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CLASSIFICATION OF PHILIPPINE R '.NFALL PATTERNS' 

ABSTRACT 

Climatic classification is useful to agriculturalists because it aids in determining 
crop adaptation. ' wo contrasting types of classifications can be envisioned: in a 
natural classification, the pattern of differences among climatic classes forms the 
hasis for assigningclimatic stations to climatic classes; in a technical classification, 
class criteria are established at levels critical for crop performance.

Mathematical classification methods can examine patterns among many attri
bu tes over numerous rainfall records. This is considered a natural classification. 
In this study, the primary objective was to compare classifications derived from 
two mathematical taxonomic algorithms and one technical classification. Another 
objective was to derive a natural classification system, using differences among
rainfall patterns revealed by mathematical classifications. This study used mean 
monthly rainfall (RR) and standard deviations (LS) determined from long-term 
records of 100 Philippine rainfall stations. 

The comparisons showed little correspondence between technically determined 
classes and mathematically determined ones. Furthermore, variability within 
classes determined by technical criteria was greater than within classes deter
mined by either of two mathematical algorithms. This greater variability is 
undesirable. 

In the comparison between two mathematical algorithms, the algorithm that 
used a minimum increase in the sum of squares to join cluster pairs as the ftsion 
criterion was regarded as superior to the algorithm that used the minimum cf the 
maximum distances between the furthest neighbors in cluster pairs. The superior
algorithm formed clusters averaging less within-class variance, left fewer un
classified stations, and produced more multimnember classes with more even 
membership. 

Including LS in the mathematical classification had little apparent effect on 
class different;ation. Factor analysis showed that RR and LS were highly cor
related during each of the three seasons: December April (dry season), May-
September (primary wet season), and October-November fsecondary wet season). 

Analyses showed that the "iathematical classes were separated mainly by
general rainfall lcvel, seasonal modality, primary wet season (May-September) 
raiafall levels and pcakedness, and dry season severity. A classification systom 
was developed using these characteristics. The system produced a distribution 
of rainfall classes corresponding to the seasonality of air masses and disturb
ances, and to major topographic features. This correspondence indicates that the 
derived classification reflects causal meteorological factors. 

Because the natural classes simultaneously carry information on rainfall 
level and seasonal durations, and exhibit lower within-class variability, such 
classes should be superior to tcchnical classification for plan'ging agricultural 
research and development projects. 

ERRATA lok ittJ') iUj 

Page 9, Table 4. Page 9, paragraph 1, line 2 

Column 6, 4th entry: 55 should be 35. "The stem . . ." should read "The item . . 
Last column, 4th entry: 29 should be 23. 

/By R. A. Morris, head, and F. M. Rumbaoa, .r., former res'2arch assistant, Multiple Crop
ping Department, International Rice Research 'Institute, Ios Blaos, Philippines. Submitted 
to the IRRI Research Paper Series Committee April 1984. 



CLASSIFICATION 'OF PHI1IPPINE RAINFALL PATTERNS /& .
 

Early climatic classifications of the world such as Koeppen's, 
which was proposed in 1918, were based or, differences 
among seasonal rainfall patterns and thermal regimes, with 

observations ofvegetation and soil distributions aiding inter-
polation between the sparse number of weather stations 
%ith available records. Classifications became more quanti-

tative as records became available from more locations and 

longer periods, and as science better explained climatic 

factors and the relations of climatic parameters to biological 

processes. 
For example, after many years of study, Thomthwaite 

published his seasonal water balance approach to -limatic 

classification in 1948 (26). More recently Papadakis (21) 

published detailed tables of world climate classes. The 

system contains more than 500 classes, as Papadakis claims 

it is not possible to satisfactorily picture the world's climate 
with less detail. The climatic criteria of Koeppen, Thorth-

waite, and Papadakis have been used to classify and map 

the climate of the worhd or of an extensive region at a small 
scale. 

li the Philippines, four classifications have been published 
(3, 5, 6, 16). Whereas Obradovich applied Thornthwaite's 
water balance method to compute an annual water balance 
but disregarded seasonal patterns, the classifications of 

Coronas, Hernandez, and I-luke were based on seasonal 

rainfall distributions. Coronas defined 4 distribution types, 

Hernandez 6 types, and Huke 7 types. All four climato-

logists regarded temperature as minor in classifying the 

Philippine climate. Seasonal temperature variation is slight, 

and variation with altitude is predictable. 
In the remainder of this introduction, we make the dis-

tinction between natural and technical climatic classifica-
tions, describe two recently published maps of Philippine 
rainfall patterns, and outline the objectives of this study. 

The classifications of Koeppen, Papadakis, Coronas, and 
I-luke are natural in the sense that class limits are based on 

natural changes in climatic parameters. Technical classifi-
cations have recently been developed for agricultural 

planning and research. Crop planning for agricultural 
development projects often begins with an agroclimatic 
classification (25). Such classifications consider the climatic 

requirements of crop classes as differentiating criteria. 
As an example, IRRI (7) published a very small scale 

map (1:9 million) o," Southeast Asia that shows the distri-

butio.- of rainfall patterns having characteris,'c numbers of 

consecutive wet months (total mean monthly rainfall >200 

mam/moo), secondary rainy seasons, and pronounced dry 

seasons (mean monthly rainfall < 100 mm/mo foTr 2-3 mo). 

in this tecmical classification of rainfall patterns, 200 mm/ 

mo was regarded as adequate to meet the minimum evapo
transpiration and percolation requirements of a lowland' 
rice crop. One hundred mm/month was regarded as a lower 
limit below which common upland crops would not pro
duce economical yields. 

This approach has been used to classify and map rainfall 
patterns in Bangladesh (14), the Philippines (9), Thailand 

(15), and Indonesia (17, 18, 19, 20). Technical classifica

tions of rainfall patterns widely appeal to agronomists 

working on cropping systems research in Southeast Asia; 

rainfall pattern classes are frequently cited in the environ

mental description sections of cropping systems research 
reports 

Recently, two maps of the Philippin-es were published at 

1:2,500,000 scale. Fhe maps (and thei; bases of classifi

cation) differ; one conveys primarily rainfall pattern season
ality, and the other conveys wet and dry season durations. 

The first map, based on Huke's (6) classification system 
(Fig. 1), was prepared by the URARTIP/iRRI-Philippines 
Ottreacl, Office (27). The seven classes on this map reflect 

peak rainfall timing, but also recognize dry season duration. 

