
: Advantages D T ; ,
1) These models are hased on the statistical/agmnanic/phvsical slgnifi-
~ cance between the climatlc data and crop vield data. Physlcal signifi- vi
cance means that any weather or climatic variable used in the model has
a High degree of bilological relationship with the known effect on the
~crop.
:'"2)’ Models represent straight-forward relationships that make minimal
| }assumptions and permit the yleld data and climatic data to define the
model according to historical interrelationships. They make the maximum

use of historical climatic data and yleld which is an integrator of climate.
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3) "he models are inexpensive to operate and produce useful information,
harticularl,v 1f' they are evaluated according to strengths and weaknesses
k along with other crop yield or crop condition forecast procedures. The
‘ models should he used to supplement other sources of information.
| C. Agroclimatic/Crop Condition Indices
‘ Agroclimatic/crop condition indices based on the GMI and YMI were developed
:t‘or' assessing drought Impact. The (MI was calculated for each of the 56 sta-
tions indicated in Figure 3.1. The YMI for the first and second rice and maize
crops were also calculated at these same stations. BRoth indices should be used
in preparing the climatic impact assesstnents. |
1) Generalized Monsoon Index (GMI)
o 'I_he GMI for the SoutheaSt Nbr{eoon season is based on April through July
mohthly precipitation data. "he weights for each month are 0.15 for April, 0.25
f‘or" Mav, 0.40 for June and 0,20 for July. Te index is accumulated at the end
of each month, Similarly, the GMI for the Northwest Monsoon season is ’based on
Noverhber', thrcugh February precipitation. The corresponding weights for each
month are 0,15 f‘or" November, 0.30 for Deqenber, 0.30 for January and 0.25 for
December. o
The monthly rainfall data (Pl Jan, 1?2 Feb, etc.) and the associated
sample means (NP1 = Jan, NP2 = Feb etc ) f‘r'om the per'iod of‘ record for the
‘ meteorological stations in the Java r'egion at'e indicated in 'I‘able 5 1. These
data are also listed by station.
The GMI analysis for the 1974 Nor'thwest Monsoon season at all stations in
"Java 1s shown in Table 5.2. The OMI is expr‘essed 1n millimeters at the end of
each cumulative time period: GMI_P11 at the end of quember, GMI1l1 . 12 at the end
‘ of‘ T)ecemhr-\r', (MI 11 1 at the end of January and (MI 11 2 at the end of January.
,The "nonnal" (1.e., sample mean) GMI at each period is shown: NGMI . P11 at the
end ;of _Novembe_r', NGMI11_12 at the end of Decembe_r', etc. The percent of nommal
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-2 Generalized Monsoon Index Analysis During the 1974 Northwest Monsoon

"TABLE 5

Season for Stations in Java Province.
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GMI for 1974 at each station 1s shown PGMIll at the end of November, PGMI1112
at the end of December, etc.. Whe 197M GMI values at each station are also:i 2

expressed in percentiles which were detennined from the historic record at eachy i
station. The percentile variable is: PLGMIll at the end ofvtiﬁv:

at the end'of December, etc.

Table 5.3 shows the GMI at Pasirian in East Java fbr the period 1951—1976
The variable names are similar to those in Table 5 2. Similar tables were;g
developed for other stations and there are provisions at the bottom of each
table for calculating the GMI in order to make assessments during the period
following 1976

Figure 5.1 shows the time-series plot of the GMI (expressed in percentiles)
at Pasirian during the period 1951-1976 and at the end of each assessment month-’ﬁ
(N = November, D = December, etc.) Similar plots have been developed for ;
other stations. T™is type of a graphical representation 1s very helpful 1n ,‘h
studylng the year-to-year varlations of the (iMI at a particular station. | .

For example, the percentiles at the end of December, January and beruary'of ?
1969 at Pasirian in Fast Java were all below the 10th percentile. Such lowv'
index values suggest extremely dry conditions at Pasirian, indicating the possi-’_'j
bility of severe drought impact. Fpisodic event data can be used to verify
these conditions.

The GMI is primarily designed to assess drought impact. However, GMI values'l
above the 80-90th percentiles may be indicating flood situations. These neen‘
to be verified by using epilsodic data and local experience. , |

One of the primary tasks to be accomplished during test and evaluation is
the "calibrated interpretation" of the (MI (this also applies to the other tndex
models) . Again eplsodic event data’ and local experience are useful guides. :

Preliminary criteria for the critical thresholds for interpreting the GMI could :
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_FIGURE 5.1 °

