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FORWARD

This report by Aida M. Jose, Science Research Supervisor II, Philippine
Atmospheric, Geophysical and Astronomical Services Administration
(PAGASA), describes agroclimetic assessment models developed for rainfed agri-
culture in the Philippines. These mcdels can be used Lo Implement a reliable,
timely, yet inexpensive weather-based information system in the Philippine:,
Weather analysis and climatic impact assessments can help decision makers
including managers, agronomists, economists, statisticians, agrometeorologlsts,
and extenslon officials interpret and anticipate weather impacts on the agri-
cultural sector. Specifically, the system will contiruously monitor and assess
the Impact of weuther (drought, flooding, typhoons, high winds, heat stress,
etc.) on agriculture. Farly warning of potential crop fallure due to drought
can be provided 30-60 days before crop harvest. 'This may represent a 3-6 month
lead-time to develop strategies for Improving food security. Agroclimatic/crop
condition assessments can be provided during the crop growing season. These
represent additional tools to complement and supplement other information
sources used by statisticlans to forecast crop production. Soil misture esti-
mates can be provided to the extension service. These agroclimatic models also
offer potentlal long-term economic benefits related to agricultural planning and
rural development, e.g., minimizing climate risk in land and water resource

management.

The Bicol and Visayas (Rast, Central and West) Reglons were chosen for this
pllot study because weather and climate are major factors that help determine
potentlal crop productivity and year-to-year variations in agricultural produc-
tlon levels. Also, this proposed weather assessment system complements ongoing
or pianned developmental projects involving rainfed agriculture and secondary
food crops. The proposed agroclimatic assessment system 1s ready to be tested
and evaluated. After successful testlng, the system can be expanded to include
other reglons in the Philippines.

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

Dr. Wayne L. Decker, Dr. Andres C. Ravelo, Dr. Atanas V. Todorov, Ken Wherry,
Judy Trujillo, Betty Whitmarsh and Jerry Wright of the University of Missouri -
Columbia; Dr. Clarence M. Sakamoto, Rita Terry and Susan Conrad,
NOAA/NESDIS/AISC-Models Rranch, Columbia Missouri; and Alan Hankins,
AID/ASTA/"R, Ron Pollock, US/AID Misslon Manila (now located in India) and Paul
Krumpe, AID/OFDA.

We were privileged to work with Ms. Aida M. Jose. She dedicated herself to
many extra hours of work in developing this study. Asslstance from officials in
the Philippine Goverrment is also appreciated, in particular, Dr. Roman L.
Kintanar, DG/PAGASA, and Ruben Acuna, Agrometeorologlst, PAGASA; and David Resa,
BAECON, Ministry of Agriculture.
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A
CHAFTER I
INTRODUCTIO:!

Agriculture 1s considered to be the economic lifeblood of the Prilippines.
About 50 percent of the working population is engaged 1n agriculture and 70
percent of the forelgn exchange earnings result from export of agricultural
products. Agriculture in the Philippines is most vulnerable to climate
abnormalities such as occurrences of troplcal cyclones, torrential rains causing
floods, variability in the onset and termination of rainy seasons, drought and
other severe weather hazards.‘ Eighty-five percent of rice and corn production
losses in the Bicol and Visayas Reglons during the past 12 years (1968-1979) are
attributed to tropical cyclones, floods and droughts. This does not include the
losses due to weather-related incidences of pests and diseases. During the
severe 1973 drought in the Visayas, total rice crop damage was estimated at
about 61 million pesos. In the following year, 1974, flood damages to rice crop
production amounted to about 56 million pesos. It 1s not uncommon for drought,
floods, and tropical cyclone prone areas in the Philippines to experience yearly
losses due to such hazards. It should be recognlzed, therefore, that economic
securlty and even socio-political stabllity are subject to the effects of
climatic variability.

Although many sectors of human activities are vulnerable to climatic
variabllity, there is much that can be done to minimize the risk of climatic
Impact. If climatic factors are understood by national planners, this resource
can be use to improve food security programs and can provide inexpensive input
to short and long-term economic plans.

Short-term economic decisions at the national level can benefit by climatic
information to avert or mitigate climatic Impact. For example, real-time

climatic data can be used as one input to forecast agricultural production.



Early warning of potential production shortfalls due to drought can be made a
month or two prior to harvest. National level decision makers involved with
economic planning, finance, marketing and travel can then develop alternative
strategies and contingency plans to mitigate the potential climatic impact.

Short-term management decisions made by farmers can benefit from climate
Information. For example, weather advisories can provide farmers with re-
commended planting dates, irrigation scheduling, fertilizer and pesticilde
application and other field operations. Scarce and inexpensive resources can
be more efficilently used according to current and expected climatic conditions.

Long~term economic plans to increase national food security through
agricultural development can be improved with climatic information.

Agroclimatic studies contribute to agricultural zoning, crop selection, optimum
planting and harvest dates and other field operators that lead to increased
productivity. Climatic risk can be assessed leading to alternative land manage—
ment strategles which reduce climatic vulnerability. Such land utilization
studies are of direct benefit to the farmer.

The main objective of this study 1s to provide a groundwork for developing a
national program on agroclimatic assessments for policy decision making,
economlc planning and agricultural development in the Philippines. This study
represents a "pilot project" focused on the Bicol and Visayas Regions to
demonstrate the value of agroclimatic assessments and begin the proceés for a
national program.

This report documents p:.eliminary agroclimatic models and climatic Impact
assessment methods which after testing and evaluation can be used by managers to
mitigate potential climate impact and reduce climatic vulnerability. Historic
climatlc data were used to develop three types of agroclimatic models for the

Bicol and Visayas Reglons of the Philippines. Tese include: 1) Drought/early



warning indices and agroclimatic/crop condit’ »n indices to provlice relative crop
yleld information to support the crop production forecast problem, 2) statistical/
crop yleld models, and 3) procedures for estimating potential evapotranspiration
and soil moisture. These assessment models are hased on relationships which
reflect the biological (or agronomic) response of the crop to moisture and temp-
erature anomalies during the growing season, particularly during the critical
flowering/reproductive crop stages.

Chapter II of this report provides agroclimatic background on the Bicol and
Visayas Reglons, describing the physical envirorment and agricultural practices.
Chapter III presents the appropriate data bases and agroclimatic methods of anal-
ysis used In developing climate/crop index models and their applications in the
formation of assessment procedures. Analytic results pertaining to potential
evapotranspliration, soil molsture indices and climatic dlagrams are discussed in
Chapter IV, Results of climatic Impact assessment modellng, including
agroclimatic/crop conditions for rice and malze, statistical climate/crop yield
forecast models for rice and soil moisture assessment procedures, are presented
in Chapter V. ™is chapter also discusses the analytic steps in model develop-
ment. Assessment procedures are described in Chapter VI. Recormmendations for
program Implementation and future work in the Philippines are presented in
Chapter VII; the different phases of Implementation, the organizational flow,

and the requirements and strategles of the proposed program are discussed.



CHAPTFR II

AGROCLIMATIC RACKGROUND IN THE BICOL
AND VISAYAS REGIONS

A. Physical Fnvirorment
1. Administrative Regions

The Philippines are divided into 12 administrative regions. Bicol and the
three Visayas Regions (Fastern, Central and Western Visayas) are situated in the
central part of the country (see Figure 2.1). Each region is camposed of
several provinces (Figure 2.2).

2. Geography and Mopography

The Bicol Region includes three major islands; Luzon, Catanduanes and
Masbate (Figure 2.”). It has a total land area of 17,592 square kilameters,
extending from 11°50'N to 14°50'N and 172°15'F to 124°20'E. Mountain ranges,
uplands and lowlands are found in this region (Figure 2.3).

The largest agricultural area is in the basin formed by the Bicol River and
its main tributaries, the Sipocot and Libmanan Rivers. The basin contains
312,000 hectares and includes a broad plain bounded by volcanoes in the north
and east and low sedimentary hills in the southwest. Forty-one percent of the
basin consists of plains with a slope of less than 8°, 30 percent steep terraln
with slopes exceeding 30°, 27 percent hilly areas with slopes of 8° ~ 30°, and 2
percent lakes and rivers. About 10 percent of the plains area is subjected to
severe seasonal flooding and 35 percent slight to moderate seasonal flooding.
The basin frequently experiences earthquakes of tectonic origin.

The Fastern Visayas Region contains two main islands, Samar and Leyte. It
has a total land area of 20,560 square km, extending from 9°50'N to 12°U40'N and
124°00'E to 125°50'E. Mountain ranges lie 1n a north-south direction on Leyte
Island, with plains and lowlands in the northeast. Uplands and plateaus occupy

most of Samar Island.
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The Central Visayas Region is camprised of two main islands, Cebu ard Rohol.
It has a total land area of 15,950 square km, extending from 9°05'N te 11°15'N
and 122°25'F to 124°35'E, Mointain ranges oriented in a north-south direction
are found in the western part, and in most of the Negros Oriental. The mountain
ranges of Cebu Island run almost in a north-south direction and follow the con-
tour of the island. There are also mountain ranges on the southern part of
Bohol. The remainin, regions are plains and uplands.

The Western Visayas Region is also comprised of two main islands, Panay and
Western Negros. The total land area is about 20,223 square km, extending from
9°N to 12'N and 121°50'F to 123°30'E. Mountain ranges orlented in a north-south
direction are found in the western part of Panay Island and also in the eastern
part of the Negros Occidental. The remainder of the region contains plains and
uplands.

3. Climate
Main Climatic Features

Rainfall in the Bicol Region 1s abundant as shown by the monthly and annual
values 1n Table 2.1 for the U4 stationgs representing the area. It is the second
wettest reglon In the Philipplnes. Rainfall is greatest in October, November
and December (Figure 2.4) and tre least in April. Masbate has the lowest anmal
average rainfall, 1,886 mm. The Bicol Reglon is affected by both the northeast
and southwest monsoons.

Of the three Visayas regions, Fastern Visayas has the most abundant mean
annual rainfall (Figure 2.5), more than double that of Central Visayas (Figure
2.5) and one-third greater than that of Western Visayas (Figure 2.4). The small
amount. of rainfall in Central Visayas during both the northeast and southwest
monsoons 1s attributed to its leeward location. ™here Is no pronounced rainy
perlod in the 3 stations of Central Visayas; nelther nf them has a monthly rain-

fall in excess of 200 mm. Rainfall in Western Visayas 1s primarily influenced



Table 2.1

Mean Monthly and Afnual Rainfall (mm) in Bicol and Visayas Regions (1951-80)

Region/Stations Jan Feb Mar "Apr May Jun Jul Aug Sep Oct Hov Dec Annual
V. Bicol
1. Daet 343 19¢& 163 131 148 178 216 246 255 502 607 628 3610
2. Legaspi 324 201 205 168 198 215 246 276 242 311 494 539 3421
3. Virac 223 133 120 123 196 234 218 186 239 400 479 436 2988
4, Masbate 184 83 68 54 107 144 170 186 206 216 221 248 1886
VI. Western Visayas
1. Iloilo 46 24 29 45 122 258 302 341 262 252 17 101 1956
2. Roxas 109 53 70 54 140 259 259 237 238 332 244 188 2182
VII. Central Visayas
1. Cebu 123 87 89 72 88 119 151 189 190 171 180 166 1625
2. Tagbilaran 111 88 81 66 82 143 124 110 128 177 196 113 1420
3. Dumaguete 81 70 60 39 77 133 144 112 130 169 170 118 1303
VIII. Eastern Visayas
1. Catarman 414 247 212 158 143 187 198 159 202 369 507 509 3304
2. Borongan 601 419 315 270 326 223 220 216 193 297 587 691 4358
3. Tacloban 230 247 206 187 148 135 138 153 153 161 201 228 218¢
4, Catalogan 261 191 209 160 166 140 182 261 234 264 277 295 2640
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by the southwest monsoon, hence the main rainy season is from June to October.

The average annual temperature of the 4 Bicol stations is 27.2°C (Table 2.2).
The coldest month is January with an average of 25.6° and the warmest is June
with 28.4°C, therefore the temperature range is quite small.

Like the Blcol Region, seasonal variations‘in temperatw are quite small in
the Visayas regions. In Fastern Visayas, the average temperature range from
coldest (February) to warmest (August) is only 2.1°C from 25.8°C to 27.9°C. In
Central Visayas the range is even smaller, 1.9°C. In Western Visayas the
maximum average temperature is 28.8°C (May) and the minimum 26.1°C (Jarnuary) .

The relative humidity in Bicol Regicn 1s high and more or less homogeneous
with an annual average of 82 percent. It varies between 80 and 84 percent and
usually follows the monthly rainfall pattern (Table 2.3). Fastern Visayas with
the largest amount of rainfall, 1s also the most humid region with an average
annual relative humidity of 83 percent. The Central Visayas Region has a mean
annual relative humidity of 80 percent, varylng from 77 percent in April to
82 percent in October - December. The Western Visayas Region has a slightly
lower mean annual relative humidity, or 78 percent; varilation is from 74 percent
in April to 82 percent in July - December.

Sunshine data are not avallable. However sunshine has an inverse relation-
ship to cloudiness. Table 2.4 shows that during most of the months in Bicol
Region the cloudiness is seven-tenths. Sunshine duration is therefore quite
low during most of the year.

Factors Controlling Climate

The climate of the Bicol and Visayas Regions, like that of the Philippines,
1s controlled by several major factors: semi-pernanent lows and anticyclones,
prevailing air streams, tropical cyclones, the inter-tropical convergence zone,

easterly waves, ocean currents, geographical setting and topography.



Table 2.2 : Mean Menthly and Annual Temperature (©C) in Bicol and Visayas Regions

Regions/Stations Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
V. Bicol
1. Daet 25.2 25.5 26.2 27.3 28.3 28.4 28.0 27.%8 27.7 27.1 26,7 25.9 27.0
2, Legaspi 25.3 25.6 26.1 27.1 27.9 28.0 27.6 27 .5 27 .4 27.0 26.5 25.8 26.8
3. Virac 25.7 25.9 26.4 27.2 27.8 28.1 27.9 "28.0 27.8 27.2 27.0 26.3 27.1
4. Masbate 26.3 26.4 27.4 28.6 29.3 29.1 28.6 28.4 28.4 28.1 27.6 26.8 27.9
VI.. Western Visayas
1, Iloilo 25.7 25.9 26.9 .28.1 28.5 27.8 27.2 27.1 27.2 27.2 2.9 26.3 27.1
2. Roxas 26.4 26.5 27.2 28.5 29.0 28.5 28.1 28.1 28.1 27.8 27.6 26.9 27.7
VII. Central Visayas
1. Cebu 26.7 26.7 6.8 27.5 27.9 28.0 28.0 27.8 27.5 27.6 27.4 27.0 27.4
2. Tagbilaran 25.8 25.9 26.5 27.5 28.2 28.0 27.8 28.0 28.0 27.5 27.1 26.7 27.2
3. Dumaguete 26.7 26.7 27.5 28.5 28.8 28.2 27.9 280 28.0 27.8 27.7 27.2 27.8
VIII. Eastern Visayas
1. Catarman 25.1 25,2 25.7 26.5 27.4 27.5 27.4 27.6 27.4 26.8 26.2 25.7 26.5
2. Borongan- 25.6 25.7 26.3 27.1  27.7 27.7 27.6 27.8 27.8 27.2 26.7 26.2 27.0
3. Tacloban 26.4 26.2 26.2 26.6 27.1 27.5 27.8 27.9 27.9 27.9 27.5 27.0 27.2
4. Catbalogan 26.5 26.3 26.4 26.9 27.6 28.1 28.3 28.3 28.1 27.9 27.6 26.9 27.4

€1



Table 2.3 Mean Monthly and Annual Relative Humidity (%) in Bicol and Visayas Regions