This system allows only limited direct interpretation for 

rainfa', quantity. The second map emphasizes seasonal 
dujation and shows class boundaries differentiated mainly 

by wet and dry months. Wet and dry months are defined 

by mean monthly total rainfall. Mean total rainfall of the 

month of maximum rainfali is a secondary differentiating 
criterion. The classes on Lhe second map, therefore, carry 

minoe information about rainfall level than classes on the 

first map. 
Agricultural research and .egional agricultural develop

ment planning can well use information on seasonal dura
tions, average monthly rainfall, and expected year-to-year 
variability. Seasonal durations and mean monthly rainfall 

and its reliability must be considered in on-farm croppingw 
systems research programs. A classification system that 
accounts for these rainfall pattern characteristics would 

help in planning a regioaal research project, and in extra. 

polating results to other regions dominated by similar rain

fall patterns. 
This study's first objective was to determine the corres

pondence among the classification of 100 Philippine rain

fall stations by using technicilly established criteria and 

criteria derived from natural differences in the rainfall 

patterns, particularly emphasizing the heterogeneity among 

stations ,vithin a class. 
The second objective was to compare two mathematical 
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Class Description 

A-
L Lnnq ?,)wsun seuson, 5cor 6 mo withless than GOmm of rainfall per month. 

Intermedic low sun dry season; 4mo 
with less tMan 60mm of rainfall per month. 

Short low sun dry season; 1-3 mo with
less than 60mm of rainfall per month. 

flo ( J -  
Short high sun dry season; 1-3 mo 
with less than 60mm of rainfall per month. 

All months with 60 mm or more rainfall; 
, wettest low sun month with at least 3 times 

)the rainfall of driest high sun month. 

All months with 60mm or more rainfall; 
wettest high sun month with at least 3 times 

DJ,the rainfall f driest low sun month. 

All months with 60 mm or more rainfall; 
wettest month has less than 3 times the 
rainfall of the driest month. 

00 

1. Rainfall pattern map based on Huke's classification (6). 

w. 

classificatio.n methods for correspondences of class mem- MATHEMATICAL CLASSIFICATION OF CLIMATE
 
berships for tht 100 stations. The mathematical classifica
tion methods were applied to long-term mean monthly rain- In 
 recent years, large computers and mathematical classififall (RR) and standard deviations (LS) obtained from cation algorithms have enabled scientists to classify weather
records of 20 yr or more. stations on the basis of long-term records. However, few

The third objective was to establish, using rainfall pattern scientists havc attempted such classifications. Kyuma (11)differe:'ces revealed by the mathematical classifications, used mean monthly rainfall and temperature to mathemati
differentiating criteria suitable for classifying Philippine cally classify 125 selected weather stations in South and
stations. Southeast Asia, including 15 in the Philippines. In mapping

The fourth objective was to examine the spatial distribu- the nine regional climate classes obtained from the numertiorn of classes relative to the major met..orological factors ical method, Kyuma deleted all Philippine stations because
that determine rainfall patterns. 'he found that climate classes within the Philippines were 
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distributed too heterogeneously to he mapped at a small method, those clusters fused at each iteration are the two 
scale. Kyuma (12) also used the same numerical approach which produce tilemiinium increase in the total within
to place 107 Japanese weather stations into 6 groups. group sum of squares. By applying these fusion methods to 

Russell and Moore (22) sought homoclimates corre- D jj, individuals are fused into clusters which, or,average, 
sponding to 9 northeastern Australian weather stations are increasingly dissimilar following each itern:tion. 
from among 139 stations between 35°N and S latitudes in loth the [N and WI) fusion strategies arL agglomerative 
Asia, Africa, and North and South America. Russell and because fusion is progressive, beginning with n entities and 
Moore (23) also treated data from 94 Australian and 200 ending with tie co iplete population (28). 
southern African stations as a single set, and from their By their nature, the FN .nd WD fusion strategies are 
analysis (10 attributes/mo le r station) delineated winter, likely to lead to natural classes in which entities are bound 
sumnmer, and full year holmoclimes common to tle two to a class from within, iot circumscribed from without as 
regions. Russell and Moore 124) also used mathemltical with altechnical classiftication. If"in fact fusion does suggest 
methods to classify 254 nurthern Australiani )tatiois by a litural cliasification, it will perform the "important fune
monthly rainfall using 5 deC'*.j deterninations, and 1t tim of organizing and defiing the classes used ....and 
classi y' a subset of, 5L) stations by rionthly rainfall, oreanizing the daa . . . for discovering relationships within 
humidity, temiperature, evaporation, and day length Inca- the ptpulation" 2). Nal ural cla:;ses separated at a low iier
surelents (I)2 attribuies ). I hey obtained encouraging geo- archical level call be used to 1l)cC i:;Idividuals into technical 
graphical similarities from the two sets of da i, lbut detec- groupings for lbil applications. including agricultural 
ted somc differences, research alit) plaitnlug. 

The remainder of" this section briefly discusses mathe
matical claSsification methods ald describes the two1 I) \1t.\ AM) NI Ittf))
methods used in this study. [or more complete discussions 
of mathematical classification methods. see Williams (28) For this study, daily rainfall records of 2(0 vr or inore from 
and books devoted to tile subject. 100 weather StationlS were used to compute monthly mean 

Computer programs, comInmonly knowni aisclustering rain'all ( RR ) and standard deviation (LS) of ioitlihl rain
algorithms, have been developed for placing entities into fall. creatilng a set of"24 attributes for each station (entity). 
groups based on entity attri-utes. vwo distinct steps are In the computations. inomlths with missing data were elimi
required: constr:tioin of a matrix of distances between nated unless interpolation froIn nearby stations could pro
entity pairs, and the fusion of entities into clusters. In this vide reasonible estiliatcs lor periods of' less thal 15 days. 
study, rainfall stations were tileentities and the 12 1I and [:or ealch iionitli1. RI was inlcludted as ameasure of central 
12 LS values were entity attributes. The standard euclidean rmdercv andLIs a :metsure of vairiation in that month. 
distance between two entities, i and j,was defiInCd as B~oth lmleasurre, were used to characterize a station because 

both the hln-tertm rMilal and the reliability of that rain
d (Xik Xjk) 2 fall are impolrtait liatlral t:in;fll patter attributes. 

k The I)) stations were classificu by applying the tech
nical criteria shwni iIi Figure 2. The technically established 

where xik and Xjk sent standardized criteria thie N usedrep in attributes, were Mal:110 to classify 232 stations in 
Standardization is obtained by substracting X.k from all Xik locating inap ountldaries (81 1.Mlaalo pers. colilin., 1982). 
and dividing by the standard deviation, sk, of each attri- The resiltdnt classilication was designated II). A second 
bute. The resultant d2 ijelements fo rl the distance matrix, technical classific:ition ( I ) was obltained by locating 
l)2ij. Entity pairs with low values in I2iiare in close prox- station latitude and hon, itndC L,ordiliatCs on11Mnaho's map 
imity in the m-dilmetsiollall eiclidHean space. arid reading otf' tile nMIp class within which tIl' station fell. 

