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FOREWORD 

A SUCCESSFUL RESEARCH, DEVELOPMENT, OR TRAINING PROGRAM REQUIRES A 
KNOWLEDGE OF THE EXTENT OF ENVIRONMENTAL REPRESENTATIVENESS OF TEST SITES 
AND TRAINING AREAS. THE QUARTERMASTER CORPS, AT THE REQUEST OF THE CORPS 
of Engineers, Waterways Experiment Station, under a directive from the 
U.S. Army General Staff, is developing a generalized, comparative, cli¬ 
matic PICTURE OF THE WET TROPICS THROUGHOUT THE WORLD BY A SERIES OF TROP¬ 
ICAL ANALOG STUDIES. ÎHE SERIES PARALLELS TWO SERIES ALREADY COMPLETED 
comparing Yuma, Arizona, with the various desert regions of the Northern 
Hemisphere, and Fort Greely, Alaska, and Fort Churchill, Canada, with 
the subarctic regions of North America and Eurasia. 

This i-- mt. tenth and final report or the tropical series. It com¬ 
pares the Canal Zone climate with that of the Pacific Islands, and by so 
doing provides a climatic reference for military planners and test per¬ 
sonnel. 
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ABSTRACT 

The climate of the Pacific Islands is compared with that of two 
LOCALITIES IN THE CANAL ZONE : BALBOA HE IGHTS, REPRESENTING THE DRIER, 
leeward, Pacific side of thc. Isthmus of Panama, and Cristobal, represent¬ 
ing THE WETTER, WINDWARD, ATLANTIC SIDE. OlSTRIBUTION OF AREAS OF ANALOGY 
OF PERTINENT CLIMATIC ELEMENTS AND COMBINATIONS OF THESE ELEMENTS ARE 
SHOWN ON MAPS. 

The temperatures of most of the Pacific area are greatly modified by 
THE WARM OCEAN CURRENTS. ONLY ON THE MOUNTAINOUS ISLANDS DO THE TEMPER¬ 
ATURES VARY GREATLY WITHIN SHORT VERTICAL DISTANCES FROM THE LOWLANDS TO 
THE HIGHLANDS. THE WINDWARD SLOPES OF THE MOUNTAINOUS ISLANDS ARE THE 
WETTEST AREAS TO BE FOUND IN THE PACIFIC AREA. RELATIVE HUMIDITIES ARE 
HIGH IN GENERAL BECAUSE OF THE NEARNESS OF LARGE WATER AREAS. CLOUDINESS 
IS GREATEST NEAR THE "HEAT EQUATOR" AND OVER THE OCEAN AREAS. WlNDSPEEDS 
ARE STEADY BUT NOT EXCESSIVE IN THE PACIFIC AREA. 

Complete 4-way analogy with both Canal Zone stations occurs in parts 
of THE Fiji and Society Islands. Parts of the Marshall Islands are 
analogous to Balboa Heights and parts of the Marquesas Islands are anal¬ 
ogous to Cristobal. The Gilbert Islands are too hot, and the Palau 
Islands are too wet for complete 4-way analogy. Many of the Pacific 
Islands have insufficient rainfall to be analogous to either Balboa Heights 
or Cristobal. Of the climatic elements used, the single most limiting 
element is the mean temperature for the coldest month. The higher slopes 
of the volcanic islands are too cold in winter to be analogous to either 
Canal Zone station. The lee exposure of Honolulu, Hawaii, is the only 
place analogous outside of the zone north of 20°N or south of 20°S lati¬ 
tude. 
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ANALOGS OF CANAL ZONE CLIMATE IN THE PACIFIC ISLANDS 

1. Purpose and scope 

This report is the .enth and last study of a slries comparing the 
CLIMATE OF OTHER TROPICAL REGIONS WITH ; HAT OF CRISTOBAL AND BALBOA 
Heights, Canal Zone. These two stations were selected to represent the 
CLIMATES OF THE ATLANTIC AND PACIFIC PORTIONS OF THE CANAL ZONE, RESPEC¬ 
TIVELY. The environment of Cristobal is described in a previous report 
(Wiley and others, 1955)* 