Regions/Stations

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Annual
V. Bicol
1. Daet 83 81 80 80 80 80 82 82 84 85 84 85 82
2. Legaspi 84 82 82 82 81 82 83 84 85 84 85 85 83
3. Virac 80 79 78 78 79 80 81 81 82 83 82 82 80
4, Masbate 83 82 80 78 78 80 82 82 83 83 84 85 82
VI. Western Visayas
1. Iloilo 82 80 76 74 77 82 84 85 84 84 84 84 81
2. Roxas 79 78 77 74 76 79 80 80 80 80 80 80 76
VII. Central Visayas
1. Cebu 79 78 77 75 75 - 76 77 79 81 81 81 81 78
2. Tagbilaran 83 82 80 77 79 81 81 80 81 83 84 84 81
3. Dumaguete 80 79 78 78 79 80 81 81 82 83 82 82 80
VIII. Eastern Visayas
1. Catarman 86 85 84 83 83 84 83 82 83 86 87 88 84
2, Borongan 85 85 83 83 83 83 82 81 82 84 85 86 84
3. Tacloban 84 84 82 82 80 80 81 80 80 80 82 83 82
4. Catbalogan 82 82 81 80 78 78 79 80 80 81 82 83 81

91



Table 2.4 Mean Monthly and Annual Cloudiness (in teaths)’ in Bicol and Visayas Regions

Regions/Stations Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
V. Bicol
1. Daet 7 6 5 4 5 6 7 7 7 7 7 7 6
2. Legaspi 7 7 6 6 6 7 8 8 8 7 7 8 7
3. Virac 7 7 6 5 6 7 7 7 7 7 7 7 7
4 . Masbate 7 6 6 5 6 7 8 8 8 7 7 7 7

VI. Western Visayas

1. Iloilo 6 6 5 5 6 8 8 8 8 7 7 6 7

2. Roxas 6 6 5 4 5 7 7 7 7 7 6 7 6
VII. Central Visayas

1. Cebu 7 7 6 7 7 7 7 8 8 8 7 8 7

2. Tagbilaran 7 7 6 5 7 8 8 8 8 8 7 7 7

3. Dumaguete 7 6 6 5 7 7 7 7 7 7 7 7
VIII. Eastern Visayas i

1. Catarman 6 6 5 4 4 6 6 7 7 6 6 6 5

2. Borongan 7 7 7 7 6 7 7 8 7 7 8 8 7

3. Tacloban 7 7 6 6 6 6 6 7 7 7 7 6 7

4. Catbalogan 6 6 6 6 5 6 6 7 7 7 7 7 6

ST
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During the winter and summer months semi-permanent cyclonic and anticyclonic
pressure systems located south and north of the Philippines produce air streams
and ocean currents which affect the climate of the Philippines. The three mos%
important alr streams affecting the area are: the northeast monsoon which pre-
vaills from October to March, the southwest monsoon from late May to early
October, and the north Pacific trades generally dominant during April and early
May.

Tropical cyclones contribute about 50 percent of the Philippine rainfall. A
review of troplcal cyclones from 1948 to 1977 shows the average annual frequency
of 19.3 for tropical cyclones passing over the Philippines area of respons-
ibility (Table 2.5). The number of occurrences is highly variable, ranging from 12
(1973) to 30 (1964). The tropical cyclone season is from June to Decemher with
a maximum in July, August and September; 45 percent occur in September, October
and November (Table 2.6). According to the frequency of passage of the tropi-
cal cyclones, the Philippines have been divided into 12 zones (Flgure 2.4).

The frequency of passage av the different zones 1s shown in Table 2.7. Eastern
Visayas appears.to be most vulnerable; about 10-15 percent of all the tropical
cyclones that cross the Philippine land area pass through this region. The
other three rezions are affected by 5-10 percent of all cyclones.

The climate of the Bicol and Visayas Reglons are also influenced by the
Intertropical Convergence Zone (ITCZ) and easterly waves. The ITC7 affects the
area mainly during May, June and October. It is usually characterized by
wldespread cloudiness, precipitation and moderate to strong, winds.

Climate Zoning

Several systems of climatic zoning have been adopted in the Philippines.
The two most commonly used are the Coronas Classification and a modification to
the Thornthwalte Classification by Mohr and Schmidt known also as zoning by the

ratio of dry to wet months.



Table 2.5 Frequency of Tropical Cyclones in the Philippine: area of

Responsibility From 1948 - 1977 (30 years)

Total
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (Annual)
1948 1 0 0 0 1 0 3 1 3 2 6 3 20
1949 1 0 0 0 0 2 5 2 4 3 3 2 22
1950 0 0 0 0 0 2 2 1 3 2 2 1 13
1951 0 0 0 1 0 1 1 4 2 1l 1 2 13
1952 0 0 0 0 0 5 2 3 4 4 4 4 26
1953 1 " 0 0 1 2 0 5 2 2 3 2 19
1954 0 4] <1 0 1 0 1 6 2 3 3 1 18
1955 1 1 0 1 0 0 2 3 1 4 1 1 15
1956 0 0 1 2 0 0 4 4 5 1 5 3 25
1957 2 0 0 1 0 2 1 2 3 3 1 0 15
1958 1 0 0 0 0 1 4 2 4 2 3 0 17
1959 0 1 1 0 0 0 1 4 2 4 3 2 18
1960 1 0 0 1 1 2 2 6 1 3 0 2 19
1961 1 1 1 0 1 3 4 4 4 1 1 2 23
1962 0 1 0 0 2 0 4 6 4 1 3 0 21
1963 0 0 0 0 1 3 4 2 3 1 0 2 16
1964 0 0 0 0 2 1 9 5 5 3 3 2 30
1965 2 1 1 0 2 2 6 2 3 1 1 0 21
1966 0 0 0 1 3 1 7 1 3 2 2 2 22
1967 0 1 1 1 1 2 4 5 0 2 3 1 21
1968 0 1 0 0 0 2 2 3 3 1 3 0 15
1969 0 0 0 1 1 0 4 2 4 1l 2 0 15
1970 0 1 0 0 0 3 2 4 4 4 2 1 21
1971 1 0 1 3 3 2 5 2 3 5 2 0 27
1972 2 0 0 0 0 2 4 2 4 1 1 1 17
1973 0 0 0 0 0 1 2 3 2 3 1 0 - 12
1974 1 0 0 0 0 3 4 4 2 5 2 2 23
1975 1 0 0 0 0 0 1 3 3 3 2 1 14
1976 1 1 0 1 1 3 3 3 4 0 2 3 22
1977 1 0 0 0 1 1 4 2 4 2 2 2 19
Total 18 10 7 13 22 46 97 96 91 70 67 42 579
Z Total 3.1 1.7 1.2 2.2 3.8 7.9 16.7 16.8 15.7 12,1 11.6 7.2 100%
Rank 9 11 12 10 8 6 1 2 3 4 5 7
Average 0.6 0.33 0.23 0.43 -0.73 1.53 3.23 3.2 3.1 2,33 2.2 , 1.4 19.3
Mode 2 2 2 4 1 253 2 15
Median 2 3 3 3 2 2 1 19

L1



Tahle 2.6 Frequency of Tropical Cyclones Crossing the Philippines
From 1948 - 1977 (30 years)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1948 2 1 2 2 4 2 13
1949 1 1 2 2 3 2 11
1950 1 1 1 1 1 5
1951 1 1 1 3 1 1 8
1952 2 2 1 2 3 2 3 15
1953 2 3 1 2 2 10
1954 1 1 1 1 3 1 8
1955 1 2 1 1 5
1956 2 2 1 1 1 3 2 12
1957 1 2 1 3 1 1 9
1958 1 1 2 4
1959 1 1 2 2 6
1960 1 1 1 1 2 2 8
1961 1 1 2 1 1 6
1962 1 1 2 1 2 7
1963 2 1 1 1 1 6
1964 1 1 1 4 3 2 2 14
1965 1 1 2 2 1 7
1966 2 6 1 1 2 2 14
1967 1 1 1 2 1 2 8
1968 1 2 1 3 7
1969 2 1 1 4
1970 1 1 1 2 3 3 11
1971 . 1 3 2 4 1 1 4 16
1972 2 1 1 1 1 1 1 8
1973 1 1 3 1 0 6
1974 1 1 1 1 4 3 2 13
1975 1 1 2 1 1 6
1976 1 1 1 2 5
1977 2 3 1 6
Total 6 0 3 5 11 20 33 29 40 39 47 25 258
Z of 258 2.3 0 1.2 1.9 4.3 7.8 12.8 11.2 15.5 15.1 19.2 9.7 100

81
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FIGURE 2.6 Tropical Cyclone Vulnerability by Reporting Zone in the Philippines
Showing the Percent of all Tropical Cyclones Passing Through Each
Zone.
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The updated Coronas Classification system is based solely on rainfall
characteristics because rainfall variation in the Philippines is largely due to
the combined influence of topography and prevailing air streams with small tem-
perature differences. The average monthly amounts of rainfall were used in
dividing the area into four types (Figures 2.4, 2.5, 2.7a,b and 2.R).

Type I has two pronounced rainy seasons: one dry from November to April,
the other wet during the rest of the year. The dry season lasts from 3 to 7
months. This type of climate 1s found in the western and southern parts of
Panay Island and Negros Island of Western Visayas Region. Type IT has no dry
season, with a very pronounced rainy period from November to January. There 1is
not a single dry month 1n the area of this type. The lowest monthly rainfall
occurs at some locations in the spring and at other locations in the surmer.
Thls climate 1is experienced in the eastern and northern parts of Camarines
Norte, Catanduanes, Sorsogon and the eastern parts of Camarines Sur and Albay.

Type IIT or Intermediate A Type 1s relatively dry from January to April and

relatively wet during the rest of the year. There is no pronounced ralny
perlod, with a short dry season lasting only from one to three months. This
type 1s intermedlate between the preceding two, although it resembles the first
type more closely since it has a short dry season. ™is climatic type 1is
experienced in Panay Island, Eastern Negros Island including Siguijor Island and

Central and Southern Cebu Island. Type IV or Intermediate B Type has more or

less evenly distributed rainfall. This is also an intermediate type between the
first and the second, but it resembles the second more closely since it has no
dry season. The lowest rainfall occurs in spring although in some places 1t
takes place 1n January. Areas of this type of climate are located in small por-

tions of Western Samar, Western Leyte, Northern Cebu arxi Rohnl Islands.
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FIGURE 2.7a Station Rainfall Analysis in the Bicol and Visayas Regions.
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FIGURE 2.7b Mean Annual Rainfall Patterns (mm) in the Bicol and Visayas Regions.
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Rainfail Regimes
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1ST TYPE: Two pronounced seaasons; dry from November to April;
wet during the rest of cthe year.

28D TYPE: No dry season with very pronounced rainfall from
November to January,

3RD TYPE: Seasons not very pronounced; relatively dry from
January to April and wet during the rest of the year.

4TH TYPE: Rainfall more or less evenly distributed throughout the
vear.
FIGURE 2.8 Rainfall Regimes in the Bicol and Visayas Regions According to
the Updated Coronas Classification.
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In contrast, zoning by the Mohr and Schmidt ratio method using dry months to
wet months 1s an outgrowth of the work by Thornthwaite. A dry month 1s def'ined
as one having less than 60 mm of rainfall while a wet month has more than 100 mm.
To determine the type of climate, the ratio or quotient of the total number of
dry months was computed. The border line between the various types lies at,

Q = 1.5a/(12 - 1.5a), where "a" is the number of dry months. Te types of
climates under this sytem with the corresponding Q-range values are:

TYPE Q-RANGF.
A 0 to less than 0.14

0.14 to less than 0.33

0.33 to less than 0.60

0.60 to less than 1.00

1.00 to less than 1.67

1.67 to less than 3.00

3.00 to less than 7.00

Q@ °9 m 9 o

7.00 or more.

The mean monthly and annual amounts of rainfall in the Ricol and Visayas
Regions hased on 30-year observations (1951-1980) are shown in Flgures 2.4, 2.5
and 2.7a,b, respectively. The amounts are influenced by the geographical setting,
topography and exposure to the prevailing air stream. It is evident from these
figures that annual rainfall amounts of more than 3,000 mm are experienced over
the eastern section of Bilcol Region and Samar Island and over western Panay
Island. "™e maximum values exceed 4,000 mm. The eastern coastal areas recelive
more rainfall not only from the northeast monsoon but also from tropical
cyclones and the associated intensification of the southwest monsoon reaching

the area. Stations having annual amounts of less than 2,000 m are primarily
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located in valleys or plains or in places shielded from the dominant air streams
by mountalns or land masses, e.g., in Masbate or in the Central Visayas Region.

A closer examination of Figure 2.4 and 2.7a,b indicates the relationship
between annual rainfall distribution and climatic zones in the Coronas Class-
1fication scheme.

B. Agriculture in the Bicol and Visayas Reglons

Agriculture 1s the daminant sector of the Philippine econamy. About 56 per-
cent of the worklng population is engaged in agriculture and 70 percent of the
forelgn exchange earnings come from the export of agricultural products.

As of 1981, the land area of® the Philippines utilized for agriculture was
estimated at 12 million hectares. However, allowance must be made for areas
reported twice because of more than one cropping a year. In 1981, 3,459,130
hectares were planted to rice (28% of the agricultural area); 3,238,690 hectares
to corn (27%); 3,162,250 hectares to coconut (26%); 420,630 hectares to sugar-
cane (3.5%); and 230,140 hectares to abaca (2%). The rest was planted to
other food and commercial crops (Table 2.8).

In the four reglons under study, about 50 percent of the total land area 1is
cultivated. Solls in plains and valleys are fertile due to the alluvial depos~
its of rivers and streams. Lowland solls are sometimes enriched by volecanic
materlal, e.g., in the Bicol Plains and Negros Island.

Flgure 2.9 gives a general view of land utilization and a possible indica-
tion of the characteristics of solls in the different parts of the Bicol and
Visayas Reglons.

1. Food and commercial crops

Rice and malze are the main subsistence crops, followed by rootcrops such as

sweet potato, cassava, and gabl. Fruits and vegetables, dry beans and peas, and

peanuts also contribute to the Filipino diet.



Table 2.8 Crops Grown in the Philippines (1981) and Per
Land Area Utilized (Crop Area

cl—.
in

entage of Total Agricultural
ectares)

FOOD CROPS

COMMERCIAL CROPS

Name Land Area yA Name Land Area Z
1. Rice 3,459,136 28 1. Coconut 3,162,250 26
2. Maize 3,238,690 27 2. Sugarcane 420,630 3.5
3. Fruits and Nuts 491,150 4 3. Abaca 230,140 2
4. Root crops 476,610 4 4, Tobacco 55,180 0.46
5. Vegetables 132,960 1.1 5. Rubber 53,880 0.45
6. Coffee 107,090 0.89 6. Cotton 9,140 0. 76
7. Drybeans and peas 68,600 0.57 7. Maguey 3,280 0.03
8. Peanuts 38,730 0.3 8. Castor bean 830 0.006
9. Citrus 25,150 0.2 9. Kapok 770 0.006
10. Other crops - 1.408 10. Ramie 480 0.004

Lz
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Coconut, sugarcane, abaca and tobacco are the major commercial crops.
Rubber, cotton and meguey are also produced in commercial quantities.

Rice Production

Data from the Bureau of Agricultural Fconomics (BAFcon) show that 42 per—
cent of the more than 3 million hectares devcted to rice are irrigated; the rest
1s rainfed or upland rice. Whether rainfed, irrigated or upland, rice areas are
mostly planted to only one crop each year. In some cases farmers plant another
short season crop as secondary, but their numbers are small compared to the many
who fallow the fields for the rest of the year. Thus the resources, both physi-
cal and socio-economlc, are not utilized to the rmaximum. There is a great
potential for crop diversification. Multiple cropping of both irrigated and
ralnfed areas can Increase food production, improve the mutrition of the people,
raise the living standard of the farmers by increasing their farm income, and
eventually stabilize the economy of the country.

The reasons for the reluctance to maximize the use of available resources
include: 1) commodity price fluctuations due to swings in supply and demand,

2) weather limitations and 3) lack of knowledge on the proper technology for
planting more than one crop a year. Agriculture production is also constrained
by low yields attributed to the use of low ylelding varieties, poor land prep-
aratlon, lnadequate control of weeds, diseases and pests, poor fertilizer
management and lack of irrigation water.