To combine n entities into clusters, two fusi,n algoritllls [or the Ill:itllell:itical classilicatioIIs, the 100 stations" 
were used: furthest neiliblor (FN )and Ward's (WI)). Fusion were clustered using the Ward option tf the ('LUS.AN 
starts with the n entities and at each iteration, places aii package If alorithmis (2t)). 'R()(' ('l.tISTlR of SAS was 
entity (or a group of entities fused into clusters during used to apply tile irthm'st neighbor method (I ). 'lie 24 RR 
previous iterations) into a cluster based oin distance ill1)2 ii, aind [-S value,,per rminall ,,iationi were used to form te 100 
This procedure aggregates entities iito increasingly large . 100 it:liIct' w1ti\, i. .,i Ilatrix of standardized eucli
clusters ontil at the n-- I iteration. :t11 entities are fused. leCalldistances amllom, the 10( rainfall gauging stations 

Each iteration of' tileFN algorit m fuses those clusters eliltitles). 
in which the imaxinuni distance anong all possible entity II suniiiary, -1cl:issifcaitiois (I the I0) statitns were 

candidate clusters Oininiun. 2 matliciatical classilications. WI) and [N,pairs from two is ()bviOusly, obtailled: tie 
during early iterations, many clusters ctltain only one correspondiiig to the\\ard'Nald furthest lieiglilborgroupings, 
entity, and therefore only one distance needs to be cosi and tile2 teclical cI:tssilicalitms. IM id I1), ,orre
dered among pairs of' entities illt' clusters. Ill tihe Wl sponding it)the iliap- and data-derived groupilngs. 
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Dryg/months 
wet months 

. >9 7-9 5-6 3-4 <3 

<2 1 12~ 13~M 41s 140111R 

2-4 - 2.2~ 2 3 224 71 2.5 

5-6 33:: 3 4 3 5 

> 6 - - - 45 

, aq/A dry month I'os <,00mm mean rainfall. 

Y A wet month has >200mm mear rainfall 
c/ For each dry month-wet month class, subclasses are

determined as follows: f at least Imo has 2t500mm 

,'. " 
71 

rainfall, a 05 is adder to the dry month-.xt month 
class. For example, members of class 2.5.5 have -
dry months, and 5or 6 wet months, Wth one or more 

"" '' ,.months having a mean rainfall equal to or exceeding 
- t 500 mm. 

~I
 

2. Rainfall pattern map based on a wvetmonth-dry month classification (8). Class codes are shown for the 100 stations used in this study. 

In accordance with objectives, these groupings were montldy rainfall, entities were also placed in 19 TD classes. 
cross-classifie to determine classification similarities. To The original map and the TD classes appear in Figure 2. The 
compare rainfall patterns, mean monthly RR and LS were cross-classification of TD and TM appears in Table I . Forty

- graphed. To compare the tightness of classes, the standard seven of the 100 stations were placed in the same technical 
deviations of RR and LS were computed for TM, TD, FN, class by both methods. Cross-classifications of stations using 
or WD classes which had many members in common, dry, wet, and 500 mm class criteria separately are given in 

Tables 2, 3, and 4. These cross-classifications show that the 
RE"SULTS AND DISCUSSION 2 methods agreed on 89 stations when differentiating by

the 500 mm/mo criterion, on 77 stations by the dry month 
TM vs TD criterion, and on 67 stations by the wet month criterion. 
By using Manalo's map boundaries for the TM classification, Thus, between TD and TM classifications, 'he wet month 
entities were placed in 19 of the 34 possible classes. By ap- criterion exhibited the most discrepancy. 
plying technical classification criteria directly to mean ' No general pattern emerged from among the discrepan
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Table 1. Cross-c'.ssification of TM and TD classes. 

TD classTM 
class 110 115 120 125 130 135 140 150 220 225 230 235 240 250 330 335 340 345 350 450 

110 0 u 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
115 0 4 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
120 0 0 3 1 3 1 0 0 2 0 2 0 0 1 0 0 0 0 0 0 
125 0 0 I 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
130 0 0 0 0 2 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 
135 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
140 0 0 0 0 0 0 1 1 0 0 0 0 2 0 0 0 0 0 0 0 
150 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 
220 0 0 1 0 0 0 0 0 7 0 3 0 0 0 0 0 0 0 0 0 
225 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 
230 0 0 0 0 0 0 0 0 1 1 8 0 0 0 1 0 0 0 0 0 
235 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 
240 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 
250 0 0 0 0 0 0 0 0 0 0 1 0 1 4 0 0 0 0 0 0 
330 0 0 0 0 0 0 0 0 I 0 2 0 0 0 0 1 0 0 0 0 
335 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 5 0 3 0 0 
341) 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 1 0 0 0 
345 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
350 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 
450 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

cies to suggest that particular regions or classev were more Table 2. Cross-classification of TM and TD classes by dry month 
prone to differences in classification than others. Thus, criterion. 

whether methodological or data inadequacies or natural TD dry mouh class 
heterogeneity were the main cause ot the differences, dis- TM dry Td ohl 
crepancies were random. The comparison of variability 1 2 3 4 
within TM and TD classes will be discussed later. 1 27 12 0 0 

Reasons for the fairly high discrepancy between the two 2 1 34 2 0 
classifications are many. Because class boundaries were .3 8 15 0 04 0 0 0 1 
placed on a small scale map (1:2,500,000), boundaries 
should not be expected to be precisely located. Further

more, at such a small scale, limited areas of off-classes are 
likely to be included within a class covering an extensive 

Table 3. Cross-classification of TM and TD classes by wet montharea. This is especially likely for areas as heterogeneous in criterion. 
rainfall patterns as the Philippines. Inadequate rainfall 
record length also may have contributed to the discrepancy. TM wet TD wet month class 
Record lengths were 25 yr or shorter for more tlan half the month class 1 2 3 4 5 
stations used to draw the original map, and therefore many 
stations used to locate boundaries may have been misclassi- 1 4 3 1 0 0 

0 21 11 0 1fled. Even among the 100 stations used in this study, those 3 0 6 22 6 0
with short record lengths (20-25 yr) may not have been put 4 0 0 5 7 
in their true classes. Also, stations situated near class 5 0 0 1 3 8" 
boundaries may have been inaccurately located. 

For a broad national picture of rainfall pattern classes, 
however, the map in Figure 2 is probably adequa.e despite 
the discrepancies between TM and TD. Fable 5 shows that Table 4. Cross-classification of TM and TD classes by 500 mm/ 
in a cross-classification between TM and TI), using the dry- month criterion. 
wet month criteria, 50 stations were in agreement and TD 500 nim class 
anodier 26 differed by no inore than I criterion increment. TM 500 mm class 

0aThe difference between TD and TM classifications suggests, 5 

however, that agriculturalists working on research and 0 62 6 
development plans for regional (subnational) projects 5 5 27 
should not rely heavily on a rainfall pattern map to deter- "0 mean monthly rainfall <500 mm for all months. 5 mean 
mine the number of wet, intermediate, and dzy month's monthly rainfall ;500 for at least one month. 
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Table 5. Cross-classification of TM and TD classes by dry and wet month criteria. 
TM dry-wet 
month class 11 12 13 