NO ATTEMPT HAS BEEN MADE TO PROVIDE A REGIONAL CLIMATOLOGY OF THE 
Pacific Islands. Instead, the method has seen to select certain climatic 
ELEMENTS THAT ARE CONSIDERED PARTICULARLY SIGNIFICANT AND, FOR EACH OF 
THESE, TO MAP THE AREAS WITHIN THE REGION CONSIDERED CLOSELY ANALOGOUS 
to either Balboa Heights or Cristobal. Some of the information presented 
ON THESE MAPS OF SINGLE CLIMATIC ELEMENTS HAS BEEN CONSOLIDATED INTO TWO 
COMPOSITE MAPS, ONE FOR EACH OF THE TWO CANAL ZONE STATIONS, INDICATING 
THE COINCIDENCE OF ANALOGY FOR 1 TO 4 ELEMENTS. IN THE PACIFIC ISLANDS 
only the Hawaiian and Fiji Islands were selected as being large enough to 
BE SHOWN ON THESE TWO COMPOSITE MAPS WITHOUT TAKING IN LARGE AREAS OF THE 
Pacific Ocean. 

2. Delimitation and geography of the Pacific Islands 

The Pacific Islands, as defined for this study, include most of the 
islands and island groups of the Pacific Ocean within 30°N and S of the 
Equator and between the Galapagos Islands in the eastern Pacific and the 
Palau Islands in the western Pacific. New Guinea and the Solomon Islands, 
although in this region, were covered in a previous study. Analogs of 
Canal Zone Climate in Australia and New Guinea, and therefore are excluded. 

a. Topography 

In general, the eastern Pacific has almost no islands, whereas 
the western Pacific is characterized by numerous islands. Typically, 
THE ISLANDS RISE FROM SUBMARINE PLATFORMS Of LAVA AS VOLCANIC CONES OR 
CORAL ATOLLS. THUS, THE ISLANDS OF THE PACIFIC ARE EITHER VERY MOUN¬ 
TAINOUS OR VERY FLAT AND LOW-LYING, THE ONLY EXCEPTIONS BEING A FEW WHICH 
ARE COMPOSITES OF BOTH PRIMARY TYPES. 

There are about 559 Pacific Islands (not including the thousands of 
tiny islets). The total land area is approximately 32,536 SQUARE MILES. 
For convenience, in this report the Pacific is divided into six regions: the 
SOUTHEASTERN, THE CENTRAL, THE NORTHEASTERN, THE WESTERN, THF NORTHWESTERN, 
AND THE SOUTHWESTERN PACIFIC. 

The following alphabetized index gives the regional location of each 
of THE ISLAND GROUPS (single ISLANDS ARE IN PARENTHESES; MENTIONED IN THE 



DISCUSSION OF TOPOGRAPHY, ACCORDING TO THE REGIONAL AREA OF THE PACIFIC. 
This index pay be useful in following the discussion of the individual 
MAPS (PARAGRAPHS j> AND 6). 

Banks SW 
Bonin NW 
Caroline W 
Cook Cen 
Duke of Gloucester SE 
Ellice Cen 
Fiji SW 
Galapagos SE 
Gilbert W 
Hawaiian NE 
Line Cen 

Loyalty SW 
Mariana W 
Marquesas SE 
Marshall W 

(Nauru W) 
New Caledonia SW 
New Hebrides SW 

(Niue Cen) 
(Norfolk SW) 
(Ocean W) 

Palau V 
Phoenix Cen 

Pitcairn 
Samoa 
Santa Cruz 
Society 
Tokelau 
Tonga 
Tuamotu 
Tubuai 
Volcano 
Wallis & 

Futuna 

SE 
Cen 
SW 
SE 
Cen 
Cen 
SE 
SE 
NW 

Cen 

The topography of the 6 regions is discussed below. 

SE Pacific. In the southeastern Pacific there are 133 major islands 
TOTALING 4,371 SQUARE MILES. INCLUDED ARE THE FOLLOWING ISLAND GROUPS: 

Duke of Gloucester 
Galapagos 
Marquesas 

Tubuai 

Pitcairn 
Society 
Tuamotu 

There are 110 French islands (Marquesas, Society, Tuamotu and Tubuai), 
WITH A TOTAL LAND AREA OF 1,450 SQUARE MILES. TAHITI IN THE SOCIETY 
Islands has the highest altitude of any of the islands in the SE Pacific, 
WITH AN ELEVATION OF FEET. ÎHE DUKE OF GLOUCESTER ISLANDS AND THE 
4 ISLANDS IN THE PlTCAIRN COLONY ARE SMALL, THE PlTCAIRN ISLANDS TOTALLING 
APPROXIMATELY 6 SQUARE MILES. THE l8 GALAPAGOS ISLANDS (BELONGING TO 
Ecuador), exclusive of numerous r. cks and islets, contain approximately 
2,870 square miles. Albermarle (or Isabella), the largest in the group, 
HAS AN AREA OF APPROXIMATELY 9OO SQUARE MILES AND A MAXIMUM ELEVATION OF 
5,620 FEET. 