INDONESIA
GMI (NW) PERCENTILE PLOTS
PASIRIAN

15667

1969

Percentile Rankings of the Generalized Monsoon Index (Northwest) at-PasA

in Java Province (N=November, D=Deccmber, . J=January, F-February)
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_*;1) 90-100th per'centile range for possible excessive noistur'e, 2) 60-90th
‘vper'céntile ranp;e f'or- possible above normal crops, 3) lIO-ﬁoth per'centile range
':f‘or- nor'mal crops, 4) 30-40th percentile range for moderate drought impact on
Hcr'ops -5) 20-30th percentile range for drought impact on crops and 6) 0-20th -
percenti]e ranp;e for severe drought impact and possible crop fallure.
2. Yield Moisture Index (YMI) ‘
r[‘he YMI was determined tor the first and second maize and r'ice cr'ops usim;
cmp calendar' ini‘on'nation, estimated crop coefficients, and monthlv t'aint'all
_ ‘datz;a. at» the same stations used in the GMI analysis. Although maize and rice
;‘ 'Wéb; Selécted for the analysis, the YMI for other crops that are susceptible to
| drought could have also been used AISC usually defines the YMI for short-cycle
"cr'ops such as rice, maize, beam, sorghum, millets, etc., that are vulnerable to
drought. Long-cycle, drought resistant crops such as cassava, cowpeas, etc.,_“
are not easily assessed by this index technique. ‘ “ ‘
'[‘he YMI 18 directly analogous to the GMI; however, the YMI is cmp specific
a.nd the GMI pertains to general crop conditions for crops planted in November'.
MI/Matze |
In Indonesia, rice is gener-ally grown during the main rainy season whereas
maiye is primarily grown during the secondary rainy season. 'Iher'efore second
season malze refers to the malze crop planted during the secondary rainy season.
The YMI for the first season maize crop was defined for planting in November,
vegetative stage in December, flowering stage in January and maturity stage in
February. The YMI for the second season maize crop was computed as follows:
| planting was defined to be in April, vegetative stage in May and flowering in
~June. ‘The preliminary crop coefficients for each of these crop stages were pre=
sentéd earlier in Table B.Ub. T™e YMI 1s accumulated at the end of each stage.
The index value and its relationship to potential drought impact becames the
‘moAst frfeliable at the end of flowering or maturity stage, depending upon whether



Table 5 4 and 5 S show the YMI fOr the secondaryh e‘lon‘maizéicrop‘at the{ﬁt?
stations in Java. durjng 197U and at Pasirian (1951—1976), pespeot1Vely. “he. j?L
index 1s‘expvessed in millimeterskat'the end of planting (YMI_H), vegetative-fk?
(YMI_5), and flowering (YMI_ﬁ)- "Normal" (or sample mean) values of the'YMI,;l::

determined from the period of record at each station are indicated, e. g.,,‘e,;fr

NYMI 4 at planting, etc. The percent of' normal values (PNYMI 4 atnthe end ofgi
planting, etc.) are indicated.. The percentile value fbr each crop stage a =
provided (e.g., PLYMI 4 for planting, etc Yoo E
Figure 5.2 shows the historic plot of the YMI (1n percentiles) for the
secondary seascr: malze crop at Pasirian in Java.; The use oP the YMI 1n .
assessments and the interpretation of the YMI 1s directly analogous to the ‘
discussion of the GMI, except the YMI 1s specifically designed for maize.‘""f!{
The percentiles indicated in Figure 5.2 can be interpreted as follous; hffy
T™e YMI at the end of planting.("u" for April in Fgure 5.2), vegetative (5" h'
for May) and, flowering ("6" for June) stages 1s' shown plotted for each year.:fs
The percentile value at the end of maturity also suggests relative maize vield
i.e., the maize yleld relative to ylelds in other years. This type of 1ndex
information can be converted into an estimate of absolute crop yleld; howeven,.”
this requires assumptions that usually are a subject of debhate. Wherefore,kcbop
condition assessments should be confined to statements based on.relative 1nforbiy
mation (i e., percentiles, percent of nonnal 1ndex, etc ) It should be noted 8
that percent of normal YMI does not equate to percent of normal yield.,‘f |
WI/Rice | DR FE RN
The YMI was oanputed for both the first and second rice crops.‘ Tables b'ﬁ a
and 5. 7 plus Finwre 5 ? exemplifv the development of the YMI for the fivst rice

crop at individual stations 1n Java._ The analvsis 1s essentially the same as ;f
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TABLE 5.7  Historical Yield Moisture :Index Analysis for First Seasom Rice at Pasirian:




INDONESIA
YMI ANALYSIS: FIRST SEASON RICE

PASIRIAN
N = PERCENTILZ RANK FOR NOVEMBER
D = PERCENTILZ RANK FOR DECEMBER
J = PERCENTILZ ANK FOR JANUARY
F = PERCENTILZI RMNK FOR FEBRUARY
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FIGURE 5.3 Percentile Rankings of .the Yizld Moisture Index for the First Rice Crop
- at Pagsirian in Java Province.
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for the YMI/Malze excépt for thé croﬁ vcalendar' and crop cbet‘t‘icients. Tese |
include: 1) planting in November with a crop coefficient: (KC) of‘_O'.85‘, i
2) vegetation in December with a KC of 0.95, 3) flowering in January witﬁ‘éKCv‘“
of 1.05 and 4§) maturation in F‘ebr'uar'v with a KC of 0,95 (Table 3.4b).