TD dry-wet month class 
14 15 22 23 24 25 33 34 35 45 

TM dry-wet 
month class 11 12 13 

TD dry-wet month class 
14 15 22 23 24 25 33 34 35 45 

11 
12 
13 
14 
Is 
22 
23 

4 
0 
0 
0 
0 
0 
0 

3 
9 
0 
0 
0 
1 
0 

0 
4 
2 
0 
0 
0 
0 

0 
0 
1 
1 
2 
0 
0 

0 0 1 
0 2 3 
00 1 
1 6 0 
0 0 0 
0 9 4 
0 3 9 

0 0 
0 1 
1 0 
2 0 
0 1 
0 0 
1 0 

0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

24 
25 
33 
34 
35 
45 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 1 
0 1 
3 5 
0 1 
0 0 
0 0 

1 0 1 
1 4 0 
0 0 6 
0 0 2 
0 1 0 
0 0 0 

0 0 0 
0 0 0 
3 0 0 
3 0 0 
0 1 0 
0 0 1 

Additional sum of squares 

IIIII 	 30 35 400 5 10 15 20 25 III 

AMBKLC IPO BfBAZA 
VLDRMA SIATON 

]A GUIG ITOGON 

IBA 

BOLNAO VIGAN MABINI 
DAGUPN	YSAL I P L AOAG 

BAI APt, CORON 

INTO 	 CJO-DAGO 
LCRTA BYMAON
 

DIPO L.0 

TUGARA AUROR. 

PUTPCS COLEGE 
STCRZL. ILOILO CALAP 

ROMBLN ROXAS 

fHNTIrN AYP .JLr 

iNTLAPA L HANG 
MIANI A MIA 

LMITAN JOLO DAvAO 
MD'YAP MB:N;D TAGUM 

NANG FRTKA PAPLTO 

BIRCOKS, MASP E S,G 

CEB. CFRC SL 

DU IM7 MA. " T. / 

KB'CAO FiA;C' A('L P~.: 

LU(.ENA iCTRA C 145TAN 

SlLAY 'S'IL-4 .IRAC 

CATbLC, W'A ' "-',LOB - -

BALER CASGRI CA .NT 

BAt, ET[ Nt!TDET 

CL 'H;N 

J UB8A' ATRM N 

J')RnAI DAGHOY
 

YPIL NLA PAL-4AS _
 

BORONG StJRGAO 
wI,: N HU T UAN 

3. Abbreviated dendrol'rain from Ward's fusion method. The dendrogram was truncated at the fusion level corresponding to 21 clusters,
including 6 nonconforming stations. Units are standardized euclidean distances. 
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they should expect, but should seek rainfall records for as within-cluster sum of squares for WD) and judgment as to 
many points as possible within and adjacent to project areas. what groupings constituted meaningfully different classes. 

Partial dendrograms of the WD and FN classifications are 
FN vs WD shown in Figures 3 and 4. The cross-classification between 
For both clustering algorithms, the fusion level at which FN and WD classes is shown in Trable 6. Ignoring the NC 
classes were separated was based on a combination of libel momentarily, the FN and WD algorithms produced 13 
selected cluster statistics (maximum within-cluster distance and 15 clusters with 2 or more members, respectively. 
and distance between clusters for FN and additional and Within each classification, nodes were designated by units 

Max distance within cluster 
20 15 10 5 0 

AMBKLO 

DAGUPN LAOA6 MSALEP 

BALARA CORON LUBANG 
MANILA MIA 

BOLINAO VIGAN MABINI 
TOGON A 

IPO BRBAZA VLORMA 

CUYO 

LCRLTA AMBULG 

LGRNJA BONTOC 

3YMBOiN CBNTUN 

MNTLPA ILOILO 

APARRI ILAGAN TUGARA 

CALAPN ROMBLN ROXAS 
COLEGE STCRZL KBUGAO 

L MITAN NANENG FRTICH 
IMPLTO DIPOL(i JOLO 

MDSYAP MBINIO KOPWAN 

CS., ACATELG MAAS,
VIRAC TACLOB_ 

-- COTABT 

AURORA PRTPCS BROOKS 

MASBTE TUfBGON CEBU 

CDEORO OLGETE DUMGTE 
ZMBAGA MALIA GENSAN 
DAVAO 

BASCO DAGH1 N'.NLACALAYAN LUCENA VCTRMC 

GNBTAN SlLAY BALER BALETE 
- Q]9RALIi. . - - -

MLIGROS MALY8Y 

CASGRN CAVNT INFAINT 
CLqA R I 0=AET ... . 
JUBAN CATRMN LEGASE
SM!NG0 . .. .. . . 

BnRON° SURGAO 

HINATN BUTUAN 

4. Abbreviated dendrogram from the furthest neighbor fusion method. The dendrogram was truncated at the fusion level corresponding to 
23 clusters, including 10 nonconforming stations. Units are standardized 'uclidean distances. 
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Table 6. Cross-classification between FN and WD classes. 

FN class 
11 12 13 21 22 23 31 

WD classes 

32 41 42 51 52 53 6 8 NCa 

11 0 5 0 0 0 3 0 0 0 0 0 0 0 00 012 0 3 2 0 0 0 0 0 0 0 0 0 0 00 013 4 0 0 0 0 0 0 0 0 0 0 00 0 0 021 0 0 0 5 1 0 0 0 03 0 0 0 0 0 122 0 0 0 0 0 0 0 00 0 0 0 0 0 2 023 0 0 0 0 6 0 0 0 0 3 0 0 0 0 0 031 0 0 0 0 0 0 0 0 4 2 2 2 0 0 0 032 0 0 0 0 0 0 0 0 5 0 0 00 0 0 0 0 0 
0 
0 0 0 0 

0 
4 0 0 

0 033 0 0 04 0 0 0 0 2 0 10 1 0 0 0 0 0 0 0 07 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 081 0 0 0 0 0 0 0 0 3 0 0 0 0 00 082 0 0 0 1 0 0 1 1 0 0 0 0 08 0 0NC 1 0 1 0 0 0 0 0 0 20 1 0 0 0 5 
aNC = nonconforming; i.e. clusters containing only a single member. 

of 10 (e. g., 10, 20, 30) and stations below these nodes of stations in common at the fusion level Lsed to separate
designated in series, such that in the WD classification, clu.ters. For the 48 attributes compared in Figure 5,within
classes 51, 52, and 53 were below a single higher node. In cluster variability was lower for WD classes in 32 cases.
both classifications, those stations designated NC (non- Given the fusion criteria in the WD algorithm, a generally
conforming) (Table 6) were in clusters of single members lower within-cluster variability should be expected at 
at the fusion level chosen to separate classes. Several non- similar aggregation levels. 
conforming entities joined larger classes when the fusion At higher fusion levels, cluster membership was more 
level was slightly higher, i. e., they were clearly more similar similar as Table 6 shows. When combined at a higher node, 
to some entities than to others and therefore should not be classes FN 11, 12, and 13 had !4 stations in common with 
considered strictly nonconforming. Caliraya and Palanas WD 11, 12, and 13 classes; FN 21, 22, and 23 had 15 in 
were representative of this behavior in FN, first joining each common with WD 21, 11, and 23; FN 31 and 32 had 11 in 
other and then Cluster 31. iligan, however, remained common with WD 41 and 42; and FN 4, 81, and 82 had 20 
isolated until the fusion level was high. WD isolated fewer in common with WD 31 and 32. 
nonconforming stations than FN (6 vs 10). 