Cen Pacific. In the central Pacific region there are 224 
TOTALING 2,038 SQUARE MILES. THE REGION INCLUDES THE FOLLOWING 

ISLANDS, 
groups: 

Cook 
Ell i ce 
Line 
Phoenix 

AND THE FOLLOWING INDIVIDUAL 

N 

Samoa (American t Western) 
Tokelau 
Tonga 
Wallis & Futuna 

i sland: 

iue (SSE of Samoa) 
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The Tonga group has the largest number of islands, l6o, but it has 
A TOTAL AREA OF ONLY 2Ó9 SQUARE MILES. In CONTRAST, WESTERN SAMOA IS COM¬ 

POSED OF ONLY 4 ISLANDS, BUT THEY COVER 1,138 SQUARE MILES. SaVII, THE 

LARGEST ISLAND, WITH AN AREA OF 703 SQUARE MILES, HAS A PEAK ELEVATION 
OF 6,094 FEET. 

NE Pac i F ic. The northeastern Pacific region comprises 20 islands, 
WHICH TOTAL 6,443 SQUARE MILES IN ARE* THE AREA OF THE 8 LARGEST ISLANDS 

TOTALS 6,435 SQUARE MILES. INCLUDED IS THE FOLLOWING ISLAND GROUP: 

Hawai i an 

Also included are numerous low atolls, islets, reefs and shoals, 
(for example: Kaula, Nihoa, Necker, French Frigate Shoal, Gardner 
Pinnacles, Laysan, Lisianski, Pearl and Hermes Reef, Midway and Kure 
Island). The island of Hawaii, the largest in the Hawaiian group, is 
4,030 SQUARE miles in AREA, AND HAS a PEAK ELEVATION OF 13,784 FEET. 

w Pacific. In the Western Pacific region, the 129 large islands 
COVER APPROXIMATELY 1,054 SQUARE MILES OF LAND AREA. THEY INCLUDE THE 
following groups: 

Caroline Mariana 
Gilbert Marshall 

Palau 

AND THE 2 ISLANDS: 

Nauru Ocean 

LOCATED WEST OF THE GILBERTS. 

The Caroline group includes 60 islands whose total area is 46l 

square miles. The Marianas are 17 islands whose total area is 399 
SQUARE MILES. GUAM, THE LARGEST ISLAND OF THIS GROUP, HAS OVER HALF 

THE LAND AREA, WITH 216 SQUARE MILES. THE MARSHALLS AND GILBERTS ARE 

CORAL ATOLLS, RANGING IN SIZE FROM APPROXIMATELY 1 SQUARE MILE TO NEARLY 

850 SQUARE MILES. THE MARSHALLS ARE A GROUP OF 3^ ISLANDS WHOSE LAND 

AREA IS 70 SQUARE MILES. KWAJELEIN, THE LARGEST ISLAND IN THE MARSHALLS, 

IS 6 SQUARE MILES IN AREA. THE GILBERTS INCLUDE l6 ISLANDS, WHICH OCCUPY 
114 SQUARE MILES OF LAND AREA. 

NW Pacific. In the northwest Pacific region there are 19 islands 
WHOSE TOTAL LAND AREA IS APPROXIMATELY 39 SQUARE MILES. THE REGION 
includes: 

Bonin Volcano 
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Thcre are l6 Bonin Islands, with a total area of 28 square miles. 

Chichi Shima, the largest island, has approximately 10 s«uare miles of 

LAND AREA. THERE ARE ONLY 3 VOLCANO ISLANDS, AND THEY HAVE 11 SQUARE 

MILES OF LAND AREA; I WO JlMA, THE LARGEST, HAS APPROXIMATELY 8 SQUARE 
MILES. 