The cr'op calendat' and crop coefficients for camputing the YMI for the second
rice crop include: 1) planting in April with a KC of 0.85, ?) vegetative in
May with 'a KC of 0.95 and ﬁ) flowering in June with a KC of 1. 05.  Short seasoh.: :
varieties are generally planted for the second r'ice cmp, the YMI is fher'ef‘or'e
not computed beyond the flowering stap'e (’T‘able 3. llb) N | -
D. Soil Moisture Assessments

The Palmer two-layer soil moiqtur'e budp;et: model 'Swasf:used fffor nluqtrative

purposes to estimate soil moisture at the followingl;‘f'our tations Fipanas, B
Maros, Mojosari and Pusaka Negara (F‘igur'e 3.1). 'Ihe Pen;lén PF‘I' method was used;_'
in estimating the monthly soil moisture budget. EREE
Table 5.8 shows the soil moisture budget at Mo1osar'1 for the per'iod
1977-1979. The corresponding 7-Index and Palmer Dr'ought Index (PDI) values '
are shown in Table 5.9. A plot of the PDI for the pet'iodb 1977-1980 is shown in
Figure 5.4, | SR | |
The soil moisiure estimates can beyihcor'boratedv into the asse‘ssments_.y The -
derived indices may also be useful in crop condition analysis. However, test:
and evaluation mist be performed. Specif‘icallv, the analysis 1s based on. an
assumed maximm available water capacity (AWC) of 100.4 mm. 1n the soil pr-of'ile.';;;'
This generally results in a full profile during the r'ainy season.k 'Ihe _mpli-

cation must be carefully evaluated.
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The Indonesian Meteorological Set'vice has developed its own technique f‘or'
estimating soil moistuz'e on a decada.l basis. It will be highly desir'able to i,.
incor'por'ate these decada.l soil moistur'e estixnates into mtur'e assessments as
local conditions ar'e taken into consider'ation by their- technique.

F. Statistical Climate/Crop Yield Forecast Models for Indonesia
Statistical climate/crop yleld models were attempted for main rnaiyeanddpy-

land paddy for select provinces in Indonesia. Although these pr'eliminar'v ;tr‘ndels '
require thor'ough test and evaluation, they are promising. Testing should
include evaluation of independent predictions for years not in the data base.
The pr'edictor' variable in the models should be validated to ensur'e that they are
biologically related to the crop arxi reflect vulner'abili ty of the crop to cli—
mate anomalles which lead to yield losses. |
Monthly precipitation and temperature were used as predictor variables in
developing the linear regression models for maize and rice. e

The linear regression models have the form:
N
A
Y=ag+ X aixg
' i=1

‘ wher'e

Y is the pr'edicted yield'}'

ao is the r'egressio.“';constant;(i e., inter'cept),

ai is the ith estimated vr'egr'ession coeff‘icient f‘or' the Nth
L meteorological var'iable xi.- _

Mai'ze Models

Maire data on area, pr'oduction and yield f‘or' the pr'ovinces of‘ Jawa Bar'at

Jawa .Timur', Sulawesi Selatan and Sumatra Selatan are ‘shown 1in Table 5.10. Plots’
) of‘ the yileld data are shown in Figures 5. ‘Sa-d. Incheases in yield over the S
S year's can be attr'ibuted to high vieldinp; 'var'ieties (HYV's) of malze, f‘er'tiliver's'
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TABLE 5.10 Maize Area (Hectares), Production (Tons

for Selected Provinces in Indonesia.
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and improved cultural practices. In each case a linear tnne trend was fitted to v
the yleld data (Figures 5 5a-d) The variance in yield (R2) attributed to tech-Jff
nology 1s as fbllows i) Jawa mimur—Q? percent ii) Sulaweqi Selafan—71 per- iﬂﬁ
cent, iii) - Jawa Harat-70 percent and 1v) Sumatra nolafan—?ﬁ percent., s
A sample of the input data for modeling maize in Jawa Barat 1s shown in
Table 5 11.; Ldnear correlations between detrended yleld and the weather o

variables fbr all four provinces are shown in Table 5.12a-d. Monthly as well as};f
cumulative rainfall variables were used in the correlation analyses. ' .