Table 6 shows that only two pairs of clusters - FN 4 Comparisons of technical classes 
and WD 31, and FN 82 and WD 32 - had a high percentage Mean RR and LS for technical rainfall pattern class 230 are 

Standard deviations of RR and LS 
120 

90 

8o- ] FN 4,N=3 ] FN82, N,, 
7WD31, NziI IW032, N=9 

70

60 ' 

50 

40
 

0 J F M A M dJ A 0 N D J F M A M J S0N D d F M A M J J A S 0 N D 
5. Within-cluster standard deviations of RR and LS. Clusters FN 4 and WD 31 had 10 members in common, FN 82 and WD 33 
had 8. 
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Rainfall (mm/month) Class 230 
-6. TM 230 - D-230 ... . q FN 23 - WD 22 

200
 

S"rMMo20 TD 12o FN 31 . WD 4 

600' n:7 r. 13 -1~0 n=10 

odlltI.... ..... I4,
I 


0
 

ClOs 335 
6. Mean RR and LS (vertical bars) TM 335 2 TD 335 FN . . WD 12 
from technical classes 230, 120, B0o n.8 n-8 n.. n 
and 335. For the FN and WD 

which monthly RR patterns [ 

showed most agreement to TD 
class monthly means were used in 0 , , , ,X i.
 
this comparison. J FMAMJ iAS0r;D JFMAMJJASONO JFMAMJ JASOND JFMAMJJASOND 

shown in Figure 6; i. e., monthly rainfall means corre- subsequent sections, WD classes were used to compare 
sponding to TM, TD, FN, and V"D classes tiat conform to technical classes and to develop a derived classification. 
the 230 technical class of 2-4 dry months and 5-6 wet 
months. FN and WD clusters in which monthly RR patterns TD vs WD 
showed most agreement to TD class monthly means were Recognizing that the objectives behind the TD and WD 
used in this figure. Figure 6 also shows mean RR and LS for classifications differ, and that the WD method creates in
technical classes 120 and 335 from each classification. herently less variable classes, a cross-classification between 
Figure 6 shows that mean RR and LS were similar regard- the two was nevertheless of interest. If the two methods 
less of method used to determine membershLp. Within-class would create classes containing common stations, it would 
variability, however, did differ considerably depending on imply that latent but similar differentiating criteria were 
the method used to determine nmembership. Figure 7 shows used in both classifications. 
that for almost all 24 attributes in the 3 classes, RR and LS The scatter in Table 7 shows very little commonality 
variability was greater in the technical classes than in the displayed at the lower levels of tie classifications. At higher 
mathenatical classes. The most pronounced difference oc- levels, however, patterns are evident (Table 8). The patterns 
curred in the very heterogeneous 335 class. Of the two are perhaps more recognizable by showing where both 
technical classifications, TD generally, but not consistently, classifications excluded stations. For example, no hiations 
exhibited a lower pattern of variability. Notable exceptions were observed at the intersections of WD 51, .52, and 53 
to the generally lower variability of TD are seen in the and the TD dry month divisions of 2, 3, ur 4; at the inter
June-October period of class 335 LS attributes. sections of WD 5 and TD wet month divisions of 3, 4, or 5, 

Across the mathematically derived classes, WD and FN and at the intersections of WD 31 to 42 and the TD 500 
exhibited approximately equal variability for 75%'r of the mm/mo division. It is apparent that WD and TD had latent 
attributes, WD was clearly less variable for 18%o, and FN similarities in their criteria only for a few classes and these 
was clearly less variable for 7%. Recalling the within-class similarities were detectable only in the higher categories of 
variability compaisons in Figure 5 (FN 4 vs WD 31 and FN te system. 
82 vs WD 32), we concluded that, even though differences If, as Cline (2) suggests, technical classifications should 
were not pronounced, the WD algorithm frmed clusters be organized from natural classes, from the scatter of Table 
generally less variable than clusters formed by the EN 7, one must conclude that either the mathematical classifi
algorithm. This observation is consistent with the different cation has not produced a satisfactory fusion into natural 
criteria that the two algorithms use for fusing clusters, classes despite obvious lower widiin-class variability, or that 

Because the WD-FN comparisons in Figures 5 and 6 a more appropriate technical classification may be formed 
showed that WD clusters were less variable over most attri- in which the similarities among entities could be exploited. 
butes, this algorithm is preferred. Furthermore, fewer non- The exploitation of such similarities should better satisfy 
conforming individuals were left isolated by the. WD algo- the objectives of agriculturalists who rely on similarities of 
rithm; WD produced more multimember clusters and the rainfall patterns to identify areas in which new crops or 
numbers of members in WD cluster were more equal. In intensified cropping systems are likely to be adapted. 
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Table 7. Cross-classification between TD classes and WD classes. 

%VDclass 
TD class 

11 12 13 21 22 23 31 32 41 42 51 52 53 8 6 NCa 

110 
115 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

( 
2 

1 
0 

0 
2 

0 
0 

0 
3 

0 
0 

120 0 0 0 0 0 0 0 0 4 1 2 3 1 1 0 1 
125 
230 

0 0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
2 

0 
2 

0 
0 

3 
0 

0 
0 

1 
0 

0 
0 

1 
0 

1 
1 

140 
150 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 

3 
2 

1 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

220 0 0 0 4 1 0 0 0 2 2 0 0 0 1 0 1 
225 
230 

2 
0 

0 
0 

0 
0 

0 
1 

0 
5 

0 
1 

0 
0 

0 
1 

0 
1 

p 
2 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

1 
0 

235 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
240 0 0 0 0 1 0 1 0 0 1 0 U 0 0 0 0 
250 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 
330 0 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 
335 2 6 1 0 0 1 0 0 0 0 0 0 0 0 0 1 
340 
345 

0 
0 

0 
2 

0 
0 

0 
0 

1 
0 

3 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

350 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
450 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

aNC = nonconforming. 

Table 8. Cross-classification between WD and TD classes by dry month, wet mooth, and 500 mm/month criteria. 