SW Pacific. In the southwestern Pacific there are 3¾ large islands, 

COVERING APPROXIMATELY l8,591 SQUARE MILES OF LAND AREA. THE REGION 
INCLUDES THE FOLLOWING ISLAND GROUPS: 

Banks New Caledonia 

Piui New Hebrides 

Loyalty Santa Cruz 

AND THE ISLAND OF NORFOLK. 

The F|J|S, THE LARGEST GROUP, IS COMPOSED OF 7 LARGE ISLANDS, WHICH 

TOTAL 6,66l SQUARE MILES OF LAND. VlTI LeVU, WITH 4,053 SQUARE MILES OF 

LAND, AND VaNUA LEVU, WITH 2,137 S«UARE MILES, ARE THE PRINCIPAL ISLANDS 

OF THIS GROUP. THE NEW HEBRIDES HAS l4 LARGE ISLANDS AND 3,590 SQUARE 

MILES OF LAND. SANTO, THE LARGEST ISLAND OF THE GROUP, HAS 1,500 SQUARE 

MILES OF LAND AND A PEAK ELEVATION OF 6,195 FEET. THERE ARE 3 LOYALTY 

Islands, with a total of 800 square miles of land area. New Caledonia, 

THE LARGEST ISLAND IN THE STUDY AREA, HAS A TOTAL OF 6,200 SQUARE MILES. 

There are 5 small islands associated with New Caledonia that total 800 
square hiles. The Santa Cruz Islands have 350 square miles and the 7 
ISLANDS OF THE BANKS GROUP HAVE I9O SQUARE MILES OF LAND AREA. 

b. Major climatic controls 

Major influences on the climate of the Pacific Island, are the 
GENERAL CIRCULATION OF THE ATMOSPHERE, THE CURRENTS OF THE PACIFIC 
Ocean, and the orographic effect of the mountains. 

The northeast and southeast trade-wind belts arc regions or fairly 

STRONG AND STEADY WINDS. ÎHE SOUTHEAST TRADE BELT EXTENDS FROM ABOUT 

LATITUDE 25°S TO 5°N, AND THE NORTHEAST TRADE BELT ÎS GENERALLY BETWEEN 

5 AND 25°N. The general area where the trade wind belts meet is known 

AS THE DOLDRUMS, OR THE ZONE OF INTERTROPICAL CONVERGENCE. IN THIS 200- 

TO 300-MILE-WIDE ZONE, ASTRIDE OR NEAR THE EQUATOR, WINDS ARE LIGHT AND 

VARIABLE, CLOUDINESS IS GENERALLY HEAVY, AND THUNDERSTORMS ARE FREQUENT. 

At BOTH POLEWARD SIDES OF THE TRADE-WIND BELTS, OWING TO SUBSIDENCE OF 

COOLER AIR INTO SEMIPERMANENT HIGH PRESSURE CELLS, WEATHER CONDITIONS ARE 

GENERALLY FAIR. In THE WESTERN PACIFIC THE TRADE WINDS ARE CONSIDERABLY 

MODIFIED BY THE ASIAN MONSOON. In THE NORTHERN SUMMER, WHEN THE MONSOON 

BLOWS LANDWARD, THE TRADE WINDS TEND TO BE INTENSIFIED. IN WINTER THEY 

r\ 
L * 
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TEND TO BT OVERSHADOWED BY THE SEAWARD FLOW. ¡N BOTH CASES THE NORMAL 

SOUTHEAST AND NORTHEAST DIRECTIONS ARE SOMEWHAT CHANGED BY THE INFLUENCE 
OF THE MONSOON. 

The climate in the Pacific region is greatly modified by the ocean 

currents. The warm Equatorial Current flows westward both north and 

south of the doldrums. When this current reaches the islands of the 

western Pacific the water piles up and divides; part is deflected north 

TO FEED THE NORTH PACIFIC DRIFT, AND PART RETURNS EASTWARD THROUGH THE 

doldrums to form the Equatorial Countercurrent. The Equatorial Current 

and Equatorial Countercurrent are warm and steady in their '•low. The 

huge mass of the Pacific Ocean and its warmth prevent low temperatures 
ON ALL BUT THE HIGHEST MOUNTAINS IN THE ISLANDS. 