The maize yleld data avallable for modeling includes both the main and
Secondary season crops. Although maize in Indonesla can be grown throughout the a
year, the main season malze crop 1s generally planted during October-November |
and harvested in January-February. On the other hand, the bulk of the secondary
malze crops 1s generally planted during March-April and harvested in June-July
(Table 2.3). For these reasons, the maize yleld models developed in this study
should be regarded as preliminary and used only for understanding model develop-
ment.

Table 5.12a shows the correlation analysie for Sulawesi Selatan. Five
lagged rainfall variables viz., LP1l (previous November rainfall), I.P4 (previous
April), LPB_9 (previous August-September), LP9 (previous September) and I,PR
(previous August), are significantly correlated. The stepwise regression pro-
cedure selected LP11 to be the "best" weather variable for the model (Table 5.13).
The model fit is shown in Figure 5.6. The model has an explained variance
(R-Square) of 91 percent, out of which trend alone explains 71 percent. An
alternative model was also developed for Sulawesl Selatan by foreing the variable
LPR 9 (pre-season rainfall) into the model. The resulting model 1s presented in
Table 5.14 and 1s shown plotted in Figure 5.7.
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tions for the Main Season

Maize Crop in Jawa Barat Province.

TABLE 5.12b Detrended Yield Versus Weather Correla
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" TABLE 5.12c Detrended Yield Versus Weather Correlations for the Main Season .

Maize Crop in Jawa Timur Province .
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TABLE 5.12d Detrended Yield Versus Weather Correlations for the

Maize Crop in Sumatra Selatan Province.



INDONESIA
MAIN SEASON MAIZE YIELD MODEL
SULAWESI SELATAN

~MODLL-5v 'MODELO1 SSE 0.024551] F_RATIO
| _ AFE 5 PROB>F
;oca VAR: YIELU MSE  0.004912242 R-SQUARE
Ul - PARAMETER STANDaRD
ViRIASLE OF ESTIMATE ERROR T RATIO
INTERCEPT 1 0.599458 0.067592 8.8557
TRENDX 1 0.068326 0,010817 6:3166
LPI1 1 0.00038451495 0.0001144868 3.3586

‘ 'IABLE 5.13 Main Season Maize Yield Model for Sulawesi Selatan Using a
= Linear Trend (TRENDX) and Previous November Rainfall (LPH)

‘MAIN SEASON MAIZE YIELD MODEL
SULAWESI SELATAN

621

MODEL:!  MODELO1 SSE 0.035561 F RATIO
: S OFE 5 PROB>F =
DEP VAR: YIFLD MSE 0,007132124 R-SQUARE
: PARAME TEK STANDARD -
VARIAGLE DF ESTIMATE énﬁoa T RATIO
INTERCEPT 1 0.620849 0,072596 7.7707
TRENDX 1 0,073572 0,013157 5.59
LPE_9 1 0.0007606457 0.0003051643 3.4952 

I-\BLE 5.14 Alternate Main Season Maize Yield Model for Sulawesi Selatan

Using a Linear Trend (TRENDX) and Previous August—Sept:ember
Rainfall (LP8_9). .
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FIGURE 5.6 Main Season Maize Yield Model Plot for Sulawesi Selatan
Using a Linear Trend (TRENDX) and Previous November

Rainfall (LP..).
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INDONESIA
MAIN SEASON MAIZE MODEL

SULAWESI SELATAN

Model: YHAT = .62 + .07 TRENDX + .0008 LP8 9
R-SQUARE = 87% S.E = .08 mt/ha

O = Observed Yield P = Predicted Yield T = Trend Yield;f

1i1-e

TELD(MT/HAY.
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T vsan S ,

FIGURE 5.7 Alternate Main Season Yield Model Plot for Sulawesi Selatan

Using a Linecar Trend (TRENDX) and Previous Aupust—September'."~
Rainfall (LP8 9).
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,‘ ‘ 'The correlation analysis fop Jawa Parat (Table 5.12b) indicates that only
two variables, P2 (pr'evious F\ebr'uar'y rainfall) and LPC) (pr'evious September'
‘r'ainf'all) to be significantly correlated with the detr'ended yield, 'lhe
variable LP9 alone was entered into the regression analysis as it was physinlo-
gically more meaningful than LP2. The regression analysis 1s presented in Table
'5.15 and the model plot is shown in Flgure 5.8. The model has an R-Square value
" o:ffv 82 percent; trend alone explains 70 percent of the yleld variability.

Table 5.12c shows the correlation analysis for Jawa Timur. It should be
recalled that trend for this province explains.97 percent of the variability in
yleld about it mean value. For this season no meaningful correlations were
found in the analysis.