WD class 
TD month class 

11 12 13 21 22 23 31 32 41 42 51 52 53 6 8
 

Dry month criterion
1 0 0 0 0 0 0 1 7 7 1 7 4 4 4 1 
2 3 0 2 5 7 1 7 1 3 5 0 0 0 10 
3 2 8 1 1 2 5 2 1 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

lVct month criterion 
0 0 0 0 0 0 0 0 0 0 2 1 2 3 0 

2 2 0 0 4 1 0 0 0 6 3 5 2 1 2 0 
3 3 6 3 2 6 3 0 4 3 2 0 0 0 0 0 
4 0 2 0 0 2 3 1 3 1 1 0 0 0 0 0 
5 0 0 0 0 0 0 10 2 0 0 0 0 0 0 0 

500 inin criterion 
0 0 0 0 6 9 5 11 9 10 6 2 4 1 0 2 
5 5 8 3 0 0 1 0 0 0 0 5 0 3 4 0 

Rainfall patterns of WD classes 
Mean RR and LS of the 15 WD classes are shown as a series explained 80% of the total variance among the 24 attri
of frames in Figure 8. The continuity in this series is dis- butes. ,-actor I extracted the strong correlation among the 
cemible but we will discuss the absociation among clusters December-April attributes, Factor 2 among the May
in a later section where we present a derived-classification September attributes, and Factor 3 among the October
system. November attributes (Table 9). Low communalities were 

Contrary to expectations, we found no clusters that ex- evident during transition periods. The factors accounted 
hibited similar mean monthly rainfall but which differed poorly for LS in the dry-wet (May-June) and wet-dry 
in rainfall variability as measured by SD. In the process of (October-November) transition periods and for RR in May. 
drawing Figure 8, it became obvious that RR and LS were Because correlations between RR and LS were high and 
correlated, both within a cluster and across clusters. Cor- 3 factors were extracted from weonly the correlations, 
relations of RR-LS pairs for a given month were significant. concluded that the mathematical classification methods 
Moreover, correlations between RR from adjacent months were clustering simultaneously on RR and LS, and that 
were very high, as were LS from adjacent months. most cluster separation was on rainfall differences within 

By applying factor analysis, 3 factors corresponding t8 three periods: December-April, May.September, and 
eigenvalues greater than I were extracted. These 3 factors October-November. 
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A derived classification 

Seasonal rainfall patterns are apparent in the 15 WD cluster 
nmeans shown in Figure 8. Using these seasonal patterns and 
the general knowledge of meteorological factors contributing 
to them, a classification was derived for Philippine rainfall 

Table 9. Factor matrix and communalities of 24 attributes from 100 
Philippine raingauging stations, 

Factor 
Attribute Month - ('ommunality 

1 2 3 

RR 	 Jan 0.946 -0.180 0.144 0.949 
Feb 0.963 -0.182 0.037 0.962 
Mar 0.973 -0.143 0.053 0.970 
Apr 0.912 -0.049 0.032 0.835 
May 0.290 0.641 0.004 0.495 
Jun -0.169 0.921 -0.025 0.878 
Jul -0.263 0.920 -0.059 0.918 
Aug -0.290 0.896 -0.099 0.897 
Sep .-0.225 0.906 0.152 0.895 
Oct 0.210 0.259 0.827 0.795 
Nov 0.556 -0.191 0.745 0.900 
Dec 0.803 -0.291 0.452 0.897 

LS 	 Jan 0.874 -0.129 0.255 0.845 
Feb 0.931 -0.133 0.157 0.909 
NIar 0.922 -0.073 0.219 0.903 
Apr 0.753 0.129 0.290 0.668 
May 0.113 0.702 0.102 0.516 
Jun -0.035 0.758 0.046 0.578 
Jul -0.176 0.807 -0.049 0.684 
Aug -0.192 0.870 0.048 0.796 
Sep -0.095 0.697 0.229 0.547 
Oct 0.020 0.421 0.434 0.366 
Nov 0.194 0.063 0.686 0.512 
Dec 0.598 -0.077 0.590 0.711 

rw 

I 
n -7 

I, 

2, 

111WD 

Ij 	 8. Mean RR and I.S (vertical bars) 
ior the 15 WD clusters. 

stations. Table 10 is a key to the classilication, l)ERIV, in 
which rainfall level and seasonal modality are used to dif
ferentiate stations at the highest category. Dry season sever
ity, level of wet season maxima, and peakedness of the wet 
season are differentiating criteria used at lower levels in the 

classification. 
Applying the criteria in Table 10, the 100 stations were 

placed into the 19 classes of DERIV. The neans of class 
members and idealized rainfall patterns for each class are 

shown in Figure 9. At the higler categories, differences in 
seasonal patterns and rainfall levels are evident. At tie 
lower categories, differences are smaller and generally 

appear in only one of the distinct tML or three seasons in 
the pattern. The 19 rainfall stations that most closely 
typify the idealized patterns are listed in Table II. 

In the lower categories, where class differences are 
small, technical groupings may be made for some agricul
tural applications. For exafmple, classes such as 121 and 

122, and 131 and 132 may he aggregated. However, the 
extra 1-2 mo of rainfall exceeding 200 mim/mio that can 
be expected in robust patterns mnay be significant if 
cropping is intensified by planting both early and late crops 

during the wet season. 

In the Philippines, bimodal rainfall patterns do occur, 
although front differentiating criteria of Table 10 and class 
means in Figure 9, hinodal expression is weak, and for 

many technical purposes, classes 232, 321, and 322 could 
be combined, as could classes 231 and 211. Because inter
peak rainfall mininutn is brief and because its tiing may 

vary slightly between years, the minimum between peaks 
'is not strongly expressed in nean monthly data. 
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Table 10. Key to DERIV rainfall pattern classes. 

0. 	 Low rainfall, less than 3 mo > 200 mm. 2. High rainfall, 3 or more months > 200 mm, May-Sep and 
0 (1). Less than 6 mo > 100 mm. Ort-Feb bimodality.0 

02. 	 6 or more mo > 100 mnm. 21. May-Sep maximum aoout equal to Oct-Feb 
021. 	 Less than 6 mo > 150 mam. niaximum.b 
022. 6 or more mo > 150 min. 	 211. Less than 4 mo > 300 mm. 

1. 	 High rarinfarll, 3 or more months >200 mm, 212. 4 or more months > 300 rm.
 
22(1). May-Sep maximum greater than Oct-Feb maximm.
May-Sep unimodality. 	 23. May-Sep maximum less than Oct-Feb maximum. 

11. 	 2 or more conser-utive months >200 mm 231. Weak maximum, less than 3 mo > 300 mm, none 
and 0 or I > "00 mn. > 500 mio 

Il. 	 2 or more months in the dry period (Jan-Ap,) 32. Moderatemaximum, 3 or 4 mo > 300m, none 
<50 1m. > 500 mm. 

112. 0 or I mo in the d;y period < 50 m. 	 233. Strong maximuri, 4 or more months > 300 and 1 or 
12. 	 2 or more coisecutive months > 300 nim 

and 0 or I > 400 nri. 
12 Robust, 6 ov mcre months > 200 mm. 3. Iligh rainfall, 3 or more months > 200 nim, Oct-Feb 
122. Peaked, les than 6 mo > 200 nim. 	 urinooality. 

13. 	 2 or more consecutive months > 400 iu 3, (1). 2 or more consecutive months > 400 mm. 
and 0 or I > 650 rm. 32. .,ess than 2 consecutive months > 400 rm. 

131. 	 Robust, 6 or more ruonths > 200 nrm. 321. 5 or less months > 200 mm. 
132. Peaked, less than 6 mo > 200 mm. 322. More than 5 mo > 200 mm.
 