The answer to the need for better agricultural production demanded by popu-
lation pressures lies in proper management of resources, introduction of new
technology and working within the framework allowed by climatic factors. In
response to these needs the Ministry of Agriculture has made some progress in
encouraging farmers to Improve agricultural practices, especiatly in rice pro-

duction. "hrough the International Rice Research Institute located in Laguna
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Province, development and introduction of improved or high-yielding varieties
(HYVs) of rice have been made. Agricultural extension workers advise fammers on
the use of fertilizers and pesticides. Irrigation facilities are being devel-
oped. Table 2.9 summarizes the use of high ylelding varieties and ordinary (or
traditional) varieties of rice for the whole country and for the reglons under
consideration. Self-sufficiency in this grain 1s one of the goals of the
Ministry of Agriculture. However, typhoons and other weather calamities such as
floods and droughts reduce the yield of standing crops.

Maize Production

Maize, like rice, 1s a main part of the diet for a large portion of the popu-
lation. Maize is also used as a fodder crop. It 1s grown as a single crop or
Intercropped with coconut. Part of the crop 1s harvested as green maize for
food. The use of new HYV's is cecoming common. The cultivation of maize
requires evenly distributed but not excessive rainfall; the main production
areas are therefore In Central Visayas and other areas with Type IIT climatic
zones.

Coconut Production

Coconut is grown chiefly for oll, a mjor export of the country. It is
grown in monoculture or intercropped with abaca, malze, banana, fruit trees,
Sugarcane and various annual upland field crops.

Coconut beetle and the cadang-cadang disease affect the trees to a varying
extent in different areas of the country. Generally no fertilizers are applied.
Cultural practices are limited to removal of shrubs or tall grasses once or
twice a year.

Although the Philippines 1is one of the world's major producers of coconut,
the ylelds are low. Typhoons, other weather calamities and diseases also

drastically reduce the yleld.



Table 2.9 Area Harvested of Irrigated and Rainfed Rice by Variety in the
Philippines and the Bicok and Visayas Regions (Crop Year 1979, ha)

IRRIGATED "RAINFED Total
Ordinary LOWLAND. .Rainfed
Varie- . .. and

Location HYV ties (0OV) Total HYV .oV Subtotal Upland Total Irrigated
1. Philippines 1,345,240 162,410 1,507,650 1,225,170 400,180 1,625,350 427,700 2,053,050 3,560,700
2. Bicol 134,500 6,250 140,750 114,400 10,160 124,550 28,290 152,850 293,600
3, Eastern Visayas 53,040 4,290 57,330 64,130 40,220 104,350 14,220 118,570 175,900
4. Central Visayas 21,270 3,440 24,710 35,400 13,510 48,910 2,280 51,190 75,900
5. Western Visayas 115,370 5,180 120,550 299,310 43,570 342,880 17,320 360,200 480,750

1€
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arcane

Sugaircane can be grown in every province of the country, but it does not do
well in a constantly rainy climate or in one with a long dry season without
irrigation. Sugarcane thrives best in a sandy loam soil which is not too
saturated or submerged during the rainy periods. Ideal conditions are found in
Central Luzon and in the voleanic soil area of Western Negros Island.

Imoroved varieties suited for mill processing into granular sugar have been
introduced.

Abaca

This crop is grown entirely for its yleld of coarse fiber, a very good
material for making cordage. It is also a major component for various cottage
industry products. The principal regions for production are in southern Luzon
(including the Bicol Area), Mindanao and the islands of Leyte, Masba*e and Samar.

Most abaca 1s cultivated in monoculture. It is also grown as an intercrop
under coconut trees. Problems in abaca cultivation include the occurrence of
pests and diseases and degraded soil conditions in some areas. Fertilizers and
chemicals for pest and disease control are seldom used. Cultivation usually
includes the removal of shrubs and tall plants once a year,

Tobacco

Tobacco 1is grown throughout the country, but high quality tobacco 1is mostly
grown in certain areas of the Cagayan Valley in Luzon. It is also produced in
substantlal amounts along the northwest coast of Luzon, Pangasinan Province and
in parts of Cebu, Negros and Panay.

Cotton

Cotton 1s still mostly imported. In recent years efforts have been made to
introduce long-fiber varieties and to study the areas with climate that will
support the crop properly. Some areas of the Panay and Negros Islands have been

found suitable, as well as other western coast areas of the Luzon and Mindanao.
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Rubber

While rubber is considered a minor crop in the Philippines, it has an export
potentlal and 1s rated as one of the most profitable agro-iidustrial ventures in
this country. The Rubber Belt which can be developed is in the Mindanao
Islands.

Fruits

Bananas are the main fruit in the diet of the Filipinos, and are now also
cultivated quite extensively for export as well. Pineapples and mangoes are
also cultivated for export. Numerous other fruits are also included in the
Fillipino diet.
2. Crop Regions

Bicol Region

The Bicol River Basin is one of the major agricultural areas in the
Philippines. ™is region supports such food crops as rice, maize, fruit,
nuts, rootcrops and vegetables (Figures 2.10 and 2.11). Commercial crops are
coconut, abaca, sugarcane and tobacco. The land use for these crops 1s sum-
marized in Table 2.10.

Climatic conditions allow the cultivation of a wide variety of crops. Major
constraints are Inadequate rainfall during the dry season and excessive cloudi-
ness and typhoons during the wet season.

Rice 1is grown either in irrigated, rainfed or upland areas. In 1981, the
irrigated harvested area was 161,430 hectares, the rainfed area 127,6M0 hectares
and the upland area 18,860 hectares. Fifty percent of the area for lowland rice
is irrigated. However, most of the existing irrigation systems need ma jor
improvements. The prospects for irrigating two rice crops per vear on a large
scale In the near future are quite favorable. The scope for rainfed upland crop

cultivation is generally favorable.
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Table 2.10 Crops Grown (1981) in Bicol Region and Percentage of Total Agricultural
Land Area Utilized (Area in Hectares)

FOOD CROPS COMMERCTIAL CROPS

Name Land Area Y4 Name Land Area Y4
1. Palay 307,930 28.6 1. Ccconut 353,470 32.8
a) irrigated (161,430) 2. Abaca 96,100 8.9
b) non-irrigated (127,640)
¢) upland (18, 860) 3. Sugarcane 9,410 0.87
). Mai ze 179,040 16.6 4. Tobacco and Others - 0.06
3. Rootcrops 77,070 7.2
4, Vegetables 29,090 2.8
5. Fruits and Nuts
(except Citrus) 20,090 1.9
6. Citrus 3,290 .27

9¢
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Deep rooted crops can be grown in the dry season without moisture stress
until the end of April on soils with a high water-holding capacity. Rainfed
vegetables can be grown marginally on these soils in the dry season.

Inadequate urainage is a major problem for both rice and upland crop culti-
vation in large parts of the Bicol River Basin. Production inputs, levels of
technology applied and yleld range from low to moderate.

Visayas Regions

Some of the most important agricultural areas in the country are found in
the Visayis Islands, particularly in the central plain of Panay, western plains
of Negros and the northern plain of Leyte (Figures 2.10 and 2.11). Food crops
grown in the Visayas Regions include rice, maize, frults, rootcrops, vegetables,
dry beans and peas, and citrus. The camercial crops are coconut, abaca, sugar-
cane, tohacco, cotton and maguey. The size of the areas planted to different
crops (Table 2.11) depends maliily on the climatic conditions in each region.
Central Visayas has a maize-coconut economy, Western Visayas mostly sugarcane
and palay, and Fastern Visayas coconut, palay and maize.

Table 2.12 summarizes areas devoted to irrigated, rainfed and upland rice

production.
Table 2.12 Rice areas in the Visayas
(harvested hectares)
[ Kind Fastern Visayas | Central Visayas Western Visayas
Irrigated 61,750 40,370 147,450
Rainfed 117,300 110,770 343,010
pland 6,770 A, 490 36,A20 |

3. Crop Calendars
Crop calendars in the Philippines are generally determined by the rainfall

pattern. Planting, particularly in Bicol and the Visayas Reglons, is based on



Table 2.11 Crops Grown (i581) in Visayas Regions and Percentage of Total Agricultural

Land Area Utilized (Area in Hectares)

Eastern Visayas Central Visayas Western Visayas
CROPS Area Z Area Y4 Area Z
I. Food Crops
1. Palay 185,820 19.9 157,630 16.79 527,080 50.3
2. Maize 187,840 20.1 470,870 50.15 73,610 7.0
3. Fruits and Nuts :
(except Citrus) 46,000 5 16,110 1.71 50,940 4.9
4. Citrus 280 .03 1,120 0.119 2,180 .21
5. Rootcrops 89,390 9.6 81,290 8.657 24,550 2.3
6. Vegetables 1,960 .2 6,360 .6773 11,590 1.11
7. Dry Beans and Peas 220 .02 1,530 .1629 20,710 2.0
8. Coffee 370 .04 1,190 .1267 4,730 0.45
9. Peanuts 2,540 .3 4,270 .4548 3,180 0.3
IT. Commercial Crops
1. Coconut 333,870 35.7 158,220 16.85 94,390 9.0
2, Sugarcane 18,910 2 36,550 3.89 228,280 21.8
3. Abaca 66,680 7.1 420 0.045 4,840 0.46
4, Tobacco 90 0.01 2,420 0.258 600 0.06
5. Cotton - - - -~ 1,130 0.11
6. Maquey - - 960 0.1 - -

Total Area

934,370 100 938,940 100 1,047,810 100

8¢
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the seasonal rainfall distribution. It was indicated earlier that four
rainfall-based climatic zones are found in the area. ™here are also two to
three climatic zones within a administrative region. Fach zone has its own crop
calendar. The crop calendars in the area under study are presented according to
climatic zones and based on the information from the Rureau of Plant Industry,
Ministry of Agriculture (Table 2.13).

4, Climatic Vulnerability of Agriculture

Of all elements affecting crop production in the Philippines, rainfall is
the most important single factor. Although the distribution of rainfall is
generally regular, deviations can occur. Often such deviations are greatly
detrimental to crops. FEspeclally harmful is a delay in the beginning of the
rainy season or scanty ralns during the season. Te onset may also be too
early, causing deviation from the planned agricultural activity. Prolonged or
abrupt withdrawal of the rainy season also has an adverse effect on agriculture.

Records show that floods are in most cases caused by tropical cyclones asso-
clated with torrential rains and scrong winds. Drought conditions are attri-
buted to non-occurrence of the expected number of tropical cyclones. An example
of this 1is the severe drought of 1973 when only 12 tropical cyclones occurred in
the Philippines compared to the anrual average of 19.

About 85 percent of reports from the Ricol and Visayas Reglons during the
past 12 years (1568-1979, Rureau of Agricultural Fconomics) attribute losses in
rice and corn production to tropical cyclones, floods and droughts. This does
not Include losses due to weather-related occurrcnces of pests and diseases.
During tre severe drought in 1973 over the Visayas, the total rice crop damage
was estimated at A1 million pesos. The following year flood damages to rice

erop production amounted to about 56 million pesos.



Table 2.13 Tentative Crop Calendars in Bicol and Visayas Regions
Climatic
Region Zone Crop Season Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Bicol 11 Rice Lowland 1st 11 1] H—pitt 00 0000 0000 00
Lowland 2nd —0 00CY 0000 0000 00 1111 HAo 44
Upland 111 1111 1117 00 0000 0000 0000
Haize Dry Season 111 71117 /111 o000 0000 0000 00
Wet Season //// [/1] 1}/ 0000 0000 0000
Soybean " 111 0000 0000 00
v Rice Lowland 1st 1111 H+ M+ —0 0000 0000 0000
lowland 2nd A4t/ 0 0000 0000 0000 1111 K
Upland 1 1111 1141 00 0000 0000 0000
Maize Dry Season 0000 0000 00 1111111 1111 o000
Wet Season 1111 1111 1117 o000 0000 0000 00
Soybean 1111 1117 0000 0000 00
Sugarcane /111 9289 0000 0000 0000 1111
IIX Rice Lowland 1st 1111 HH~ M+ —0 0000 0000 0000
Lowland 2nd AfL/ 0000 0000 0000 1111 M
Upland : 1111111 111 00 0000 0000 0000
Maize Dry Season 0000 0000 0000 00 1111111 1111
Wet Season /111 1111 1111 0000 0000 G000 00
Soybean 1111 1111 0000 0000 00

oY



Climatic

Region Zone Crop Season Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec
Eastern Visayas 11 Rice Lowland lst /I |H+ HH —— 0000 0000 0000 00
Lowland 2nd —0 0000 0000 0000 111 HH A
Upland 11 111 1111 00 0000 0000 0000
Majze Dry Season /111 1111 [11/ 0000 0000 0000 00
. Wet Season [/[// /!l I/ 0000 0000 0000
Soybean 1111 117 0000 0000 00
v Rice Lowland 1lst Y111 H+ HH —0 0000 0000 0000 -
Lowland 2nd A4 ——0 0000 0000 0000 1111 HH
Upland 11111t 111y 00 0000 0000 0000
Maize Dry Season 0000 0000 00 1111 1111 1717 o000
Het Season /111 17111 11/1 0000 00CO GOOO 00
Soybean 11111 0000 0000 00
Sugarcane /111 ¢88p 0000 0000 0000 1111
Central Visayas III Rice Lowland 1st 1111 H+ HH -—0 0000 0000 0000
Lowland 2nd A4/ —— 0000 0000 0000 1111 4
Upland 111 111 1111 00 0000 0000 0000
Maize Dry Season 00C" 0000 0000 90 11111111111
Wet Season 1111 1111 17/] 0000 0000 0000 0O
Soybean ' 11111111 0000 0000 00
Sugarcane /1// @998 0000 0000 10000 ' 111
v Rice Lowland 1st 11l HH H+ ——0 0000 0000 0000
Lowland 2nd A4~/ ———0 0000 0000. 0000 1111 H+H
Upland 1111y 00 0000 0000 0000
Maize Dry Season 0000 ‘0000 00 7711 1111 1111/ ooco
Wet season 1171 1111 /177 0000 0000 0000

Soybean 1117 111/ 000 0000 00

18



Climatic

Region Zone Crop Season Jan Feb Mar Apr May Jun Jul Aug Sep Oce Nov Dec
Western Visayas I Rice Lowland lst 1111 H —0 0000 0000 0000
Lowland 2nd —0 0000 0000 0000 1111 A
Upland 1111111 1117 00 0000 0000 @gOOO
Maize Dry Season //// 0000 0000 0000 00 11 1110 1117
Wet Season 1111 1111 0000 0000 o0
Soybean 1111 1117 0000 0000 00
Sugarcane 0000 0000 00 /11111 1111 oo 0000
111 Rice Lowland lst 11 i o —p 0000 0000 0000
Lowland 2nd fAY —— Qoo 0000 0000 M M
Upland 1111111 1111 00 0000 0000 0000
Maize Dry Season 0000 0000 0000 1111111117
Wet Season 1111 1111 1111 o000 0000 o0cC00
Soybean 1111 1111 0000 0000 00
Sugarcane /1] 99pp 0000 0000 0000 1111
LEGEND:
//1! Planting
—— Transplanting

0000 Harvesting

(4]



CHAPTER III
METHODOLOGY AND ASSESSMENT TOOLS

This chapter describes the data bases and analysis techniques used to devel-
op the agroclimatic models and their applications for assessment purposes 1n
the Bicol and Visayas Regions.

A. Data
1. Meteorological Nata

eteorological data from 13 synoptic weather reporting stations located
in the four regions were used as the primary data base. The data were available
In decadal and monthly format, the period of record at each station was
generally 1951-1980 and meteorological elements include rainfall, maximum and
minimum temperature, dry and wet bulb temperature, dew point temperature, rela-
tiVe humidity, cloud cover and wind speed. At three of these.locations, agro-
meteorologlcal observations are maintained. In addition to the above meteor-
ologlcal elements, pan evaporation data were also avallable.