The correlation analysis for Sumatra Selatan 1s shown in Table 5.12d,
Rainfall during planting in March (P3) appears to be the only significant
weather variable. The regression analysis is presented in Table 5.16 and the
model plot is shown in Figure 5,9. The model has an explained variance
(R-Square) of 70 per’cent. 'I‘rend alone explains 36 percent of the var'iability
yield. B

" Rice Models ‘ , : _ e

The dryland riaddy area, production and yleld data for the pp§vince$ of
Jawa Barat, Jawa ™imur, Lampung, Nusa Tenggara Barat, Sulawesi Selatan and
Sumatra Selatan are shown in Table 5.17. Plots of the yleld data are shown in
Fip;ures 5.10a-f, 1In all six cases, a significant drop in yleld from 1976
onwards is evident. Table 5,17 suggests that this peduction in yield is due to
a drop in production and not due to an increase in area. Higher fertilizer
prices may also have contrihuted to overall reductions in yleld,

The dryland paddy crop is generally cultivated during the main rainy season
and. 1s not irrigated. Planting generally takes place during October-November



INDONESIA
MAIN SEASON MAIZE YIELD MODEL
JAWA BARAT

MODEL:  MODELO1

SSE 0.028042 F_RATIO 15.98

‘ OFE 7 PROB>F v,0025

DEP VAR: YIELD MSE 0.004005761 R=-SQUARE V.8204

N PARAVETER STANDARD

VARIABLE = DF ESTIMATE ERROR T RATIO PrUB>{TI
INTERCEPT - ] 1,059973 04047023 22.5414 u.0001
TRENDX : 0.032536 0,007210208 G.5124 v,0028
LP9 -1 0.0003016796 0,0001414475 2.1328 0. 0704

TABLE 5.15 Main Season Maize Yield Model for Jawa Barat Using a
. Linear Trend (TRENDX) and Previous September Rain%all (LPg)

MAIN SEASON MAIZEYIELD MODEL
SUMATRA SELATAN

MODEL: MODELOI 0.016743 #‘RATio~‘

SSE
DFE paoa>r i .0
DEP VAR. YIELU MSE  0.001860472 -SQUARE 6
o PARAMETER STAND&RD R
VARIABLE . DF ESTIMATE ERROR T RATIO 1T
INTERCEPT ,  0.535989 0,060715 8.8280 v, 000])"
INERDK 1 02019311 0.005859311 33809 V008
P3 1 0.00086188395 0.0001968495 3.1440 V0119

IABLE 5.16 Main Season Maize Yield Model for Sumatra Selatan Usinggu
} a Linear Trend (TRENDX) and March Rainfall (P3) S T,fo
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INDONESIA
MAIN SEASON MAIZE MODEL
SUMATRA SELATAN

Model: YHAT = .54 + .02 TRENDX + .0006 Py
(RSQUARE = 70% S.E = .04 mt/ha
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ff;@ﬁRﬁiSf9 Main,Season Maize Yield Model Plot for Sumatra Selatan
Lo ’ Using a Linear Trend (TRENDX) and March Rainfall (P3)
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‘ INDONESIA
DRYLAND PADDY YIELD
JAWA BARAT .
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"FI.GURE '5.10a Dryland Paddy Yield Plots for Jawa Ba',’atlpr"‘, ce i
B R Indonesia. : K R
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‘FIGURE 506 Dryland Paddy Yield Plots. for Jawa 'rnnu' Ptovince 1n’f‘
Indonesia. - :
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INDONESIA
"DRAYLAND PADDY YIELD
LAMPUNG
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FIGURE}S 10c Dryland Paddy Yield Plots for Lampung Province :ln“
SIS :Indonesia. 3
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FIGURE 5 10d Dryland Paddy Yield Plots for Nusa Tenggara Barat Provincef'f,‘:
in Indonesia. g
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INDONESIA
DRYLAND PADDY YIELD
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and hawes'ting in bez-,uary»-’mébch.( Yield weather cdrrélaﬁions for dryland 'paday
in the stud,v.ar'ea are shown in Table 5.18a-f. It 1s desirable to include ‘ata-;
tistically si@if‘icanﬁ and ph&siologically meaningful variables in the crop |
models. An examination of Mables 5.1R8a-f excludes the possibility of developihg
meaningful models for dryland paddy in the study area. The negative tr'end,'i_ri‘ii‘b

yield af'ter 1975 may be a wajor factor in the poor correlations.
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CHAPTFR VI

ASSFSSMENT PROCFDURFS '
j: Tﬁis-cnapter describes the structure of climatic impant asSessments; the‘
'otypes-of assessments proposed for Indonesia, the agroclimatic models, display of
 :the'data, steps 1n making an asspssment and comments on user Interpretation of
» assessments. Mest and evaluation procedures for the period May-October 1983 are
also discussed. ‘ \
A. Definition and Assessment;Eonmat
1. Definition '

The climatic impact assessment is a concise statement which provides deci-
sion makers with quantified information on the cuprent or. potential efrect of
climate and weather variabilityvon some aspect of socio-economic activity,
Assessments could address agriculture and food security as discussed in.this
’stud,y, other economic sectors (e.g., fisheries, energy, transportation%
.conStruction, recreation, health, etec.). 'Me 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 meteorological data into economic information. This process can be
viewed as a means for interdiscipiinany commmnication and in many cases pramote
‘interagency dlalogue.

| The meteorologlst prepares a basic assessment from agroclimatic models and
real-time meteorological input data. The assessment is provided to users such
as food security managers, economic policy analysts, agricultupal statisticiansg
extenslon officlals 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 econcmist involved in the crop production and

yield fbrecast problem can combine't e”assessment with analvsis fran area fann j

survey results crop cutting reports, farmers reports and other dat sources.