14 (1). Two or more consecutive months > 650 mm
 

aA pattern is regarded as bimodal if there are differences of at least 25 mm between both months of maximum monthly rainfall in the May-Sep
and Oct-Feb peaks and tle lowest rainfall of any intervening month and at least 2 mo bet" een the months of maximum rai.1fall In the peaks.
bA pattern is regarded a, equal if the months of maximum rainfall in the peaks differ by less than 50 mm. 

Rainfall (mm/month) 

2001-

00 

122-
mooF>~~~2 900 400--230 

- 2 

11 00--212 

6000 

700 20021 211

200 _oo_ 
141 

1O- 600 -. 1 06 00 
500f-00 

4001-
__131 

400 233 232 400- 322 

300 -- 121 300 	 300- 300 

200 200-	 200-*2I 200- 321

\ 	 IA1320oo 100 	 100to 

0 	 1 0 1 L 
J F 	MAM J JA SONO J FMAMJ JASON.1D IMAM J A SO ND F MA M J J A SO ND 

9. Mean monthly rainfall means from members in the 19 DERIV cl sses (data points) and idealized rainfall pattern (curves) corresponding to 
these data points. 

A cross-classification between DERIV and WD appears in The slight decline, to which the mathematical meth od was 
Table 12. Although most WD classes were distributed o,.r only weakly sensitive, probably caused the wide listribution
 
3 or less closely related DERIV classes, 3 WD clustrs (22, of WD 41 members among DERIV classes.
 
32, and 41) were widely distributed across DERIV chsses. WD 22 and 32 members were concentrated among the
 
The wider distribution of WD 41 members arose frorr, the low rainfall, May-September unimodal DERIV classes (11,
 
bimodal criteria, where DERIV 321 and 322, although not 112, 121, and 122). Several WD 22 and 32 members, how
bimodal, exhibit a 2.4 mo (June-September) period when ever, did exhibit sufficient bimodality to be placed into
 
mean monthly rainfall is almost uniform. In DERIV 231 DERIV 211. Where 6 or more consecutive months have
 
and 232, rainfall declines slightly in the August-September montldy rainfall means between 200 and 300 mam, bi
period before increasing in the October-Decernber period' modality is very weak, often being a depression during
 



16 IRS No. 109, April 1985 

Table 1I. Stations and mean monthly rainfaU typifying the DERIV classes. 

Mean monthly rainfall
DERIV Class Station 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

11 Gencial Santos 72 73 48 78 93 103 95 89 81 98 87 7821 Tagbilaran 120 86 90 76 93 183 162 128 148 181 193 14522 Dalaguete 122 117 101 78 134 167 193 162 160 213 183 153111 Aurora 56 20 32 23 99 190 214 196 206 211 166 152112 Kidapawan 185 158 96 156 225 228 227 232 264 271 190 176121 Basco 50 43 58 104 238 228 317 306 334 252 222 102122 Ambulong 25 12 20 42 158 215 321 330 294 223 182 102131 Valderania 47 10 24 48 326 495 627 613 548 358 193 94132 Masalep 7 93 45 202 290 470 609 328 154 49 17141 Iba 5 4 14 37 230 543 834 940 616 225 90 32211 Jolo 116 105 101 147 219 244 177 182 193 239 219 169212 Dagoloy 306 193 155 114 159 270 347 258 287 312 335 265221 Milagros 302 165 75 72 198 373 460 310 258 308 362 378231 Dipolog 142 92 84 100 232 267 241 255 252 304 302 234232 Victoria Mills 197 129 118 106 193 219 254 230 221 365 404 305233 Clarin 390 188 189 121 196 308 243 266 255 343 549 548311 llinatuan 709 511 461 350 290 227 209 205 205 227 361 602321 Aparri 138 83 56 44 110 178 196 238 286 360 367 208322 Calayan 192 123 71 42 94 IF6 273 303 323 346 399 342 

Table 12. Cross-classification between DERIV classes and WD class. 

WI) classDERIV clas!: 
I1 12 13 21 22 23 
 31 32 41 42 51 52 53 99 

11 0 0 0 0 0 0 4 2 0 0 0 0 0 021 0 0 0 0 0 5 0 0 0 0 0 0 022 0 0 0 0 0 0 1 0 0 0 0 0 0 0111 0 0 0 0 2 0 1 1 0 0 0 0 0 0112 0 0 0 0 0 0 0 2 1 0 0 0 0 0121 0 0 0 3 0 0 0 1 0 1 0 0 0 0122 0 0 0 0 1 4 0 0 0 0 0 0 0 0131 4 2 0 2 0 0 0 0 0 0 0 0 0 1132 0 5 0 0 0 2 0 0 0 0 0 0 0 0141 1 1 3 0 0 0 0 0 0 0 0 0 0 2211 0 0 0 0 5 0 0 3 0 ) 0 0 0 0212 0 0 o 0 0 0 0 0 1 0 0 3 0 0221 0 0 C 0 0 0 0 0 0 0 0 0 0 0231 ) 0 0 1 1 0 0 0 3 0 0 0 0 2232 0 0 0 0 0 0 0 0 2 1 2 1 0 0233 0 0 ) 0 0 0 0 0 0 0 3 0 1 0311 0 0 0 0 0 0 0 0 0 1 2 0 3 1321 0 0 ) 0 0 0 0 0 1 2 0 0 0 0322 0 0 2 1 0 0 0 0
0 0 0 0 0 0 

Augus;t and September of only 30-50 mm relative to the 2 Sources of rainfall seasonality
peaks. The WD method ooviously did not discriminate on Figure 10 was drawn to facilitate discussion of the meteo
this nuance, but because the bimodality phenomenon was a rological factors contributing to the geographical distribu
dimension in the continuum, DERIV 211 was defined as a tion pattern. Although no attempt was made to map the
class separate from DERIV Ill and 112. DERIV classes, similarities clearly appear in the class dis-

It must be emphasized that we have attempted to tribution in Figure 10 and in boundaries on the maps from
illustrate the type of classificaion possible. The differen- luke (Fig. 1), expressing peak rainfall seasonality and in
tiating criteria were applied to tht; original 100 stations Manalo (Fig. 2), stressing seasonal duration. The symbols in 
plu%. 37 additional stations. To reduce complexity in display, Figure 10 convey information on seasonality, seasonal dura
classes were combined. Locations of the codes shown in lion, and mean monthly total rainfall. 
Figure 10 suggest spatial patterns among the classes as well Origins of rainfillpatterns. Rainfall patterns arise from 
as deviations from those patterns. the seasonality of air masses carrying moisture to the 
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Symbol DERIV classes 
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10. Locations of DERIV class members. Classes were combined to reduce complexity. See Figure 9. Thirty-seven stations were added to the 
original 100. 