Table 3.1 shows basic agroclimatic data for each of the 13 synoptic sta-
tlons. Figure 2.2 in Chapter II shows each station's location. The climatic
zone refers to the Coronas Classification as Indicated in Flgure 2.8 of Chapter
II. Other information in Table 3.1 include: 1) the station type, "A" for
synoptic, 2) reporting frequency 1is daily "d", 3) the elevation (m), 4) mean
annual rainfall (mm), 5) prevailing soll depth (cm), ) provisions for future
incorporation of soil water holding capacity information, and 7) peak sowing and
harvesting months for the indicated rice and maize crops and 8) months used in
calculating the various agroclimatic indices. This information will be exten-

sively used in Chapter V.
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‘Table 3.1 Basic Agroclimatic,Data in Bicol and Visayas Regions

! Peak sowing and harvesting Honths for calculating YMI and wmaking ,
STATION a E » eak sow :onths assesaments E
~ > -t
- CE| 8 %53 RICE MALIZE RICE MAIZE a
2 Y Ee wE B %0y Low- Low- o
Region D 88§28~ 58 ,85%F e e Low- land g8
and - Name § 1853 Ds “aq o low an - w
Province a5 B3 & “w ®° ﬁ’-sum sec~ Dry Wet land sec- Dry Wet s8
g fag o 55 o] a%sd first ond Up- gea- sea- 8oy~ sugar first ond Up- sea- gea- 80y- sugar 5 o
[} M crop lapnd gon son bean cane* crop crop land son son bean cane% —
V. Bicol
1. Camarines Norte 2 Daet A d 103610 100 100 6-10 11-4 7-11 4-7 2-5 5-3 - 6-9  11-3 7-10 4-6 2-4 S5-8 - 10-1
. ba ? Legazpi A d 17 3421 100 100 6-10 11-4 7-11 4-7 2-5 5-9 - 6~9 11-3 7-10 4-6 2-4 5-8 - 10-1
3. Catanduanes 2 Virac A d 14 2988 100 100 6-10 11-4 7-11 4-7 2-5 S-9 =~ -9 11-3 7-10 4-6 2-4 5-8 - 10-1
4. Masbate 1 Masbate A d 101886 100 100 "7-11 12-4 5-9 11-2 5-8 5-9 -~ 7-10 12-3 5-8 11-1 5-7 5-8 - 10-1
VI1). Eagstern Visayas
1. Rortheastern Samar 2 Catarman A 4 4 3304 100 100 6-10 11-4 7-11 4~7 2-5 5-9 - 6-9 11-3 7-10 4-6 2-4 5-8 -  10-1
2. Eastern Samar 2 Borongan A d 6 4358 100 100 6-10 11-4 7-11 4-7 2-5 5-9 - -9 11-3 7-10 4-6 2~4 5-8 -  10-1
. 3. Western Samar 4 catbalogan A d 3 2640 100 100 6-10 12-4 5-9 10-1 5-8 5-9 1-3 6-9 12-3 5-8 10-12 5-7 5-8 1-2 10-1
4. Leyte 2 Tacloban A d 16 2186 100 100 6-10 11-4 7-°1 4-7 2-5 5-9, - 6-9 11-3 7-10 4-6 2-4 5-8 - 10-1
VII. cCentral Visayas
1. Negroa Oriental 3 Dumaguete A 51303 100 100 7-11 12~4 5-9 11-2 5-8 5-9 1-3 7-10 12-3 5-8 11-1 5-7 5-8 1-2 6~9
2. Cebu 4 Cebu A d 331625 100 100 7-11 12-4 5-9 11-2 5-8 5-9 1-3 7-10 12-3 5-8 11-1 5-7 5-8 1-2 v-9
3. Bohol 4 Tagbilaran A d 5 1420 75-100 100 6~10 12-4 5-9 10-1 5-8 5-9 1-3 6-9 12-3 5-8 10-12 5-7 5-8 1-2 6-9
V1.' wistern Visayas
1. Capiz 3 Roxas A d 2 2182 100 100 7-11 12-4 5-9 11-2 5-8 5-9 1-3 7-10 12-3 s-g t1-1 5-7 5-8 1-2 6-9
2. Tlotlo 1 Iloilo A d 1195 100 100 7-11 31-3 5-9 12-3 5-8 5-9 9.1 7-10 11-2 5-8 12-2 5-7 5-8 9-12 6-9

V4

*Crop calendar 3and assessment wonthe for sugarcane ara for perfods longer than one year.
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2. Agricultural Crop Statistics

Although a variety of crops are grown in the project reglons as indi~
cated In Chapter II, agricultural statistics from four primary eccnomic crops
were selected to Investigate statistical climate/crop yleld relationships.
These crops include rice, maize, sugarcane and coconut. lata include area in
hectares, production in metric tons and yleld in metric tons per heccare for
annual and/or seasonal tline periods. Seasonal data were available for rice and
malze, 1970-1978. Annual data were avallable for coconut and sugarcane. These
data were obtained from BAEcon.

3. Episodic Event Data

Examination of historic records revealed that climatic anomalles are
highly assoclated with crop fallure. Some of these historic occurrences of crop
fallure (or damage) are indicated as episodic events in Table 3.2.

4. Capabilities and Limitations in the Data

The large spatial varlability of rainfall within each region (e.g.,
Bicol) is of major concern. Usually two to three climatic regimes (Coronas
Classification) exist in eéch region and the available 13 stations do not ade-
quately prepresent each regime. It 1is necessary to add more stations to the
analysis in the future.

Limitations in agricultural data can be attributed to the differences in
data collectlon procedures over period of record. Changes in the crop reporting
regions or areas during the period of record also occurred. An example 1s the
Central Visayas Region which was formerly a component of the Fastern Visayas
Region: crop/weather analysis can therefore not be included on data
corresponding to those years when Central Visayas was still classified as

Fastern Visayas.



Table 3.2 Summarized Fpisodic Fvent
Factors Having Adverse Immact on Crop Conditions and Foo. Sacurity

in the Bicol and Visayas Rezions.

- on Reported Climatic ani :.- -~ 'limatic

YEAR MON" Y EVENTS
1951 May Typhoon and floods destroyed crops
December Typhoon crossed Visayas, destroyed crops
and caused hundieds of casualties
1952 July Typhoon Fmma caused crop damages in the
Visayas
October Typhoon Trix caused crop darage in Bicol
and Visayas Regicns
1956 December Typhoon Polly caused considerable crop
damages in Bicol Region
1957 November Typhoon Kit destroyed crops in Bicol
Region
1959 Novembet: Typhoon Freda damaged crops in Bicol
Region and neighboring provinces
December Typhoon Gilda caused flooding and strong
winds destroyed crops in Ricol and
Visayas Regions
December- Typhoon Harriet aggravated damages
January 1960 caused by "Gilda"
1960 June - Two typhoons caused damages to crops
October over Blcol and Visayas Regions
1962 May - Two typhoons crossed Visayas Regions
November causing floods and croop damages
1966 May Typhoon Klaring caused heavy crop losses
in Fastern Visayas and Bicol Regions
December Typhoon crossed the Visayas causing
crop losses .
1967 November Typhoon crossed the Bicol Region, strong

winds and torrential rains caused heavy
damages to crops



1968

1969

1970

1972

1973

1974-75

1975

1976-T7

1978
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Farly half of year

October

January

Second half of year

Drought over Centrazl and Western Visayas
caused damages to crops

Incidence of pest and diseases reported
to have caused considerable crop damages
in Central and Western Visayas

Drought over Bicol and Visayas Reglons
caused crop failures

Incidences of pest and diseases reported
to have caused crop damages in Western
Visayas

Destructive typhoons Sening and Tikang
caused heavy losses to agricultural
Investments and casualities (more than
1,500 persons) in Ricol and Visayas
Reglons

Floodings over Visayas during the early
hal? of January

Typhoon caused crop damages in Ricol
Reglon during the second half of Jaruary

Incidence of pest and diseases in Bicol
Region -

Drought over Western Visayas caused crop
fallures

Drought over Bicol and Visayas Reglons
caused heavy crop fallures

Heavy damage to crops reported due to
Incidence of pest and diseases in Eastern

Visayas

Drought experienced over Ricol and
Visayas Reglons. Crop damages reported

Crop damage considerable in Bicol Region
due to incidence of pest and disease

Crop damages reported due to drought over
Fastern and Central Visayas and the
Bicol Regions
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September-
QOctober

April

July

November

December

Twphoons affected Bicol and Fastern
Visayas Reglons. Severe damages to crops
due to floodings and strong winds

Crop damages reported in Western and
Fastern Visayas and Blcol Regions due to
pest and diseases

Typhoon Bekeng crossed Eastern Visayas
and North of Central ‘-and Western Visayas
Regions causing severe damages to crops

Damages due to drought reported in Fastern
and Central Visayas and the Ricol Region

Typhoon caused crop damages in Ricol
Region

Typhoon caused heavy damages to crops in
Bicol Reglion. Tidal waves swept over
Eastern Camarines Province

Typhoon caused crop damages in Bicol
Region
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As far as quality control of meteorological data from the 13 synoptic sta-
tions 1s concerned, standard procedures and guidelines were followed from the
time of observation to the basic processing of such data from observations forms
onto magnetic tapes. There are some missing data for certain elements, such as
wind speed, for nearly all of the 13 synoptic stations during the 1950's.
However, nearly 30 years of data provide generally stabilized climatological
normals for most of the elements of the 13 stations.

B. Analytic Methods
1. Climatological Means

Monthly data available from each of the 13 weather stations were
averaged to obtain the distribution of the monthly means. The northeast monsoon
(October-January) is the primary source of rainfall for stations in the Bicol,
Central Visayas and Fastern Visayas regions. On the other hand, stations in ’
Western Visayas receive most of the rainfall during the southwest monsoon season
(June-September).

2. Potential Evapotranspiration (PRT)

Evapotranspiration (ET) 1is defined as the sum of the evaporation of
water directly from the surface of water, soil and vegetation (dew) and the
transpiration by plants. If soil water is not limiting, the evapotranspiration
from a complete plant canopy is called the potential evapotranspiration (PET).

There have been many methods proposed for estimating PET from meteorological
data. One of the simplest models is to approximate PET by 80 percent of pan
evaporation (from U.S. Class A pan). Some of the other major methods include
the following.
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Perman Formula (1948)

Perman's method is derived from the physical laws governing the evapo-
transpiration process. The approach involves obtaining an empirical estimate of
the transfer of mass (water vapor) from a wet surface and incorporating this
estimate into an expression defining the surface energy budget. The Perman for-
mula (Frere, 1972) for the rate of PET from an extensive and uniform wet surface
can be written as:

PRT = (rH + 0.66Fa)/(m + 0.66)

where: PET 1s the potential evapotranspiration (mm/day)

m 1s the slope of the saturation vapor pressure curve for water
at mean air temperature in mb/°C,

H 1s the net radiation in evaporation equivalent of mm/day,

0.66 1s the psychrometric constant in mm mb/°C, and

Fa 1s 0.26 (eg - e5) (1 + 0.54 Us) in mm/day

with: | eg the saturation vapor pressure (mb) at the mean aip

temperature,
ey the actual vapor pressure (mb), and
Up the mean wind speed at 2 meters in n/sec.

™e main problem with the Penman method 1is that the data for net radiation,
vapor pressure deflcit, and wind speed are not available for most meteorolegical
stations. Because of incomplete meteorological data at most weather stations,

other empirical methods for estimating PET have also been proposed.,
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Modified Perman for the Philippines

Tamisin et al (1979) suggested the modified Perman as follows:

PET = (mH + sFa)/(mts)

where:

H
Qt

On1

Q%

o4

€q
RH

net radiation (mm/day) = Q¢ (1-r) - Qnl,

global radiation (m/day) = Qo (0.18 + 0.55 n/N),
net longwave radiation = T4 (0.56 - .093feq (0.1 + 0.9 n/N)
(m/day) ,

reflection coefficients of the surface,
extra-terrestrial radiation (mm/day),

Stefan - Boltzman equation,

percent of possible sunshine

slope of saturation vapor pressure (mm Hg/°T),
psychrometric constant (0.27),

aerodynamic term (mm/day),

(0.5 + 0.01 U) 0.35 (e5 - eg),

wilndspeed at 2 meters above the surface (km/day),
saturation vapor pressure (mm),

actual vapor pressure (mm) = ey (RH/100), and

relative humidity (%).

following additional modifications were made for Philippine conditions:

Robertson (1971) recommended the use of Q¢ = Qy [0.24 + 0.54 n/N].

Change the expression (0.5 + .01U) in the aerodynamic term to
(1.0 + .01U) to allow for the roughness factor.

In the net lo ve radiation expression, change the term
(0.56 - 0.098Jeq) to (0.56 - 0.079{ej) to be more applicable
for the humid tropics in lieht of results by Noorenbos and
Pruitt (1977).
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Thornthwaite Method

Thornthwaite (1948) derived an empirical relationship between PET and mean
alr temperature. PET is expressed as an exponential function of mean monthly
alr temperature or:

PFT = 1.6 (10 T/I)A
where: PET 1s the potential evapotranspiration (cm/month),
T 1is the mean alr temperature (°C), normally a month,
I 1s a heat index which represents the sum of 12 monthly indices
(1) and may vary from 0-160,
n 1.514
I=3 (74/5)
i=1
A 1s a cubic function of I for a given location which ray vary
from 0-4.25 and 1s defined as:
A =6.75 x 107713 = 7.71 x 10-512 + 1.79 x 10=2 T + 0.49

The values of PET are for a day length of 12 hours and a 30 day month; an
adJjustment must be made to estimate PET for a particular month and place.

Thls method has been used worldwide because only temperature and the local
latitude are required for input. However, considerable criticism has been
offered because the mean air temperature does not relate to the surface energy
balance. Also, the method was designed only for making monthly PET estimates.

An adjustment for latitude is required for locations with daylengths dif-
ferent than 12 hours. ™is method has the great advantage of using only tem-
perature and local latitude as input. However, there are certain shortcanings
which are inherent in the method. Evaporation lags the annual maximum heating
during the late spring and consequently 1s out of phase in the fall as well.
Furthermore, application of the ™ornthwaite concept to short-time periods leads

to slgnificant errors as a result of the often excesslve variation in mean air
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temperature during these periods. It has also been found that PET measureaments
based on short-term mean temperatures are unreliable. ™™his fallure is attpri-
buted to the fact that short-term mean temperature is not a suitable measure of
net radlation. Success on a long-term hasis 1s explained as being due to the
fact that both evapotranspiration and mean temperature are similar functions of
net radiation and are therefore autocorrelated over relatively long periods of
time.

Hargreaves Method

Hargreaves (1977) developed an equation for comparing éET that corresponds

well with standard Class A pan data and grass lysimeters. This can be written as:

PET = 0.0075 XRM X T
where:
PET = potentlal evapotranspiration (mm/day),
RSM = solar radiation (mm/day), and
T = dally mean temperature (°F)

This method 1s quite simple. Measurements of temperature are usually
avallable. If solar radiation is not avallable, it can be estimated from per-
centage of possible sunshine (S) and relative humidity (RH). It can also be
estimated from the temperature diffference (™D, defined as the difference bet~
ween maximum and minimum). These relationships include:

RSM = KS(RA)(S)

where:
RA = extraterrestrial radiation (mm/day)

S = percent possible sunshine.
The KS relation is for RH values greater than 40 percent, otherwlse KS =

0.076 1s recormended.
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The equation to estimate solar radiation from the temperature difference
(TD) can be written as:
RSM = KT(RA) (D)
The value of KT is estimated by:
KT = 0.035 (100-RH)1/3
fvaluating Methods for Estimating PRET

Potential evapotranspiration is one of the basic agroclimatic variables used
in the study of soil moisture stress on crops. Several methods on estimating
potential evapotranspiration were previously discussed. The question 1s now
posed as to which method is most reliable and suitable for the Bicol and Visayas
Reglons.

In this study, monthly data from 13 primary statlons representing the Bicol
and Visayas Reglons were used to estimate PRT by Perman's, Hargreaves' and
Thornthwaite's methods. Estimated values were campared and the sample means,
varlances and time series of individual monthly estimates were examined. One
disadvantage common to all methods is that the baseline information on actual
measurements of PET are not usually available to confirm the appropriate method.
Also, data for the Perman method are not always available. Although some of
these parameters can still be derived, this poses some limitations. Finally,
Some of the methods may be totally Inappropriate for climatic conditions in
Bicol and Visayas Regions.