There are no iixed rules for preparing an assessment and it:i ~j
tant to adapt the assessment to individual user needs. waever, .t; %pi ﬂﬁ“‘
basic structure is recommended. | o e |
2. Format

The format for an assessment includes the fbllowing sequential statements
1) Impact, 2) Perspective, 3) Model Results, 4) Weather Analysis and 5) Support
Information. Only infbrmation and data relevant to the impact are used in
statements 2 throughAS. These Justiﬂy the impact statement.

Inpact |

This is the statement which directlv cammunicates needed informatlon to thef
decision maker. The terminology is strictly associated with the user's , t
discipline. Preparing the impact statement is the most difficult task of thefgi
assessor. It must be objJective and clearly stated. | |

Some example statements couldkinclude: 1) there will be a crop failune in
Region X due to drought, 2) crop conditionsvabe very poor in Region X and poten-
tlally 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'eondition and the prospects for this
year's harvest are exceptienally good., Ir abnonnal rainfall was a problem in
the early part of the growlng 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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_T'he impact stater_ne‘nt:_ does not inciude‘any'technical discussion of meteor-
010gicai events or dat'a "'.‘.".nése;___"a‘r,fe_'descr_'ibed in subsequent portions of the
" assessment. et '

Perspective Statement

The perspective statement can be used t;o qualit‘v the impact by descr'ibing
the expected scopz and mgnitude of the potential pr'oblen.l be example, the
statement that a maize crop failure is 1ike1y in Region X could be followed by a
statement which describes the favorable situation at other 1ooations within
Region X or other regions in the country. Another example is, "this is the
wor"st drought In the past 30 years." The decision maker- 1s provided with infor-
mation on, "how large is the expected problem."

" Model Results )

" The per'spective statement is followed bv a discussion which lists the quan-
titative results from the assessment models: 'lhe model could be a drought or
crop condition Index, a statistical crop yield model or soil moisture infor-
‘niation. The model output is presented as a percent of normal or percentile
‘nank. For example, the statement could bhe "Agroclimatic/crop condition indices
ar'e:ﬁo percent of normal which 1s 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 1t useful to know how
this year's information compared to last year (e.g., as a percerit of last year)
or by also listing recent good (poor) years which are camparable. For exaniple,
an assessment of crop conditions made at the end of Aupust and describing con-
;ditions as bad or worse than conditions in Indonesia during 1979 would be well

f'.'under'stood by users.
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Weather Analysis

The weather analysis section descr'ibes the weather' and climatic conditions
: which were assoclated with the impact. Only r'elevant inf'ormation and data are ,
pr'ovided Information such as seasonal rainfall amount monthly raint'all tmp— i
ical storm conditions, etc., are provided. Statements on the b_ehavior of the -
monsoon (erratic, late ar'r'ival,i early r'etreat, ete.,) are 1ncluded'Ihisis the
classical weather description. | : o

Support Information

The very last portion of the assessment is optional and’bpr'ovides reliable |
support statements taken from secondary sources of i.nf‘omation. F‘or' examnle,
reports f‘ﬁom the fleld would he appropriate. News media accounts are generally
not recommended.

R. Types of Assessments for Indonesia ‘ .

This study developed three types of assessments including' 1) Dr'ought Far'ly;':t_;l
Warning, 2) Agricultural Crop Condition and 3) Weather' Advisories f'or' the = ’ |
Extenslon Service. Depending on the user's requirements, the drought-early
warning and crop condition assessments can be coambined into one repor-t. 't’ne
advisory assessment for the extension service should provide weather analysis in -
great detall and considerable information and data on soil moisture. A table :
providing soil molsture estimates for each month could be included. The spec-.
ific requirements and format desired by users must be obtained. ' |
C. Frequency for Making Assessments ; | ' ’ | A‘

The models developed in this study use. monthly meteor'ologi.cal data, ther'e- -
fore, primary assessments are made within about 5 days af‘ter' the end of each
month during the growing season. However', update assessments pr'oviding cur'rent ‘
‘weather and other qualitative i.nf‘omation can also be provided each week or'

f"ever'v two ‘weeks. These help the user' maintain continuitv.
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. F‘requently, user-s r'equir'e Special assessment reports which elaborate on t:he '
potent:ial 1mpact: pr'oblems 'rhese could be 5-10 page reports. 4
’ " Assessment models could be developed from decadal meteomlogical data (e.p;.,'a
10 day total rainf‘all) and assessments made every 10 days.