Because the mountains on some islands act as barriers and force 

THE MOIST TRADE WINDS TO RISE AND COOL, THE WINDWARD SIDES OF THESE MOUN¬ 

TAINOUS ISLANDS ARE VERY WET, WHILE THE LEE SIDES OF THE ISLANDS ARE 

COMPARATIVELY HOT AND DRY. THUS, THE CLIMATE OF THE MOUNTAINOUS ISLANDS 

MAY VARY CONSIDERABLY WITHIN SHORT VERTICAL AND HORIZONTAL DISTANCES, 

WHILE THE LOW FLAT ISLANDS ARE FAIRLY DRY AND UNIFORM IN THEIR CLIMATE. 

3* Climatic summary of the Canal Zone 

The Pacific portiom of the Canal Zone, represented by Balboa 

Heights, has a moderately humid, tropical climate with a relatively dry 

BESSON OF FOUR MONTHS (FlG. l). THE DIFFERENCE IN MEAN MONTHLY TEM¬ 

PERATURES OF THE WARMEST AND COLDEST MONTHS IS ONLY 2F°, AND THE RANGE 

FROM THE HIGHEST MEAN DAILY MAXIMUM (MARCH AND APRIL, 90°F) TO THE LOW¬ 

EST MEAN DAILY MINIMUM (FEBRUARY, 71°F) IS ONLY 19F°. THE MEAN ANNUAL 

TEMPERATURE OF IS TYPICAL OF EQUATORIAL ARfsS. PRECIPITATION, 

AVERAGING "JO INCHES ANNUALLY, IS MARKEDLY SEASONAL. TWO MONTHS, FEB¬ 

RUARY and March, have less than 1 inch of rainfall, and 5 months have 

MORE THAN 8 INCHES. THE DRY SEASON BEGINS IN DECEMBER AND ENDS IN 

April. Rainfall during the remaining months is more than 7 inches; 

October and November both have more than 10 inches. Relative humidity 

IS HIGH FROM JUNE THROUGH NOVEMBER. CLOUDINESS IS AT A MAXIMUM FROM 

May through November, coinciding with the wet season; sky coverage 

AVERAGES ABOUT 8 TENTHS AT BALBOA HEIGHTS AT THAT SEASON. WlNDSPEED, 

HOWEVER, IS GREATEST DURING THE DRY SEASON; WINDS AVERAGE 9 TO 10 MPH 

at Balboa Heights from January through April, but omly about 5 to 6 

MPH IN THE OTHER MONTHS. SOUTHEASTWARD TOWARD THE COAST, THERE IS A 

SLIGHT DECREASE IN RAINFALL AND AN INCREASE IN TEMPERATURE, AS ELEVA¬ 

TION DROPS TO SEA LEVEL FROM 1l8 FEET AT BALBOA HEIGHTS. 

The Atlantic portion of the Canal Zone, represented by Cristobal, 

HAS A WET-TROPICAL CLIMATE (FlG. l). THE DIFFERENCE IN MEAN TEMPERATURES 

OF THE WARMEST AND COOLEST MONTHS IS ONLY 2F°, AND THE RANGE FROM THE 

5 



CRISTOBAL BALBOA HEIGHTS 
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Figure 1. Climatic Summary of 2 Canal Zone stations 
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HIGHEST MEAN DAILY MAXIMUM (APRIL, MAY, JUNE, SEPTEMBER, AND OCTOBER, 
86CF) TO THE LOWEST MEAN DAILY MINIMUM (OCTOBER AND NOVEMBER, 75°F) IS 
ONLY 11F°. The mean annual temperature of 8i°F is typical of e«uatorial 
areas. Precipitation averages 130 inches a year, and the monthly dis¬ 
tribution is uneven. Although no month can be considered completely 
DRY, 2 MONTHS HAVE LESS THAN 2 INCHES OF RAINFALL, WHILE 8 MONTHS HAVE 
MORE THAN 11 INCHES. ÎHE "dry" SEASON AT CRISTOBAL BEGINS IN JANUARY 
(3*4 inches) and ends in April (4.1 ihühes). During the remaining 
MONTHS, AVERAGE RAINFALL RANGES FROM NEARLY 12, TO MORE THAN 22 INCHES 
hi November. Mean relative humidity is high in all months; the lowest 
MEAN VALUE, 77 PERCENT, OCCURS IN BOTH FEBRUARY AND MARCH. CLOUD COVER 
IS GREATEST IN JULY, 8 TENTHS, AND LEAST IN FEBRUARY, 5-5 TENTHS. MEAN 

WINDSPEED IS GREATEST IN FEBRUARY AND MARCH (NEARLY 1¾ NPh) AND LEAST 
in September (about 6 mph). 