Since actual measurements of PET are not available, definite conclusions can-
not be made. However, some inferences can be drawn from the sensitivity of PET
to the monthly rainfall variations. In this respect, crop calendar information
can also be used to interpret PET (moisture demand) and rainfall (moisture

supply) relationships. If crops are successfully grown in most years, rainfall
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should generally exceed PFT during the growing season. If estimated PRT during
the growlng season is consistently larger than rainfall, the PET method 1is
suspect for the region.

Despite these limitations, recommended procedures nced to be developed
for test and evaluatlon. The most "appropriate" method needs to be determined.
Alternative methods or ways to adjust PET estimates to conform with the
"appropriate" method are required. Interpolating PFT to data sparse locations
1s important. Determining when PFT norrals can be used instead of individual
monthly (or weekly, etc.) values is necessary. Yor example, if the variance of
rainfall is much greater than the variance of PET, then possibly PRT normals
will suffice. These are some of the questions to be Investigated.

A number of studies on estimating potential evapotranspiration were made in
the Philippines, but the most important one which 1s relevant to the PRT methods
for Bicol and Visayas Regions 1s the one conducted by Tamisin et al (1979).
Modifications were made to the original Perman's equation to make it more
sultable for Philippine conditions in light of the results from Doorenbos and
Pruitt (1977). Rased on this generalized modified Perman's equation for
Philippine conditions simple linear regressions for estimating PET for each par-
ticular area in the Philippines were developed. These results were also con-
sidered i1n the evaluation.

3. Soil Moisture Budgeting

Crop growth and development are influenced mainly by soll molsture, tem-
perature and light Intensity. Moisture sources are rainfall, water stored in
the soll and irrigation. Precipitation recharges soil moisture in successive
soll layers from the surface downwards. Precipitation in excess of that

required to bring the crop root zone to water holding capacity 1s removed by
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lateral run-off and percolation. Fven without irrigation, crops are not
serlously affected by short dry spells if there is sufficient soil moisture to
support the demand for water. Thus, the soil moisture level may be as good or
better an Indicator of crop conditions as rainfall. Although soil moisture

is difficult to measure directly in the fleld, estimates can be made using
agroclimatic techniques. However, estimates should be viewed only as indices of .
soll moisture conditions. Simple water budgets based on gains and losses can
provide useful information 1if capabilities and 1limitations are carefully con-
sidered. Two methods for estimating soil moisture are presented as follows:

One-Layer Water Balance Method

Thornthwalte's model 1s based on simple water balance equations for gains
and losses wlithin a2 single layer as follows:
'Sy =831 + Py — PRy (S3_1)/FC
where: Sj 1s the soil moisture estimate for the current period,
Si-1 1s the soil moisture for the previous period,
P4 1s the precipitation,
PETy 1is potential evapotranspiration for the current period, and
FC 1s the field capacity of the soil.

Two-Layer Model

In contrast to the one-layer model, Palmer (1965) proposed a two-layer model
which makes two assumptions:

1) The upper layer is equivalent to the plough layer and is assumed to hold
about 2.5 cm of plant available water. The soll water (SS) in the surface layer
is lost at a potential rate.

2) The underlying layer extends from the base of the plough layer to the
depth of rooting for a particular crop. Soil water (SU) in the underlying layer
Is lost at the potential rate when the profile 1is at field capacity. The
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avallable water in this layer depends on the depth of the root system and on the
soll characteristics.
The soll moisture budget is:
Sy =SSy + SUy = 8847 + SUj3 + Py - AETy - ROy
where: SSy and SUj are the soll water in the surface and underlying layers,
respectively,
1 is the current time period and i~1 is the previous time period,
Sy 1s the soil water in both surface (SSy) and underlying (SU1) layers,
Py 1s the ;ainfall recelved during the current time reriod,
AETy 1s the actual water loss by evapotr-nspiration, and
ROy 1s the runoff.
The actual water losses by evapotranspiration and runoff are estimated by:
a) If Py < PETy then:
AETy = Py + LSy + LUy = Py + Minimum (SSy_3, PET4-P1) + Minimum (SUy.p,
(PFT-P3 - LS1) SU4.31/(PAWmax—2.5))
whereE
LSy and LUy are the water losses from the surface and underlying layers
in the current time period, respectively,
PET{ 1s the estimated potential evapotranspiration, and
PAWmax 1s the maximum possible plant available water in the total soil
profile.
The runoff 1s zero for thie case.
b) However, if P4y > PETy then:
AFTy = PETy,
RO4 = Py - AETy - RFy
where the soll water recharge (REy) is:
RE1 = the minimum of ((P4 — AETy),(PAWpax-S1))



The budget begins at a time when the soil moisture is at field capacity and
water 1s lost from the upper layer first. Note that if SU4..1 1s zero then the
loss from the underlying layer (LUy) is also zero. All units are in cm.

4, Crop Coefficients

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

KC = AET./PET.

The crop coefficient relates to the evapotranspiration (AET,) of a disease
free crop grown in large fields under optimum soil water and fertility con-
ditions achieving full production potential under the given envirorment.

PET is the reference potential evapotranpsiration as defined in previous sec-
tlons. Factors affecting the value of KC are malnly the crop characteristics,
crop planting or sowing date, rate of crop development, length of growlng season
and the climatic conditions. Thﬁs, crop coéfficients are defined for each crop
development stage. Usually the coefficients of a given crop are largest for the
flowering/reproductive stage relative to the earlier stages, for example,
planting and late early vegetative.

Some of the crop coefficlents for selected crops as provided by Doorenbos
and Pruitt are given in Table 3.3. These were determined from field experi-
ments with lysimeters. Although the appropriate crop coefficients for environ—
mental and cropping practices ir the Bicol and Visayas Regions would have to be
locally determined, the data in Table 3.3 can be carefully used in agroclimatic
studies. The coefficients should be adjusted for local conditions, e.g., crop
calendars and agricultural practices.

The KC can be used to estimate the crop water requirement for different
crops at various stages of development by:

Crop Water Requirement (CWR) = AFT, = KC (PFT").
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CROP_ _ Crop Development stages Total
. -rop Mid-= Late At growing
: Initial d;}’:}é’”' season season | harvest period
Banana . .
tropical 0.4 -0.5 0.7 -0.85 (1.0 .1 0.9 -1.0 0.75-0.85] 0.7 -0.8
subtropical |0.S5 -0.65 { 0.8 -0.9 1.0 -1.2 1.0 -1.15} 1.0 -1.151 0.85-0.95
] Bean ‘ :
' green 0.3 -0.4 0.65-0.75 {0.95-1.05 0.9 -0.95 0.85-0.95 | 0.83-0.9
dry 0.3 -0.4 0.7 -0. 1.05-1.2 [0.65-0.751] 0.25-0.3 0.7 -0.8
Cabbage 0.Z -0.5 0.7 -0.8 0.95-1.1 0.9 -1.0 |o.s -0.95}10.7 -0.8
Corton- 0.4 -0.5 |0.7 -0.8 [1.05-1.2570.8 -0.9 ]0.65-0.7 |0.8 -0.9
Grape 0-33"0-55 0.6 -0.8 0-7 .-Op9 O¢6 -0-8 0.55-0.7 0-55-0-75
“Groundnut 0.4 -0.5 [0.7 -0.8 O.'95-'l 1 0-75-0.85 0.55-0.6 0.75-0.8
Maize
sweet 0.3 -0.5 0.7 -0.9 1.05-1.2 1. .15 0.95-1.1 0.8 -0.95
grain 0.3 -0.5* | 0.7 -0.85*}1.05-1.2* [ 0.8 95 0.55-0.6* | 0.75-0.9*
Onion . ' ' . .
dry 0.4 -0.6 0.7 -0.8 0.95-1.1 0.85-0. 0.75-0.85 0.8 -0.9
green 0.4 -0.6 [0.6 -0.75]0.95-1.05 | 0.95-1.05 { 0.95-1.05 0.65-0.8
Pea, fresh 0.4 -0.5 0.7--9.35' 1.05-1.2 1.0 -1.15}] 0.95-1.1 0.8 -0.95
Pepper, [resh |0.3 -0.4 0.6 -0.75 | 0.95-1.1 0.85-1.0 0.8 -0.9 |[0.7 -0.8
Potato 0.4 -0.5 |0.7 -0.8 [1.05-1.2 [0.85-0.95|0.7 -0.75}0.75-0.9
Rice 1.1 -1.15}1.1 -1.5 1.1 -1.3 10.95-1.05]0.95-1.05]1.05-1.2
Safflower 0.3 -0.4 0.7 -0.8 1.05-1.2 10.65-0.7 [ 0.2 -0.25]0.65-0.7
Sorghum 0.3 -0.4 0.7 -0.7511.0 -1.1510.75-0.8 0.5 -0.55]0.75-0.85
Soyb can 0.3 -0.2 0.7 -0.8 1.0 -1.15}0.7 -0.8 }J 0.4 -0.5 [0.75-0.9
Sugarbeet. 0.4 -0.5 }0.75-0.65 |1.05-1.2 0.9 -1.0 0.6__—_007 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 1 0.85-0.95
Tomato 0.4 -0.5 0.7 -0.8 1.05-1.25 (0.8 -0.95} 0.6 -0.65 ] 0.75-0.9
Water melon 0.4 -0.5 (0.7 -0.8 0.95-1.05 /0.8 -0.9 0.65-0.75 | 0.75-0.85
Wheat 0.3 -0.4 0.7 -0.8 1.05-1.2 0.65-0-.75{ 0.2 -0.25 0.8 -0.9
Alfalfa 0.3 -0.4 1.05-1.2 0.85-1.05
Citrus '
clean weeding 0.65-0.75
no weed control 0.85-0. 9
Olive 0.4 -0.6
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The CWR for each growth stage and the growing season of a particular
crop can be estimated from historic meteorologlcal data. The CWR can be com-
pared with rainfall and soil moisture to determine the appropriate crops and
planting dates that would minimize drought vulnerability. In contrast to this
type of land use study, the CWR can be used in real~time applications such as
irrigation advisories during the growing seascn.

5. Climatic Diagrams

The climatic diagram is a useful tool for Investigating the availability of
moisture of crops. It is a graphical plot of monthly, decadal, weekly or dally
rainfall, soill molsture, PET, AET and other parameters such as pan evaporation.
The crop coefficient could be used to adjust PET, thereby providing an estimate
for the crop water requirement for each crop stage. The diagram can be based on
data from a particular season or from climatic normals or both. For example,
molsture supply and demand relationships can be monitored durlng the growing
season by comparing real-time values to normal data. This can be an Important
tool for crop condition assessment. The diagram can also be used for
Integrated-area development projects such as land utilizétion including human
settlement, cropping patterns, farming systems, irrigation requirements and
others.
6. Derived Agroclimatic Indices

Agricultural drought indices are defined as derived rnumbers or classifica-
tion identifiers which express the degree to which growing plants have been
adversely affected by an ahnormal moisture deficiency. The deficiency may
result either from an unusually small moistuce supply or an unusually large
molsture demand. The sources of moisture supply are preciplitation and water
stored in the soll, while moisture depla=tion is caused by crop evapo-
transpiration. Potential evapotfanspiration and soll moisture are some of the

variables that can be used for calculating these indices.
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This study examines six different agroclimatic indices: Yield Moisture
Index (YMI), Generalized Monsoon Index (GMI), R-Index, Soil Moisture Index
(SMI), Z-Index, and the Palmer Drought Index (PDI). These indices are used
by the NOAA/Assessment and Information Services Center for drought early
warning assessments. Detalls of each index follow.

Yield Moisture Index (YMI)

The Yield Moisture Index 1s defined as:

where:

N
YMIJ =zl Py KC1J
1:

[}

YMIJ tlie Yield Moisture Index for the jth crop (rice, maize, etc.),

P; = the precipitation during the ith crop stage (1 = planting or
transplanting, 2 = vegetative, 3 = flowering/reproductive ete.), and
K01J = the appropriate crop coefficient for the ith crop stage and
Jth crop (Doorenbos and Pruitt, 1977).

As discussed by Steyaert et al (1981), and Achutuni et al (1982), this
drought iIndex uses crop coefficilents to welght rainfall during the growing
Season according to the relative water requirement between crop stages. For
example, the crop coefficients for maize at planting and reproductive/flowering
are about 0.35 and 1.05, respectively. Water 1s about three times more impor-
tant during flowering than at planting. Thus, the YMI 1s based on objectively
welghted rainfall and should represent an Improvement over the use of cumulative
rainfall durins; the growing season. ™he Index can be calculated at the end of
planting, vegetative, flowering and maturity crop stages. Assessments are made
at the end of each stage. Usually water is beneficial to the crop at these
times; however, caution must be exercised in the late maturity stages. If rain-

fall tends to adversely affect the crop during the final stages (grain drying),

this stage should not be used in the YMI.
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Generalized Monsoon Index (GMI)

The Generalized Monsoon Index was developed by Steyaert, Achutuni and
Todorov (1981) to assess rainfed crops grown during monsoon. In a sense, it is
a generalized YMI which is defined for the southwest and northeast monsoons.

The Generalized Monsoon Index for the Southwest monsoon (GMIgy) 1is obtained
by welghting June to September rainfall as follows:

GMIgy = 0.15P¢ + 0.25P7 + 0.40Pg + O.2OP9.
The Generalized Monsoon Index for the northeast monsoon period during
October to January is defined as:
GMINg = 0.15P10 + 0.30P11 + 0.30P1p + 0.25P

where:

(MIgy = the GMI for the southwest monsoon

GMINE

the GMI for the northeast monsoon and,

Py = the rainfall In the ith month (1=l for Jan, i=2 for Feb, etc.)
The rainfall is weighted such that 15 percent of the monsoon rainfall is
assumed to precipitate during the first month (June/October), 25 percent during

the second month (July/November) and so on. The index values are expressed
in percentiles or .s a percentage of normal for agroclimatic regions. The
Generalized Monsoon Index provides information on rainfall conditions during the
monsoon season and serves as a good indicator of potential irrigation supplies.

R-Index

The R-Index was developed by YAO (1969) and is defined as the ratio of
AET to PET or:

R = ART/PET.
The 1index ranges from 0 to 1. Values near zero indicate extreme molsture

stress while values near unity indicate no stress. e index can he used in

crop condition assessments and also as a tool for land use stidies. For example,
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YAO (1973) used the R-Index to demonstrate that groundnuts could not be grown in
Tarizanla due to drought vulnerability. This simple agroclimatic analysis could
have saved British investors several millions of U.S. dollars in 1948, Ravelo
and Steyaert (1981) used the R-Index to estimate optimum crop calendars for
Haitl and eliminate erroneous crop calendars cited in the literature.

Soill Moisture Index

Ravelo and Decker (1979) proposed a Scil Moisture Index (SMI) which is
defined as:
SMI = PAW/PAWmax
where:
PAW 1s the plant available soil molsture, and
PAWmax 1s the maximum plant available soil molsture.
The SMI is defined for values ranging from zero to 1. The SMI has been used
by AISC as a crop condition assessment tool.
The Z-Index
Monthly temperature and precipitation are used in an algorithm that derives

the Z-Index, deflned as:

Z =4d (K)
where:
d=p -9

N
1s the observed precipitation while P is the "climatically
~
appropriate" precipitation. P is further estimated by:
AN A AA
P=ET+R+RO -1,

Evapotranspiration (ET), recharge (R), runoff (RO), ard Loss(L) are
obtained by multiplying the potential value (FET, PR, PRO, PL) hy the coef-
ficients (A, B, C, D,) which are the ratio of average ET, R, RO or L by its
average potential values, respectively; that is A = ET/PET, B = R/BR, C =

RO/PRO, and D = L/PL. For example, to estimate ET, ET = A(PET).
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Palmer Nrought Index

The Palmer Drought Index (PDI) is ar important application of the Palmer
two~layer soil moisture model (1965). ™is provides information on the duration
and intensity of drought. The PDI is designed to monitor both dry and wet
pe;iods. The index values are scaled such that negative values indicate drought
and positive values indicate wet conditions; an index value of zero indicates
normal conditions. Table 3.4 shows the index categories for wet and dry
periods.