country, the seasonality of disturbances causing precipita- masses - the northeast monsoon, the southwest monsoon," 
tion, and the distribution of topographic features inter- and the North Pacific trades - contribute to rainfall 
acting with the meteorological factors to create spatial patterns. The northeast monsoon begins in October as a 
variations in precipitation patterns. Manalo (13) and Flores weak stream, strengthens through to Januaiy and disap
and Balagot (4) discuss major meteorological and topo- pears by April. Most of the moisture in this air mass lies 
graphical factors that create the complex temporal and beneath a modarate inversion located at 1500-2000 m.As it 
spatial rainfall patterns seen in Figures 9 and 10. The dis- crosses the eastern coastline, this air mass produces much of 
cussion in this section is based largely on the discussions by the rainfall released on the windward sides of mountains. 
Manalo and by Flores and Balagot. Very little rain falls to the lee of the mourntains. Unimodal 

By the directions from which they approach the archi-' DERIV rainfall patterns with Novembf.r-January peaks 
pelago and their seasonalities, three maritime tropical air (311, 321, and 322) obtain a moderate to high proportion 
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of their precipitation from this air mass. The second peaks 
in bimodal patterns (2 11 212. 22 1. 231, 23-, and 233) 
derive much rainfall from this air mass. le very dry 
December-March periods of' PRI\" patterns 1_22,1 3 1 132. 
and 141 are found in the northeast monsoon rain shadows 
to the lee of' high loon taut ranges. 

Whereas the northeast monsoon is slallOW, tile southwest 
monsoon is deep, often attainitg an altitude of' 10 kili. 
Starting usually in May, this air mass crosses the ('hina amid 

- Sul Seas, peaking it A..ugust and disappearing by October. 
The air mnass is unstable. with frequent convective activity. 
It is the illaill colntribltor WJtle-\ugtNte_' peaks in the uni-
nodal and bimodal patte:ns. The vet-' strong pe:iks of' 
l)ILRIV patteriis 13 1. 132, and 141 are found along western 
coastlines and in ulountair. ranges ol the west sides of' the 
islands. These classes are f'ouiid frequentlv ill ceiltral and 
northeri Luzon where air flow across tile ('hina Sea is 
strong, steady, and undisturbed. Because lie air iass is 
deep and unstable from Jtne to Septeniber, rainfall is 
moderate in the western, ccntral. and soutthern portions of 
the archipelago. 

The North Pacific trades originate ill the central PI'aific 
and arrive fron the nortleast, east, and southeast. These 
trade winds are the flow of' a sialloah air mass that domti-
nates over the entire archipelago in April and early May, 
and over the central a,: southern areas in October. Con-
vective activity is moderate, but aftlernoon thunderstorns 
are common. '"l air mass also ciitributes to orographic 
rainfall. E-asterlv waves, periodic disturbances moving 
Within the North Pacific trades aboutt twice per week, con-
tribute moderately to precipitation, especially over tioui
tain ranges oil tie cast coast. The North Pacific trades coll
tribuite moderately to April aid Ma rainifall along the 
northwestern coast i l)l RIV classes 232, 233, and 3 11 
and to October rainfall ill all classes f'oiud along the east 
coast of the central and southern islands. 

Fre,,; November to Jiaiv. weak cold f'romtis pass 
across the nollerni half of' the couti'v, crealim frontal 
disturbances that contribute to the imuderate-to-Iigh 
Novetuber-December rainfall comlti to I)1 RIV patterns 
found in northern locations I)I'RIV patterns 112. 121 , 
321, aIi 322). 

The intertropical comivertemice /otte appears ill the south. 
west in May, progresses ntoriliward to a limit near the torth-
ern boundalV of' tile Philippilies by July, aid Hiloves south 
of the coutitry hv l)ecember. Surface :il converg2s from 
ntortlh and south al this Ioa\ tllough, 'lhese convergence 
zones influence rainfall pittelms by coitinib ting precipitl-
tion as frequent ait shiker,, otell intlense but localized, 
The weak binlodalitV co1mito0 to rainfall ptl terIS 01' inte-
rior central and southern islauds Ispatl atributable to a 
decline in disturbaitces \,te[] illi /0t1C is nonwllwauld diuring 
July, August. and September. It this m,oruisaid position, 
this low trough also disrupts lc.,v of file southwest moll-
soOIo across the soutlheril hall of the archipelago. 

Tl'ropical cyclones, although comparatively restricted ill 
area (400-700 kl in diameter), short in duration (36 It or 
!ess over a point ), and irregular in occurrence (within the 
Pll ilippines, an average of 11) are observed per year). are 
major contributors to wet season rainfall. Ninety peicent of 
these cyclones occur between .Juine atd l)ecember, witth 
Augst the modal mlont1h. Oly abotL 10"'. of' them track 
through the southern one-f ourth of the country, whereas 
2540 track through the east central islands of' Samar and 
-Masbate. Another 2540 ' track through the eastern and 

-northern provinces of' Luzon. Ten to 5 ; track through the 
western portions of' Luzon and through the western Visayas 
group. Of tie tropical cyclones that pass across the Philip
pines, those in May, June, November, and December tend 
to track through ile Visavall Islands. July, August, and 
September tropical cyclones generally follow iore norther
ly tracks. Many tropical cyclones track northward, staying 
Cast of the archipelago, but traveling parallel to the coast
line. Tie friiiges of these depressions contribute directly to 
rainfall ovei the east coast (10). 1y intensifying monsoon 
flow, they indirectlv increase rainfall on areas lying to the 
southwest of tile systeiu. 

Topography also affects season:td rainfall patterns. [he 
influence of, the north-south trending mountain ranges ott 
the east coasts of many islands has beenI mentioned. To 
their leewvards, ;hese muntains also create rain shadows 
especially f'roumi January to April. Minor terrain features and 
local circulation systems, arising front seasonal and diurnal 
land-wate r body temperature differences, also affect season
al pat terns. 

('(N(I I SIONS 

Technical class memberships, using class criteria determined 
f'roil staliOll wet m1oitldL-' 3 mouth data, did not agree 
closely with membership determined tromnmapped classes. 
When classes were determ .,d from station data,.53% of 
the stations were in classes different from those indicated 
by map boundaries. .\ltl mgh the map of' technical classes 
lives -,n overview of wet and dry season1 durations at tile 

national level, techmnicAl ,lasses deteriimied from data of 
tteab*' tations will prol;ably be more accurate than if 
determined bv locationi ott Jie rainfall pattern Illap. 

Analy'ses showed v,_,ry it:lIe correspondence between 
teclittical and mathematial class memberships. I:urther
inore. variability was greater within classes determined by 
technical criteria than those determined by' tile mathe
mnatical algorithms. Ilie greater variability is undesirable. 
[lle WI) clustering aIloritltl, with a fusion criterion basedt 
on a tinimu:m increase ili -sum ol'squares obtained ill f'usiitg 
two clsers, formed clutsters that iveraged less within. 
cluster variance than thise formed b% the IN algorithm. 
WI) left fewer nonicoif'ornlilIg statiotis dund plroduced mnore 
Imitilli'milmnber classes with a illoe evell flequelic(,of' m1el

http:data,.53
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