4. Criteria and methods 

a. Climatic elements selected for study 

As IN THE PREVIOUS STUDIES OF THIS SERIES, TEMPERATURE, PRECIPI¬ 
TATION, HUMIDITY, CLOUD COVER* A-'ND WINOSPltB WERE THE CLIMATIC ELEMENTS 
CONSIDERED MOST IMPORTANT TO MILITARY ACTIVITIES. It WAS ASSUME» THAT 
TEST AUTHORITIES ARE MORE INTERESTED IN STRESS PERIODS (e*0‘> NOTTEST AND 
WETTEST) AND ANNUAL FLUCTUATIONS THAN IN THE DATA FOR SPECIFIC CALENDAR 
months; ACCORDINGLY, THE WARMEST, COLDEST, WETTEST, AND DRIEST MONTHS 
OF THE YEAR AT EACH STATION WERE SELECTED FOR STUDY. THE FCLLOWING 
SPECIFIC COMBINATIONS OF ELEMENT AND MONTH WERE STUDIEDl 

(1) Mean temperature of the warmest month 
(2) Mean daily maximum temperature of the warmest month 
(3) Mean temperature of the coldest month 
(4) Mean daily minimum temperature of the coldest month 
(5) Mean daily temperature range of the warmest month 
(6) Mean annual precipitation 
(7) Mean precipitation of the wettest month 
(8) Number of wet months 
(9) Relative humidity or the driest month 

(10) Mean cloud cover of the wettest month 
(11) Mean wjnospced of the wettest month 

»• “Analogous" and "semianalogous" ranges defined 

Classes were established defining the ranges of values considered 
closely analogous to those for Balboa Heights and Cristobal. Fairly 
narrow limits of analogy were used to keep comparisons closely represen- 
tative of the two reference stations. Table ! lists the classes of 
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ANALOGY AND SEM!ANALOGY SELECTED FOR EACH ELEMENT. FOR TEMPERATURE, A 

DEPARTURE OF 4 DEGREES (EXCEPT WHERE A MEAN WAS TAKEN FOR THE TWO REFER¬ 

ENCE stations) from the mean at the Canal Zone station was allowed for 

EACH ANALOGY CLASS, AND AN ADDITIONAL 4 DEGREES FOR SEMIANALOGY. FOR 

PRECIPITATION, DEPARTURES OF 15 INCHES OF MEAN ANNUAL RAINFALL WERE CON¬ 

SIDERED ANALOGOUS TO BALBOA HEIGHTS AND AN ADDITIONAL IJ INCHES FOR SEMI- 

ANALOGY. THE MEAN ANNUAL RAINFALL OF "JO INCHES AT BALBOA HEIGHTS IS SOME¬ 

WHAT BELOW THAT NORMALLY CONSIDERED HUMID EQUATORIAL FOR A LOCALITY WITH 

A DRY SEASON] THEREFORE, IN THIS STUDY THE LIMITS OF ANALOGY WERE SET AT 

55 TO 85 INCHES, DIFFERENTIATING IT FROM MOST EVERGREEN RAIN FOREST AREAS, 

ON THE UPPER MARGIN, AND SAVANNA AREAS, ON THE LOWER MARGIN. CRISTOBAL, 

WHICH HAS A TROPICAL EVERSREEN RAIN FOREST TYPE OF CLIMATE, HAS A MEAN 

ANNUAL RAINFALL OF 13O INCHES. DEPARTURES OF 3O INCHES OF MEAN ANNUAL 

RAINFALL WERE CONSIDERED ANALOGOUS TO CRISTOBAL AND AN ADDITIONAL 30 INCHES 

WAS CONSIDERED SEMI ANALOGOUS. DEPARTURES OF 5 PERCENT IN MEAN RELATIVE 

HUMIDITY, 1 TENTH IN AMOUNT OF CLOUDINESS, AND Z WPH IN WINDSPLED WERE 

SELECTED AS RANGES OF ANALOGY FOR THESE RESPECTIVE ELEMENTS. 