Interpretation of Indices

Indices can be computed from historic data over a 15-30 year period
and expressed in several forms: raw value, percent of normal and percentile.
The Indices must be tested and evaluated to determine how each should be
interpreted and the potential for use as an operational index to monitor general
agricultural conditions. The threshold values for the indices can be
established by using available historic yleld data and/or eplsodic event data
These are used to identify the weather Impact years and the critical values of
the index associated with, for example, normal crops, moderate drought impact
on crops (slightly below normal yilelds), drought impact on crops (reduced
ylelds) and sevare drought impact on crops (drastically reduced yields or crop
fallure). The index values for such years will be considered as a threshold
value for each category.

Decisions should be made on which index or indices will be appropriate for
an area of Interest or for a particular purpose. Guidelines for determining the
appropriate methods are discussed in following chapters. The assessment then
can be made by calculating the indices using the observed weather data,
interpreting the index values in terms c. similar values in the historic record

and evaluating the results along with other information. The Indices are mainly



Table 3.4 Palmer Drought Index Classes for Wet and Dry Period

INDEX CHARACTER OF RECENT WEATHER
> 4,00 Extremely wet
3.0 to 3.99 Very wet
2.0 to 2.99 Moderately wet
1.0 to 1.99 Slightly wet
‘0.5_ to 0.99 Inciplent wet spell
0.49 to -0.49 Near normal
-0.50 to -0.99 Incipient drougtit
-1.00 to -1.99 Mild drought
-2.00 to -2.99 Moderate drought
"=3.00 to -3.99 Severe drought
< =4.00 Extreme drought
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useful in assessing drought impact on agricultural crops, not the flooding
impact or crop conditions in irrigated areas. Drought causes physiologic
damage to a crop. Fxcessive moisture due to flooding can cause physical and
also physiologic damage. Thus, flooding 1s a more complex assessment problem.
Also, wind damage 1s sometimes associated with floods.
C. Application of Agroclimatic Tools

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

applications are provided in this report.



CHAPTER IV
ANALYTIC RESULTS

A. Overview

Four major types of agroclimatic analyses fap the Blcol and Visayas Reglons
were performed including: 1) Investigating and evaluating various methods fopr
estimating potential evapotranspiration, 2) estimating soil moisture and calcu~
lating the Palmer Drought Index, 3) developing historic/crop condition indices
for use in assessments and U4) developing preliminary statistical climate/crop
yleld models for lowland rice and coconut for the Blcol and Visayas Reglons,
recpectively. Discussion in this chapter focuses on PET results. The
agroclimatic/crop condition indices and statistical modeling results are
discussed in Chapter V.
1. Potential Evapotranspiration

The methods used for estimating PRT discussed in Chapter III were applied
to data sets from synoptic weather stations representing the Bicol and Visayas
Regions; the main objective of this analysls was to determine which method was
"approppiate" for estimating PFT for these regions. Another objective was to
determine 1if PET normals can be used instead of individual monthly values.
2. Soil Moisture, 7-Index and the PDI

The results of the PRT analysis were used to estimate soll moisture using
the Palmer two-layer model and then to calculate the Z-Index and Palmer Drought
Index. The soll molsture estimates are Integral to the assessment program. The
Z-index deplcts soil moisture anomalies in an area and appears to explain more
variations on crop conditions. The PDI shows promlse as a potential index for
monitoring climatic conditions (both drought and flooding situations) at indi-

vidual stations.
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3. Agroclimatic/Crop Conditinn Indices

The indices used in the assessment study for Bicol and Visayas Regions were
the Yield Moisture Index and the Generalized Monsoon Index. The Yield Moisture
Indices for all of the 13 synoptic stations representing the regions were
derived using monthly normal rainfall, crop coefficients and crop calendars.
The Generalized Moisture Index was based on the sumation of welghted monthly
precipitation during the periods when the southwest and northwest monsoons were
prevalant in the area.
4. Statistical Models

Preliminary statistical models which were developed relating historical crop
yileld and climatic conditions require test and evaluation, and these models

should be used with caution.

B. PET Results

Potential evapotranspiration was estimated at all 13 stations by the
Thornthwaite, Hargreaves and Perman methods. The monthly mean values of PET and
rainfall are provided in a separate appendix. The example plot for Daet in
Figure 4.1 illustrates this analysis. Some of the conclusions include:

1) In all cases, PRT estimatec by the Penman method are the lcwest in
magnitude while those from the Thorntiwaite method are highest.

2) PET estimates for the wet months are lower than those during dry months.

3) In most cases the variability of Hargreaves estimates in relation to
rainfall variability is similar to the Perman results.

4) The maximum PET by Thornthwaite lags the minimum rainfall for all cases
and all climatic zones.

5) It is evident that Thornthwaite's PET estimates tend to follow
temperature variations rather than rainfall which is understandable
since the only inputs to Thornthwaite's method are temperature and
latitude.
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6) In relatively dry areas such as those in climatic zones I and ITII, the
monthly variability in PET is pronounced. Also, the PET estimates using
Thornthwalte's method are larger in magnitude than Perman's or
Hargreave's.

7) In all cases, the variability of monthly rainfall is very large campared
to the varlability of PET. For example, rainfall and PET statistics for
Daet are shown in Table 4.1.

The question as to which of these three methods is most appropriate for
operational use In the assessment program for the Bicol and Visayas Regions and
whether monthly normal PET estimates can be used instead of actual monthly
values will now be addressed.

First of all, pan evaporation data and basic information on actual potential
evapotranspiration in any of the study areas 1s lacking for camparative pur-
poses. Hor areas which have no dry months, like those belonging to Type II cli-~
matic zones, 1t 1s difficult to discern which of the three methods is most
reliable as they are very close in magnitude. The variation between months is
also small. However, an examination of PFT estimates in areas with a distinct
seasonal varlation in rainfall, like those areas belonging to Types I and III
climatic zones, shows a detectable sensitivity to rainfall variations. This is
one of the key factors in determining the crop growing season. In this respect
1t appears that the Perman method followed by Hargreaves is more promising than
Thornthwailte's, which 1s more sensitive to temperature variations.

Also, inferences from PET analysis for stations such as Dumaguete, which
belong to Type III climate, suggest that Thornthwaite's method is not applicable
for the Bicol and Visayas regions. For example, crops can generally be grown

fairly well in Dumaguete. However, 1f we examine the graphical plot of rainfall
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and PET for that station (Figure 4.2) 1t can be seen that at all times PRT esti-
mated by the Thornthwalte method exceeds available rainfall. This would cer-
tainly Indicate that crops cannot be grown successfully in this area. The
average annual PET values indicate that results from Perman's method were
nearest the mean annual rainfall of Dumaguete. It is also apparent here, as in
other areas investigated, that Perman's estimates respond well to rainfall both
in time and in magnitude.

In addition, 1f we consider which of the three methods uses meteorological
variables that determine potential evapotranspiration, the most "appropriate"
method to be used should be that of Perman.

Since the variability of monthly PFT estimates are quite small compared to
the varilability of monthly rainfall, normal monthly PET values can be used in
estimating the soil molsture budget and in climatie diagrams.

C. Climatic Diagrams

Plots of the monthly normal PET values obtained by Perman's method, esti-
mated actual evapotranspiration (AET) from the Palmer Soil Moisture Budget and
mean rainfall at each of the 13 synoptic stations representing the Blcol and
Visayas Reglons are included in the Appendix. The climatic diagram for Daet is
shown in Flgure 4.3. These plots are referred to as climatic diagrams.

The climatlc diagrams i1llustrate the general water supply (precipitation)
and the water demand (AET); hence, general periods of water deficit or water
surplus are indicated. Thils could be made more informative 1if mean soil
molsture estimates are included. Such a diagram can also be made for any par-
tlcular crop by using crop coefficlents. This would be very useful in eva-
luating appropriate cropping patterns in an area. In order to make these user
oriented, several varlatlons could be made in the diagram presented including

the time scale. It could be done on elther a weekly, decadal or bi-monthly
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basis. This would depend on the assessment period that is being followed and
the user's needs.

The climatic diagrams can be used along with other agroclimatic tools to
assess climatic impact on crops or in land-use and water management studies.
For example, the dlagrams camplement agroclimatic crop condition Index models
and statistical crop yield forecast models w+ich are proposed for use in
assessing climate impact on crops. 'There are also many different tools for
application to land and water management problems. For example, the R-Index has
been widely used in land suitability studies. The Moisture Availability Index

(MAI) developed by Hargreaves has been used in land classification studiles.



CHAPTER V
. CLIMATIC IMPACT ASSESSMENT MODELING RESULTS

Climatic impact assessment models developed for Bicol and Visayas Reglons
include: 1) agroclimatic/crop condition indices for rice and maize, 2) statist-
ical climatic/crop yleld forecast models for paddy and annual coconut productior
and 3) soil moisture assessment procedures. These assessment models are based
on relationships which reflect the blological (or agronomic) response of the
crop to moisture and temperature anomalies during the growing season, par-
ticularly during the critical flowering/reproductive crop stages. These models
would provide a firm foundation for assessing climatic impact on crops during
the growing season. However, thorough testing and evaluation of these models
should be done prior to making them operational.

This chapter includes informatiun on the history of crop yleld modeling,
analytic steps for model deveiopment, discussion on the proposed assessment
models for the Ricol and the Visayas Regions and suggestions for test and eval-
uation of the models.

A. Background

During the decade of the 1970's significant advances were made iIn the devel-
omment and application of climatic Impact assessment models for agriculture.
The success of this applied model is associated with the Increased availability
of computers which permitted scientists to develop the models coupled with the
critical need for climate impact information. Decision-makers, planners and
economists have come to recognize that this approach can provide timely,
reliable and yet inexpensive information concerning climatic impact on crop
yields and agricultural production. It has become recognized that these models

can supplement and complement other information sources, e.g., crop information
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sources including farming and marketing reports, probability surveys involving
area frame analysis, census, and demand side economic analysis to estimate pro-
duction, among others.

Models are also being used te provide early warning of potentially
disastrous food shortages resulting from severe drought. For example, the
United Nations, Food and Agricultural Organization (UN/FAQ) and the U.S.
National Oceanic and Atmospheric Administration, National FEnvirormental
Satellite, Data and Information Service are two organizations involved in this
type of effort. The NOAA program provides support to the Office of U.S. Forelgn
Disaster Assistance, fgency for International Development (AID/OFDA).

1. Types of Crop Yield Models

There are essentially three types of crop yield models: statisticai
climate/crop yleld models, agroclimatic/crop condition index models and phen-
ologic or "rrocess" models.

The stalistical model is based on miltiple linear regression analysis
using historic climatic data and crop yleld. These models provide absolute
yleld forecasts. Statistical models have been developed or at least attempted
for many regions in the world, particularly major grain producing areas. Some
of the crops modeled include wheat, corn, barley, soybeans, sorghum/millet, rice,
cotton, sunflower, flax, groundnuts, sesame, sugarcane, oil palm and others.

The second type of model is the agroclimatic/crop condition index based on
historic climatic data. This approach has become Increasingly popular for
drought early warning assessments, to assess crop conditions and to obtain rela-
five crop yleld information. The index is bhased on an agroclimatlc variable
such as cumulative precipitation, PET, ART/PET, and/or soil moisture, which is
directly assoclated with the year-to-year variations in crop yleld. The index
provides a measure of climatic impact on the crop, particularly in drought

impact assessment.
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The agrociimatic variable on which the index is based could be viewed as
that predictor variable which would produce a statistically significant
regression model, if reliable yleld data were available. The choice of the
proper agroclimatic variable can be determined by: 1) knowledge of those
climatic conditions which determine yield in production regions where crops are
rainfed, 2) information on the appropriate variables determined by regression
analysis for similar regions and 3) eplsodic event data on the historical causes
(both weather and non-weather factors) of crop failures or bumper crops. For
example, published reports, newspaper articles, discussions with farmers and
other sources of information can be used to assemble these qualitative accounts
for many different years. Espisodic 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. The values of the index are entirely relative and can be expressed in
raw numbers, percent of normal, percent of some base year, percentiles, standard
deviations, etc. Episodic reports on the failure of crops due to drought may
suggest for example, that "historically crop fallure 1s associated :.:ith index
values which are below the 20th percentile or equivalently 60 percent of
normal."

2. Applications

The statistical crop models and the agroclimatic/crop condition index models
which were developed are primarily drought impact miodels. Fxcessive moisture or
flooding conditions are usually quite difficult to model. However, a skilled
analyst can use the models to provide very useful crop yield information. The
capabilities (when the model works) of the model must be considered when

Interpreting the output of the model.
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Statistical climate/crop yleld models can be used for other applications.
For example, long-term records of climatic data can be used to simulate yleld
beyond the period of record for observed yleld data. Yield 1s an integrator of
climate and the model converts climate data into simulated yleld. Simulated
ylelds can be used to determine the risk of crop fallure, estimate probabilities
of crop faillure (2 or 3 consecutive years, etc.), estimate various probabilities
for simultaneous cro; failure in two or more regions and in the analysis of cli-
matic trend. For example, an often overlooked fact 1s that trends in yield or
production can also be associated with long-term trends in rainfall. .3ometimes
trend In yleld due to climate trend can also be assoclated with trend in ylelA
due to Improved technology or decreased soil fertility.

Steyaert, Ravelo and Achutuni (1979) used a statistical crop yield model to
investigate the vulnerability of maize tQ drought in Haitl due to sotl erosion.
They found that soll erosion (associated with deforestation) ard the reduced
water holding capacity of the soll resulted in increased vulnerability of corn
to drought, l.e., shallow solls cannot store enough water to carry the crop
through dry spells.

Crop yleld models can be important tools for land use studies or analysis of
Impact of climatic change. (What happens to yleld if rainfall decreases by 50
percent?) The models can increas: awareness and knowledge about those climatic
conditions which affect yileld. Flnaily, the models can in some cases be used as
a basis for farmers advisories, e.g., recommended planting date, irrigation
scheduling and fertilizer applications (Steyaert et al, 1981).

B. Analytic Steps to Development of Statistical Models

Year-to-year changce In crop yleld can be caused by weather events

(typhoons, floods, ete.), climate (drought, anomalously "wet" years, low sclar

radlation, ete.), management decisions (planting date, weed and pest control,
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water control, etc.), and/or technology (variety, fertilizers .nd pesticide
applications, irrigation, etec.). These factors plus the soll determine the
potential yleld. Trends in yield can be associated with either changes in tech-
nology (e.g., increased technology impact each year), trend in climate or both.

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

The first requirement is to assemble the available data and thoroughly per-
form quality control checks. The reliability and adequacy of meteorological and
yield data must be determined.

The modeler must become very familiar with agricultural practices and the
factors which cause yield variability. The candidate predictor variables, role
of technology and significance of decadal, monthly or seasonal predictor
varliables must be determined.

In the traditional statistical climate/crop yield models, the basic predic-
tor variables are monthly precipitation, temperature or derived indices (such as
PET, YMI and GMI). If technology has caused a time trend in yleld, a time (or
year) term has traditionally been used as a surrogate variable for technology.
The time trend variable can be included as a predictor variable in the model
development.

Scatter dilagrams and linear correlations are used to select preliminary pre-
dictor varlablas which must be statistically related to yleld as.well as biolog-
lcally related to crop. Linear regression analysis 1is used to develop the
model. The final models must be tested and evaluated for calibration and for
further improvement.

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

models include:
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Disadvantages

1.

2.

They use a fixed crop calendar, l.e., 1t is assumed that the crop
stages occur at the same time each year. Therefore, if a delay in
planting occurs, the model may not be able to respond.

Monthly data are often used. Crops are also responsive to more fre-
quent changes 1n the weather or climate.

Shorter period weather phenomena, especially eplsodes such as extreme
temperatures, high winds, floodings, or typhoons cannot be modeled
well,

Fpisodes usually do not occur frequently enough to do a quantitative
analysis.