D. Assessment: Models

Pr-imar'y Models

The primary assessment models to be tee'ted',ihe‘ludeiihe' Generraiized Monsoon
JIndex (GMI) for the June-Septeémber 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
"_eiirﬁéte/emp vield models for main rice and maize crops.
| 'The hiatoric Indices have been summarized in computerized tables and time~
series plots for each station in Indonesia (see Chapter V for ex'anipie‘aé). The
1ndex is 1isted for each yeer and assessment period (GMI: 'Iable 5.3 and FMgure
"5 1 ‘YMI: Tables 5.4-5.7 plus Pigures 5.2 and 5.3). Indices are expressed in
raw numer'ical form as well as percent normal and percentile rank. Percentile
‘r-anks range from zero to 100. Fach table can be used as a worksheet to eanmpute
real-time index values for the current year (1982, 1983, etec.): Current year
index values can also be placed on the t:ime-;Set'i'e‘s plots for aralysis. The
‘tables and graphs permit the assessor to easily make cdnpar'isons with previous
1ndex years.

Fach index has also been sumar'ized 1n tabled which pt'ovide index valies for
each location but fopr a specif‘ic year'. 'J‘his 18 useful 1n pei'f‘orming a spat:ial
analvsis.

. Soil moisture tables pt'ovide mohthly moidt:ure estimates I'ot' eéch layer' in
t:he soil (see Table 5. R)o ‘ e
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‘ Secoridaﬁv models

| 'I‘he climatic diagr'am and the Palmer Drought Index «(PDI) are very important .

' secondar-y assessment tools. . 'The climatic diagram can be detennined fran‘ the

iy W

on a camputer.

'I‘he climatic diagr'am ca.n be pr'esented 1n either' table or- gr'aphic f‘omat T

is very useful as ‘a. bool t:o analvze conditions dur'ing the pr'ogr'ess of‘ the cr'op | “
season. i o | o o | |

The extension service and other user's. ma,v be 'mterested in r'eceivihg t:his
information as a regular assessment product. Varlables would include _vm'onthlyv |
rainfall, normal Potential Fvapotranspiration (PET), Actual Evapotr'anspir'ation -
(AET), Soil Moisture (SM) and runoff. Rainfall or soil moisture normals ’cou].d B
alsobeadded. R o : R ‘

It is also possigle to define normal PRT values f‘sb 10 day pe‘r"isdis: \’v‘ithinv ,
each month; These can be used with real-time, decadal rainf‘all to pr'ovide the '
climatic diagram assessment every 10 days. Dally assessments can also be devel-
oped. TFor example, NOAA/AISC converts monthly rainfall normals 1nto daily nor-
mals. This same process could be used with PFT. | . |
F. Display of Data |

In addition to the tables and gr'aphs discussed above for' the 1ndex models -
and climatic dlagram, there are ot:her' usef‘ul ways to displa,v the data f‘or' ‘
enhanced analysis. For example, it 1s useful to prepare station location maps
and to spatially analyze rainfall data and Index values. Rainfall data can he
plotted as a percent of normal for individual months or the growlngz season.
Cumulative rainf‘all during the gpowing season can be displa,ved on a r.r,r'aph which

+:

also shows the nonnal cumulative r'ainfall. :
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F. Step's" t‘op Preparing Assessments

lon of an assessment.

Obtain monthlv"rainfall data fbr?the “assessment; stations and conduct

Vqllality contm Per'form a spatial L‘analysis. : T T
Enter' the r'ainfall data into the tables f‘or' the:GMI : YMI and Soil

O Moisture. | ' o

3) (‘alculate .the raw: values for' the GMI and YMI f.‘or' the assessment per'iod
as appr'opr'iate. o '

ll) Calculate soil moisture, AFT etc.

5) _Use the histor'ic index tables to calc'ulate per'cent of normal (YMI & GMI)
'fll'and interpolate the percentile rank from the tables.

6) - Plot the GMI and YMI percentile rank on the historic timehser-ies plots.

“7) Determine climatic diagrams for' the current year.