Regression models tend to predict "close to the mean yield" and do not
predict extremes very well. The models should not be used to predict
Independently outside of the range data used to build the model.

The models use a linear time trend as a surrogate to technology. If
not objectively specified, the trend term can be very misleading in the
development and use of the model. Linear trend is used because the
technology data are generally not available or are of low qualivy.
Furthermore no one has devised an operational statistical model based
on combined weather and technology data.

Further climate/crop relationships may change from historical rela-
tionships used to develop the model. For example, varieties could
change such as traditlonal varieties to high ylelding varieties. The

climatic responses could be different.
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Advantages
1. These models are based on the statistical/agronomic/physical sig-

nificance between the climatic data and crop yleld data. Physical
slgnificance means that any weather or climatic variable used in the
model has a high degree of biologlcal relationship with known effect on
the crop.

2. Models represent straightforward relationships that make minimal assump-
tions and permit the yleld data and climatic data to define the model
according to historical interrelationships. They make the maximum use

of hlstorical climate data and yleld which 1s an integrator of climate.

3. The models are inexpensive to operate and can produce useful infor-
mation, particularly if they are evaluated according to strengths and
weaknesses along with other crop yleld or crop condition forecast
procedures, e.g., index mcdéls.

C. Agroclimatic/Crop Condition Indices

Agroclimatic crop condition indices based on the Generalized Monsoon Index
(GMI) and Yield Moisture Index (YMI) were developed for assessing drought
impact. The YMI for malze and rice and the GMI were calculated for each of the
13 synoptic stations representing the Bicol and Visayas Regions. Both indices
will be used in preparing climatic impact assessments. Fach index is described
below.

The monthly rainfall data (P1=Jan, P2=Feb, etc.) for 1979 and the associated
sample means from the period of record (NPl=Jan, NP2=Fei, etc.) at the meteor—
ological stations for 1976 are indicated in Table 5.1. These data are also
listed by station (1950-1981) and used to develop the agroclimatic indices.
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1. Generalized Monsoon Indices

Two types of GMI's were developed; the GMI for the southwest monsoon and the
GMI for the northeast monsoon. The southwest monsoon GMI is based on June
through September monthly precipitation data. The welghts for each month are
0.15 for June, 0.25 for July, 0.40 for August and 0.Z0 for September. The index
1s accumulated for each month. Assessments are made at the end of each month.

The northeast GMI is based on the monthly precipitation from October through
Januwary. The weights for each month are 0.15 for October, 0.30 for November,
0.30 for December and 0.25 for January. The index is similarly accunulated at
the end of each month.

Table 5.2 shows the normal values, the percentages of normal and percentile
ranking of the monthly accumulated GMI for each year at Daet. The GMI 1is
expressed in millimeters at the end of each time period (GMI_P6, GMI6 7,

GMI6_8, and GMI6_9) for the southwest monsoon GMI. The normal (GMI values for
each perlod represented by NGMI Pf at the end of June, NGMIS_] at the end of
July, etc., are indicated. The percent normal GMI tfor each period 1s expressed
as PNGMI_P6 for June, PNGMI6 7 for July and so forth, while the percentile
variable is PLGMI_P6 for June, PLGMI6 7 for July. -tc.

The GMI was expressed in percentiles at the end of each accurulation (end
of June, end of July, etc.,). It was then plotted for each synoptic station as
a tlme serles for the period of record since 1951 (separate Appendix). For
example, the GMI percentlles at the end of June, July, August and September for
Cebu in the Central Visayas Region are shown in Figure 5.1. The GMI for each
accumulation is below the 20th percentile during 1968 and 1972. This implies
drought conditions during the growing seasons in these years. It is interesting
to note that some of the features in the variations of the GMI's are cammon at a

number of stations. This would also suggest the spatial extent of the climatic
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event. Fpisodic event data can be used to verify these conditions and possibly

Interpret the index according to crop impact. The GMI is primarily designed to

assess drought impact. However, GMI values above the 80-90th percentiles may be
indicative of flooding conditions. These also need to be verified.

The preliminary criteria for the critical thresholds to interpret the GMI
could be: 1) 90-100th percentile range for possible excessive moisture; 2)
60~90t percentile range for possible above normal crops, 3) 40-A0th percentile
range for normal crops, 4) 30-40th percentile range for moderate drought impact
on crops, 5) 20-30th percentile range for drought impact on crops and 6)
somewhere in the 0-20th percentile range for severe drought Impact indicating
crop fallure.

2. Yield Moisture Index (YMI)

The YMI was determined for maize and rice using crop calendar information,
estimated crop coefficients and monthly rainfall data from the 13 synoptic
weather stations in the Bicol and Visayas Resions. YMI for other crops can also
be computed, particularly those susceptible to drought. AISC has usually
defined the YMI for short-cycle crops such as rice, maize, beans, sorghum and
millet that are vulnerable to drought. Lorg-cycle, drought resistant crops such
as cassava and cow peas are not easily assessed »y this index technique.

The YMI is analogous to the GMI; however, the YMI is crop specific whereas
the GMI pertalns %o general crop conditions for crops planted at the beginning
of the southwest or northeast monsoons and dependent on the monsoon for growing
season rainfall.

3. YMI/Maize

The YMI for malze was defined by the estimated crop coefficient at each crop

stage and the corresponding monthly precipitation. The cropp*.g calendars in

the Bicol and Visayas Regions, discussed earlier, are determined from agroclimat—
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lc zones. There are four agroclimatic zones in the study area, hence there are
four crop calendars for malze for each dry and wet season crop. The preliminary
crop coefflclents for each crop stage are 0.65 for planting, 1.05 for vegetative
growth and 0.75 for floweling/reproductive (Table 5.3a). The YMI is accumilated
at the end of each stage. Results of the camputations for each of the 13 synop-
tic stations are shown in the Appendix. Table 5.3b shows the YMI for maize at
Cebu (1951-1979). The index 1s expressed in millimeters at the end of planting
(YMI_5), vegetative (YMI 6) and flowering (YMI 7). "Normal" (or sample mean)
values of the YMI determined from the period of record at each station are indi-
cated, e.g., NYMI 5 at planting. The percent of normal values (PNYMI_5 at the
end of planting, etc.) are indicated. The percentile value for each crop stage
are provided (e.g., PLYMI 5 for planting). e index value and its relationship
to potentlal drought impact on the crop becomes more reliable at the end of
flowering.

In the percentile ranking graphical plot, for example in Cebu (Figure 5.2)
for wet season malze, the months considered for YMI computations are May
(planting), June (vegetative growth) and July (flowering/reproductive growth).
These are plotted as 5, 6, and 7, respectively. In 1969 and 1972, the accumu-
lated percentile ranking at all levels (5,6, and 7) are below 20th percentile.
These suggest drought conditions during those years for the wet season maize in
Cebu.

4. YMI/Rice

An approach similar to YMI/Maize was used in the determination of YMI/Rice.
The computation was mainly based on the crop coefficents at different growth
stages and cropping calendars at respective stations. The crop coefficlents
used for rice at the planting stage 1s 0.85, vegetative growth 0.95,

flowering/reproductive stage 1.05, and maturity stage 0.95 (Table 5.3a). The



Table 5.3a: Estimated Crop Coefficients Used in Defining the Yield

89

Moisture Index for Rice and Maize Crops in the Bicol
and Visayas Regions.

CROP COEFFICIENTS (KC)
CROP SEASON
LATE
PLANTING | VEGETATIVE | VEGETATIVE | FLOWERING | MATURITY

RICE | LOWLAND FIRST .85(T) .95 —— 1.05 .95
RICE | LOWLAND SECOND | .85(T) .95 1.05 .95 .90
RICE | UPLAND .85 .95 —— 1.05 .95
MATZE| DRY .65 1.05 ————— .75 —
MATZE| WET .65 1.05 —— .75 ——

T=Transplanting
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results of the YMI computations for each of the 13 stations are shown in the
Appendix. Table 5.4 and Figure 5.3 show the YMI computations and the YMI
plotted in percentiles, respectively, for the lowland first rice crop at Daet in
the Bleol region. Table 5.5 shows the YMI for this crop at all stations during
1975.

In the YMI lowland first rice crop (Table 5.4) the YMI at end of planting
(June) 1is presented as YMI_ﬁ; end of vegetative growth YMI 7, etc.; normal YMI
at end of planting NYMI 6; end of vegetative growth NYMI 6 etc.; percentage of
normal YMI at end of each stage 1s presented as PNYMI (6,7,8 or 9); and percen-
tile ranking YMI at the end of each stage 1s presented as PLYMI (6,7,8 or 9).
Essentially the analysis and evaluation of the YMI/Rice 1is the same as for
YMI/Malze.

D. Soil Molsture Assessments

The Palmer two-layer soll molsture budget model was used to estimate soil
molsture at the 13 stations in the study area. The Perman method was used to
estimite normal PET for input in the monthly soil moisture budget. The Appendix
contains the results of thls analysis and 'fable 5.6 shows the soil moisture
budget for Naet.

The R-Index (AFT/PET), Soil Moisture Index (SMI) and the Palmer Drought
Index (PDI) were also calculated at these 13 stations in the Philippines.
However, test and evaluation must be performed. Specifically, this analysis
assumes a maximum available water capacity (AWC) of 100.4 mm in the soil profile.
The implications must be carefully evaluated. Figure 5.4 shows the PDI for Daet.
E. Statistical Climate/Crop Yield Forecast Models

Preliminary statistical climate/crop yleld models were developed for the
first and second lowland paddy crops in the Bicol Reglon of the Philippines.

These models require testing prior to operational use. Testing should include
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TABLE 5.6 Soil Moisture Budget for Daet.



XMOL— < —{— YrM«myn

XMO L= <X—4—OM<<IMiWnN

>+S,0 :
s4.,0 +
+3.0 »
+2.0 +
s1.0 +

0.0 +
-1.0 +
-2.0 +
-3.0 +
-4.0 +
<=5.0 +

FIGURE 5.4

PALMER DROUGHT INDEX FOR DAET

Palmer Drought Index

w

N NN

Plots for Daet

(1970 - 1978)

Z
Ll +1 ¢ 1 +1 e +e e+ +1¢1 1

EXTREMILY WET
VERY WZT
MONIRATELY WET

DROUGHT
HT

MONZRATE DROUGHT
SEVERE DRQUGHT
EXTSEMEZ DROUGHT

EXTREMELY WET
VEoY WET
MONERATELY WET

Oz

LInOg-

DZVZ <
—x—

AL
DROIGHT
UGHT

MONSRATE DROUGHT
SEVERE DROUGHT
EXTYEMI OROUGHT

L6



98

evaluation of independent predictions for years not in the data base. The pre-
dictor variables in the models should be validated to ensure that they are
blologically related to the crop and reflect vulnerability of the crop to cli-
mate anomalies which lead to yleld losses.

Statistical climate/crop yleld models for coconuts in the Western Visayas
Region were attempted, but without success. Problems with the continous hapr-
vesting of nuts combined with annual yield statistics resulted in correlations
that were not very meaningful.

Monthly precipitation and temperature are the basin meteorological predic-
tor variables used in developing the linear regression models for the first and
second lowland rice crops for the Bicol Region and for coconut in the Western
Visayas Region. Linear time trend is used as a surrogate for technology factors
such as fertilizer application, crop management practices, high yielding
varleties, etc., and, therefore, incorporated in the regression analysis.

The basic form of the equation is,

A 1
Y=a+bTREND + ¥ c Xy

i=1
where:
A
Y = the predicted yield,
a = the regression constant (i.e., intercept),
b = the estimated regression coefficient for TREND, and
¢y = the ith estimated regression coefficient for the nth

meteorological variable Xy, 1 = 1,...N,
Paddy Yield Models

The lowland first paddy (unhusked rice) crop is generally planted from
April-June and harvested during August-October. On the other hand, the lowland
sceond paddy crop 1s planted from October-December and harvested during

February-April.
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Input data for the two paddy models are shown in Mables 5.7a and 5.7b.
Correlations between yleld versus weather, detrended yleld versus weather and
year versus weather variables are shown in Tables 5.8a and 5.8b for the first and
second lowland paddy crop, respectively. As both crops exhibited a significant
trend in the yleld data, detrended yield versus weather correlations were used
in the selectlon of variables for the candidate models.

The lowland first paddy yleld model for the Bicol Region was developed on 14
years of data (1964-1977) and is glven by

Q = 1.09 + .03 TRENDX + .0005 LP10_11
where:
%fthe predicted yleld (mt/ha),

TRENDX = linear trend (1964=1, 1065=2,...,1977=14), and

LP10_11= previous October through November rainfall (mm).

Thls preseason model has an R-square value of 58 percent and a standard
error of estimate of 0.17 metric tons per hectare as shown in Table 5.9a. The
variance in yield explained by trend alone is 29 percent. The model fit is
shown plotted in Figure 5.5.

The full-season model for lowland first crop includes an additional
varlable, P5 7, forced into the model to reflect growing season molsture availa-
bility (Table 5.9b). The model fit is shown plotted in Flgure 5.6.

The lowland second paddy crop yleld model for the Ricol Region was developed

on 18 years of data (1960-1977) and is glven by:

A
Y =5.35 to .05 TRENDX -~ 0.16 To

where:

TRENDX = linear time trend (1960=1, 1961=2,..., 1971=12,..., 1977=12) and

February temperature (°C).

_{)ﬂ
1
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TABLE 5.7a Input Data for Modeling the Lowland Fir
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Input Data for Modeling the Lowland First Paddy Crop (continued)
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TABLE 5.7b Input Data for Modeling the Lowland Second Paddy crop (continued)
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TABLE 5.7b Input Data for Modeling the Lowland Second Paddy Crop (continued)
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TABLE 5.8b Yield-Weather Correlations for the Lowland Second Paddy Crop in the
Bicol Region (continued).
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MODEL ¢ MODELO1 ng
DEP VAR: YIELUD MSE

PARAMETER
VARIABLE DF ESTIMATE
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TRENDX 1 0,026618
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TABLE 5.9a Regression Analysis for Lowland First Paddy Crop (Model 1) in Bicol.
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TABLE 5.9b Regression Analysis for Lowland First Paddy Crop (Model 2) in Bicol.

MODEL 3 MODELO1 8?%
DEP VAR: YIELD MSE

PARAMETER
VARIABLE DF ESTIMATE
INTERCEPT 1 5.351872
TRENDX 1 6.,053005
T2 1 -0.161077

0.402513
15
0.,026341

STAMDARD
ERROX
2.167
0 10
82
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£ 0
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F RATIO 6.05
PROHG>F v,0129
R-SQUARE UebB446
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2.2877 V.0452
1.8300 V.0972
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F RATIO 19,15
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R-SQUARE U.7186
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2.4687 © 0.026)
5,00R3 v,0002
~1,9419 v.0712

TABLE 5.9c Regression Analysis for Lowland Second Paddy Crop (Model 1) in Bicol.
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The model has an R-square value of 72 percent and a standard error esti-
mate of 0.16 metric tons per hectare as shown in Table 5.9c. Trend alone
explains nearly 5 percent of the variability in yield. The only weather
variable appearing in the model 1s February temperature and results from this
model should be interpreted with caution. The model fit is shown plotted in

Figures 5.7.
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CHAPTFR VI
ASSESSMENT PROCEDURES

This chapter describes the structure of climatic impact assessments, the
types of assessments proposed for the Bicol and Visayas Reglons, the agro-
climatic models, display of the data, steps in making an assessment and comments
on user Interpretation of assessments. Test and evaluation procedures for the
period May-october 1983 are discussed.

A. Definitlion and Assessment Format
1. Definition

The climatic Impact assessment 1s a concise statement which provides deci-
sion makers with quantified information on the current or potential effect of
climate and weather variability on some aspect of soclo-economic activity.
Assessments could address agriculture and food securlty, as discussed in this
study, and other economic sectors (e.g., fisheries, energy, transportation,
construction, health, etc.). The assessment provides decision makers with
needed information on climate impact, one of the many factors which influences
policy and economic planning. Assessments represent a method for converting
meteorological data into economic information. This process can be viewed as a
means for interdisciplinary comrmunication and in many cases promote interagency
dialogue.

The meteorclogist 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 nolicy analysts, agricultural statisticians,
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 economist involved in the crop production

and yleld forecast problem can combine the assessment with analysis from

area farm survey results, crop cutting reports, farmers reports and other data
sources.

There are no fixed rule: or preparing an assessment and it is very Impor-
tant to adapt the assessment to individual user needs. However, the following
basic structure is recommended.

2. Format

Te format for an assessment includes the following sequential statements:
1) TImpact, 2) Perspective, 3) Model Results, 4) Weather Analysis and §)

Support Information. Only information and data relevant to the impact are used
in statements 2 through 5. These justify the Impact statement.

Impact

This is the statement which directly cammunicates needed information to the
decision maker. The terminology 1is strictly associated with the user's
discipline. Preparing the impact statement is the most difficult task of the
assessor. It must be objective and clearly stated.

Some example statements could include: 1) there will be a crop failure in
Region X due to drought, 2) crop conditions are very poor in Region X and poten-
tially represent the worst case of crop failure in the last 10 years, 3) there
1s the potential for lsolated food shortages in Regicn X due to severe drought s
or 4) agricultural crops are in very good condition and the prospects for this
year's harvest are exceptionally good. If abnormal rainfall was a problem in
the early part of the growing season, the impact statement could be, "farmers
probably could not plant" or "planting was delayed due to a delayed rainy season
(heavy rains)" etc. The impact of typhoons and tropical stormms should be

discussed, as appropriate.



The Impact statement dces not include any technical discussion of meteor-
ological events or data. These are described in subsequent portions of the
assessment.

Perspective Statement

The perspective statement can Le used to qualify the Impact by describing
the expected scope and magnitude of the potential problem. For example, the
statement that a maize crop failure is likely in Region X could be followed by a
statement which describes the favorable situation at other locations wlthin
Reglon X or other regions in the country. Another example 1s, "thls 1is the
worst drought in the past 30 years" or "the typhoon damage is canparable to
that in 1981 ." The declsion maker is provided with information on, "how large
1s the expected problem."

Model Results

The perspective statement is followed by a discussion which lists the quan-
titatlve results from the assessment models. The model could be a drought ¢ *
crop condition index, a statistical crop yleld model or soil molsvure infor-
mation. The model output 1s presented as a percent of normal or percentile rank.
For example, the statement could be, "Agroclimatic/crop conditicn indices are 60
percent of normal which 1s below the 20th percentile", or '""he southwest monsoon
index 1s at the 5th percentile which has a probability of occurrence of about
one chance in 20." Declsion makers frequently find it useful to know how this
year's Information compared to last year (e.g., as a percent of last year) or by
also listing recent good (poor) years which are comparable. For example, an
assessment of crop ccnditions made at the end of August and describing con-

itlons as bad or worse than conditions in the Philippines during a recent

drought year would be well understood by users.
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Weather Analysis

The weather analysis section describes the weather and climatic conditions
which were assoclated with the impact. Only relevant information and data are
provided. Information such as seasonal rainfall amount, August rainfall, trop-
lcal storm conditions, etec., are provided. Statements on the behavior of the
monsoon (erratlc, late arrival, early retreat, etc.,) are included. This 1s the
classical weather description.

Support Information

The very last portion of the asuessment 1is optional and provides reliable
support statements taken from secondary sources of information. For example,
reports frcm the fleld would be appropriate. Mews media accounts are generally
not recommerded.

B. Types of Assessments for the Bicol and Visaysas Regions

This study developed three types of assessments including: 1) Drought
Early Warning (GMI), 2) Agricultural Crop Condition (YMI) and 3) Weather
Advisories for the Extension Service (Soil Moisture). Depending on the user's
requirements, the drought early warning and crop condition assessments can be
combined into one report. ™e advisory assessment for the extension service
should provide weather analysis in great detail and considerable Information
and data on soll moisture. A table providing soil moisture estimates for each
month could be included. The specific requirements and format desired by users
must be obtained.

C. Frequency for Making Assessments

T™e models developed In this study use monthly meteorological data; there-
fore, primary assessments are made within about 5 days after end of each month
during the growing season. However, update assessments providing current
weather and other qualitative information can also be provided each week or

every two weeks. These help the user maintain continuity.
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Frequently, users require special assessment reports which elaborate on the
potential impact problems. These could be 5-10 page reports.

Assessment models could be developed from decadal meteorological data (e.g.,
10 day total rainfall) and assessments made every 10 days.

D. Assessment Models

Primary

The primary assessment models to be tested include the Generalized Monsoon
Index (GMI) for southwest and northeast rainy seasons, the Yield Moisture Index
(YMI) defined for rainy season maize and rice, monthly soil moisture estimates
determined from the Palmer two-layer model and preliminary statistical
climate/crop yleld models for main rice =1d maize crops.

The historic indices have been sumarized in canputerized tables and time-
serles plots for each statlon in the Philippines (see Chapter V for examples).
The index 1s listed for each year and assessment period (GMI: Table 5.2 and
Figure 5.1; YMI: Tables 5.36 and 5.2). Indices are expressed in raw numerical
form as well as percent normal and percentile rank. Percentile ranks range from
zero to 100. Each table can be used as a worksheet to compute real-time index
values for the current year (1982, 1983, etc.). Current year index values can
also be placed on the time-series plots for analysis. The tables and graphs
permlt the assessor to easily make comparisons with previous index years.

Each index has also been summarized in tables which provide Index values for
each location but for a specific year. This is useful in performing a spatial
analysis.

Soll moisture tables provide monthly molsture estimates for each layer in

the soll (see Table 5.6).
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Secondary models

The climatic diagram and the Palmer Drought Index (PDI) are very Iimportant
secondary assessment tools. The climatic diagram can be determined from the
goll moisture budget tables; however, the PDI (Figure 5.4) 1s usually calculated
on a computer. -

The cllmatic dlagram can be presented in either table or graphic format. It
1s very useful as a tool to analyze conditions during the progress or the crop
season.

The extenslon service and other users may be interested in recelving this
information as a regular assessment product. Variables would ‘nclude monthly
rainfall, normal Potentlal Evapotranspiration (PET), Actual E/apotranspiration
(AET), Soil Moisture (SM) and runoff. Rainfall or soll mo*sture normals could
also be added.

It 1s also possible to define normal PET values for 10 day periods within
each month. These can be used with real-time, decadal rainfall to provide the
climatic dlagram assessment every i0 days. Dally assessments can also be devel-
oped. For example, NOAA/AISC converts monthly rainfall normals into daily
normals. This same process could he used with PET.

E. Display of Data

In addition to the tables and graphs discussed ahove for the index models
and climatic diagram, there are other useful ways to display the data for
enhanced analysis. For example, it is useful to prepare station location maps
for the Bicol and Visayas Reglons and to spatially analyze rainfall data and
index values. Rainfall data can be plotted as a percent of normal for indiv-
idual months or the growing season. Cumulative rainfal during the growlng season

can be displayed on a graph which also shows the normal cumulative rainfall.
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F. Steps for Preparing Assessments
Some of the suggested procedural steps for preparation of an assessment
include:
1) Obtain monthly rainfall data for the assessment stations and conduct P
quality control. Perform a spatial analysis.
2) FEnter the rainfall data into the tables for the GMI, ¥YMI and Soil
Moisture.
3) Calculate the raw values for the GMI and YMI for the assessment period,
as appropriate.
4) Calculate soll moisture, AET, etc.
5) Use the historic index tables to calculate percent of normal (YMI & GMI)
and interpolate the percentile rank from the tables.
f) Plot the GMI and YMI percentile rank on the historlc time-series plots.
7) Determine climatic dlagrams for the current year.
8) Prepare maps which indicate the spatial variabllity of rainfall (percent
normal) and indices (percentile rank).
9) Prepare the assessment using the above results and in the recommended
format as outlined above, and
10) Obtain approval for the assessment ard distribute to users in the
Minlstry of Agriculture and others, as appropriate.
G. Comments on Interpretation of Assessments by Users
The assessment should be viewed as an additional source of information that
is available for making decisions on drought early warning, crop condition anal-
yses and extenslon services. The assessment only provides information in
potential or actual climatic impact. It does not consider the many other fac-
tors, for example, which could cause crop yield variability. These may Iinclude

changes in planted area, fertilizer and pesticide applications, varietles and
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othef management declslons, crop losses due to pests are not assessed. The
assessment is most reliable for potential drought impact, not flooding damage or
other extreme weather events.

Drought impact can be reliably assessed by about 30 days before the crop
harvest. This may represent as much as 3-6 months lead-time before econamic
impacts.

H. Comments on Test and Fvaluation

It is proposed that the assessment models be tested and evaluated on the
1983 southwest monsoon season. Test assessments would be prepared at the end of
May, June, July, August, September and October. These would be provided to users.

The purpose of this test perlod 1s to evaluate the models, learn how to
Interpret them, galn experience in preparing the assessment and to establish a
dlalogue with users. The users needs must be determined and their comments are

very necessary.



CHAPTER VII
RECOMMENDATIONS FOR PROGRAM IMPLEMENTATION
AND FUTURE WORK IN THE PHILIPPINES
The proposed program on agroclimatic assessments for pélicy decision making,
economic planning and agricultural development in the Philippines 1s a multi-
disciplinary activity in which the following agencles and organizations could
participate:

1. Philippine Atmospheric Geophysical and Astronomical Services
Administration (PAGASA)

2. Bureau of Agricultural Economics (BAEcon)

3. Bureau of Soils (BS)

4, Bureau of Plant Industry (BPI)

5. National Food Autiority (NFA)

6. National Fconomic Development Administration (NEDA)
7. Bureau ~f Agricultural Extension (BAE)

8. Ministry of Agriculture (MA)

9. Ministry of Human Settlements (MHS)

10. Philippine Council for Agricultural Research and Resource
Development (PCARRD)

Technical cooperation and assistance may be requested from forelgn and
International organizations such as the Food and Agricultural Organization
(FAQ), World Meteorological Organization (WMO), Tnited States Agency for
International Development (USAID) and the U.S. National Oceanic and Atmospheric
Administration, National Envirormental Data and Information Service, Assessment
and Information Services Center, Climate Impact Assessment Division - Models
Branch (NOAA/NESDIS/AISC/CIAD-MB) together with Atmospheric Science Department,

University of Missouri, both in Columbia, Missouri.
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The implementation of the proposed program is basically composed of four

phases as described below.

A. Phase I: Agroclimatic Assessment Orlentation Program

Thls phase was sponsored by AID/OFDA through NOAA/AID agreements and

conducted by NOAA's Assessment and Information Services Center (AISC, formerly

CEAS), VWashington, D.C. at AISC's Models Branch, Columbla, Missourli in coopera-

tion vith the Atmospheric Scilence Department, University of Missouri, Columbia,

Missouri. The

1) To

objectlves of this six-week orientation program were:

obtain an understanding of the potential contribution that

agroclimatic assessments can make:

0

2) To

for improved drought/disaster prepardeness and national food
securlty through drought early warning and crop condition
assessments,

to improve national economic planning through the above
assessments,

for a more effective use of national resources, and

for the effective use of improved agricultural technologiles.
develop agroclimatic models and agroclimatic assessments for:
evaluation of water supply to crops and assessment of water
avallability and soll moisture,

development of agroclimatic indices to assess drought and crop
conditions,

application of agroclimatic data and indices to assess climate
impact on crops to support BAEcon's crop forecast program, and
use of agroclimatic data in land and water resource management

studles for agricultural planning and rural development.
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3) To understand derivation and use of mathematical models which
simulate crop response from climatic data through
o statistical models,
0 agroclimatic index models, and
o other models.
U) To learn how to prepare meaningful assessment statements based on:
o the users in goverrment and their specific requirements,
o scientific analysis of agroclimatic data, and
o0 the use of remotely sensed information in assessments.

This initlal phase of the program has been accomplished. This report on
agroclimatic assessment techniques for the Bicol and Visavas Reglons documents
the Orilentation Program.

B. Phase II - Test and Evaluation of the Models

Before the agrcclimatic models and indices developed for the Bicol and
Visayas Reglons can be used for operational climatic Impact assessments on crop
conditlons they must be tested and evaluated. The agroclimatic/crop condition
indices should be calibrated to determine the critical index values associated
with weather condition impact. Statistical crop/yield models should be tested
for reliahility, generallty and sensitivity using future and other agroncmic and
weather data not used in the development of the models. This test and eval-
uation of the mndels will be based on test assessments issued to users during
the 1983 crop growing season and should include:

o decadal and montly weather analysis plus monthly crop condition
assessments for the reglons,

o drought/early warning assessments,

0 special assessments on the magnitucde and extent of weather impact
for agencies and organizations involved in providing disaster relief.

Timeliness in providing this information is of the utmost importance.
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A report on the test and evaluation will be prepared. This will provide the
decision-makers with information on the capabilities and limitations of the pro-
posed early warning assessment program for the Bicol and Visayas Regions. The
report shall also contain recommendations for development of the same early
warning program for other administrative regions in the Philippines after which
this program will be on the national level. These recormendations shall be
addressed to all concerned cooperators Including economic planners and policy-
makers.

The implementation of this phase within PAGASA shall be carried out primarly
by the Data Applications Center with the support of the Agricultural Meteorology
Division which will ultimately handle the operations of this activity in line
with its program on advisory services for agriculture.

C. Phase III - Development of National Early Warning, Assessment Program

Having developed and made operational the pilot early warning assessment
program for the Bicol and Visayas Regions, it is hoped that a similar program
can be carried out on the national level.

Simultaneous to the operations of the pilot early warning assessment
program, similar processes to those of the pilot project shall be made for the
other remaining administrative regions, including test and evaluation.

D. Phase IV: Operational Implementation of the National Farly Warning

Assessment Program

This 1s the last stage of the proposed Farly Warning Assessment Program in
the Philippines. Tt is envisioned that this operational early warning system
can provide decision-makers and planners with needed information to improve
short and long-term decisions involving economic plans, agricultural development

and food security in the Philippines.
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The development and operational implementation of the proposed National

Farly Warning Assessment Program is by its nature a muiti-disciplinary team

effort. Such activities can be made successful by taking into consideration

certain important requirements towards this end. It is recormended that the

following requirements and strategies be served:

o

Continuously developing an agrometeorological data base while
Improving and making maximum use of the existing rainfall station
network.

Improving the network of agrometeorological stations; each agro-
climatic zone must be well represented.

Making phenological observations on the main crops in each agrocli-
mir’c zone; this will be very useful in updating or establishing
crop calendars for earh zone.

Conducting crop-weather studies for loval conditions to improve on
the existing climate/crop condition assessment models.

Neveloplng agroclimatic zones based on major crops; in the
Philippines, for example, rice or corn based agroclimatic zones.
This wlll facilitate and improve assessments of climate impact on
agricultural crops and long-term land utilization planning.
Improving knowledge of local agricultural practices; this is an
Important input for modeling and testing of models.

Standardizing the sampling techniques on agricultural data collec-
tion. Agricultural data at the provincial level for each region is
highly desireable for improvement of assessments.

Fxpanding computer facilitles to improve the assaessment process.
Incorporating Information from meteorological satellites to develop

tools for Improving the assessment program.
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0 Enhancing linkages and dialogue between and among different
disciplines of meteorologists, agriculturalists, soclo-economic
sclentists, and policy and decision-makers in the implementation of
this collaborative effort.

0 Improving comunication systems for quick data collection and timely
dissemination of assessments and advisories and end-users.

o Continuing this training/technology transfer process towards a
natlional assessment capabi’.ity.

E. Concluding Remark

This study represents a good beginning. Policy makers, economists, stat-
1sticlans, extension officials, soll scientist and other users 1n goverrment can
be provided with timely, reliable information on potential or existing climatic
Impact in agriculture. The system of drought early warning and agroclimatic/
crop condition assessments can provide highly useful information 30 days before
the crops are harvested. This can mean up to a 3-6 month lead-time before
economic impacts occur. Disaster preparedness and food security programs can be

improved.
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