" 8) Prepare maps which. indicate the spatial var'iability of‘ rainfall (per'cent

- .A normal) and :Lndexes (per'centile rank) . _

9) Pr'epar'e the assessment using the above r'esults and in the r'ecamnended

v ;‘ f‘or'mat as outlined above, and o
, 110)' ‘IObtain approval for the assessment and distr'ibute to usevs in the

B Ministr'y of Agr-icultur'e and otheps, as appr'opr'iate. ‘ .
| G Comnents on Inter'pr'etation of' Assessments by User's .
'Ihe assessment should be viewed as an additional source of infomation that
is available for making decisions on dmught early warning, crop condition anal-
yses and extension services. The assessment o only provides in_i‘omatio_n in
potential or actual climatic impact. It does not consider the many other fac-
tors, for example, which could cause crop yield variabilitv. These may include
'changes in planted area, fertilizer and pesticide applications, varieties and
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| other' management decisions, cmp losses due to pests ar'e not assessed.= The
assessment 18 most r'eliable for' potential dr'ought impact not flooding damage or'
other' extreme weather' events. |
Dr'ought impact can be reliably assessed by about 30 da,vs before the cmp
: har'vest. This may represent as rmuch as 3—6 months 1ead—t1me before econqpic;.
gt - R e
H. Comments on Test and Evaluation
It is proposed that the assessment models be tested and evaluated dur'ing thelw
1983/RY4 growing season. Test assessments would he prepared at the end of Mav,
June, July, August, September and October. These would be pr'ovided to user‘s.Af"-
The purpose of this test period is to evaluate the models, leam ‘how to .
interpret them, galn experience in preparing the assessment and to es_tablish »a
dialogue with users. :'Ihe‘ users needs must be. detehni’nedajnd'thei_nieqnnents ar'e v

very necessary.



CHAPTER VII
SUMMARY AND RECOMMFNDATIONS
‘™i1s program focused on rainfed agriculture in Tndonesia because of 1ts
dmu};ht vulnerability. The climatic impact assessment models developed du’r*ing
this program should be tested and evaluated before operational assessments are
pfq\}i(ied to users. Test assessments based on real-time reteorological data can
‘b‘e_ pfov’ided to interested users in sovernment. Assessments can be evaluated and
f ver'it‘ied ‘according to user comments and reliable field reports. The usefulness
of‘ the agroclimatic indices and models can be determined. Tt is also desirable
: thatsimilar' ‘madels ‘be developed for other regions. This can lead to a national
" c11.matic impact ‘assessment program,
'T‘he ’rv‘\a',jor' goal of this asSeséfnen‘t ‘program 1is to help decision makers and
éé@h&nists mitigate potential ‘climatic Impact on ‘crops and the national econamy
by ‘pr'oviding reliable, timely, yet inexpensive information on potential elimatic
: impact. "™e assessments obtained from the models ‘ean be made 30 days 1in advancée
_ ‘before harvesting of crops. "his can represent a 3-f month lead-time before
ha{_:ional and reglonal economle impacts oceur. "™is should certainly help users
either 1n the governmental agencies or the public make economic decisions
ranging from drought mitigation to land use planning.

N ﬂné advantage of these agroclimatic indices and models 1s that they are
simple. ™e asgessments and models are murposely designed for mamal operation.
However, 1t 1s desirable to have computer facilities for faster and more
accurate processing. In addition, more information concerning the phenologlical

~stages of the main crops at the provincial level should be obtalned and analyzed
'»'«c'csg‘éther, with ‘the avallable climatological infotwation. Finally, knowledge of
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local pr'actices constitute an important requirement for the modeling as. well as -
for the testing of‘ the model. -

The Meteor'ological Depar'tment has agr'eed to be the NOAZ/UMC -focal point in
Indonesia for this technology transfer pr'ogr'am and also to pr'ovide climatic
impact assessment_s to appropriate agr'icultur'al and economic agenci.es. Thus, a
staff or working group in this program should be set up. Cooperation with all
other govemment agencies that deal with agriculture, land nse and econdnics.,
will help make the program worthwhile. Meetings between the stai‘f‘ and‘ other
governmental offlicers 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. Fxchange of knowledge and real-time data on meteomlogical'ﬁ; .
elements or agricultural information, soil condition, phenological data, yield ;:.
etc., should be encouraged. Local knowledge is also important. Tt can be pr'o—%‘f
vided either from other povernment agencies or through fleld surveys. '[he
models and assessments will be of higher efficiency and more accurate 'if?, both
the meteorological and agr'icuvltur'al‘. experiment statlons are linked to;;ethet',
i.e., the agricultural stations should have weather instruments instalied within‘f'
the area so meteorological elements there can be observed. As a résult, the
models obtained will he well represented in that region and greater eff'icienCy ‘
in assessments can he provided,

The models developed will be tested and evaluated in 1983. Thus, the f‘ir'st
trial assessments will he made and their usefulness can be estimated. Some .
ad justments will probably be made to improve the models in various areas.

It is hoped that this technology transfer to Indonesia will help the p;over'n—
ment mitigate potential drought impact on the reglon as well as the countr'v.
Farly warning and preparedness f‘or' severe weather- Impacts on both a;;riculfure

and the economy can be mde._‘
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