c. Explanation of maps 

Most of the climatic elements selected for study are represented 

BY TWO maps; one ("A" series) is a very small-scale map of the WHOLE REGION, 

WHICH SHOWS THE DEGREE OF ANALOGY BY SYMBOL, AND THE OTHER ("B" SERIES) IS 

A LARGER-SCALE MAP OF THE HAWAIIAN AND FIJI ISLANDS, WHICH DEPICTS ANALOGY, 

BOTH BY STATION SYMBOL AND BY MEANS OF ISOPLETHS AND SHADING. FROM THE SEP¬ 

ARATE MAPS SHOWING ANALOGOUS AREAS FOR EACH ELEMENT, TWO COMPOSITE MAPS WERE 

PREPARED (ONE FOR BALBOA HEIGHTS AND ONE FOR CRISTOBAL) INDICATING AREAS IN 

the Hawaiian and Fiji Islands where the following four single elements are 

analogous; mean temperature of the warmest month, mean temperature of the 

coldest month, mean annual precipitation, and number of wet months. 

d. Limitations of data 

The procedures as outlined have certain definite limitations in a 

climatic comparison of this sort. oremost among these is the necessity, 

OFTEN ENCOUNTERED IN CLIMATOLOGY, OF ASSUMING CLIMATIC CONDITIONS IN AREAS 

HAVING FEW IF ANY STATIONS. A SECOND LIMITATION IS THAT SOME ELEMENTS, SUCH 

AS DEW POINT, SOLAR RADIATION, AND VISIBILITY, WHICH WOULD HAVE. PROVED VALU¬ 

ABLE AS INDICATORS OF CLIMATIC ANALOGY, WERE NOT INCLUDED IN THIS STUDY BE¬ 

CAUSE OF THE LIMITED AMOUNT OF DATA AVAILABLE. THE ASSUMPTION HAS BEEN MADE 

that Balboa Heights and Cristobal are representative of the Pacific and 

Atlantic portions of the Canal Zone. Data from some Facífic Island stations 

ARE NOT GIVEN IN A FORM DIRECTLY COMPARABLE TO THOSE FROM BALBOA HEIGHTS AND 

Cristobal. Where periods of record, hours of observation, or manner of ob¬ 

servation DIFFERED, STATION RECORDS HAD TO BE INTERPOLATED. VALUES OUTSIDE 

THE LIMITS OF ANALOGY OR SEMIANALOGY WERE NOT ANALYZED, NOR WERE COMBINATIONS 

OF CLIMATIC ELEMENTS OTHER THAN THOSE INVOLVED IN COMPUTING NUMBER OF WET 
MONTHS. 
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The method of recording temperatures varies from island to island. 
Mean tempef<atures are usually determined by averaging the daily maximum 
and minimum temperature; however, at some stations in the Pacific Islands, 
THE MEANS ARE OBTAINED BY AVERAGING Bl-HOURLY TEMPERATURE OBSERVATIONS, AS 
at Balboa Heights and Cristobal. Experience has shown that the difference 
BETWEEN^MEAN TEMPERATURES DERIVED IN THESE DIFFERENT WAYS IS SELDOM MORE 
than IF . Hours of observation of relative humidity, windspeed, and 
CLOUDINESS VARY WIDELY THROUGHOUT THE STUDY AREA. 

5* Analysis of single-element maps 

Station locations are given on Figure 2A and 2B. In the analysis 
BELOW, THE "A" SERIES MAP WILL BE DISCUSSED FIRST, THEN THE "B" SERIES 
(Hawaiian and Fiji Islands). Individual maps showing analogous areas for 
the Hawaiian and Fiji Islands ("B" series) have been prepared for the first 
8 CLIMATIC ELEMENTS LISTED IN PARAGRAPH 4a ABOVE. BECAUSE THE DATA FOR 
THE OTHER 3 ELEMENTS ARE NOT ADEQUATE FOR ISOLIIYE ANALYSIS, THEY ARE SHOWN 
ONLY AS VALUES FOR INDIVIDUAL STATIONS ON THE SMALL * Z»ALE MAP, AND NO 
ANALOGOUS ("B" SERIES, HAWAIIAN AND F|J| ISLANDS) MAPS FOR THESE ELEMENTS 
WERE PREPARED. 

a. Mean temperature, warmest month (Figs. 3A and 3B) 

As Table I* indicates, the analogous range of the mean tempera¬ 
ture FOR THE WARMEST MONTH FOR BALBOA HEIGHTS AND CRISTOBAL IS 77° TO 
85°F. Most of the Pacific Islands appearing in the study area south and 
WEST OF THE HAWAIIAN ISLANDS ARE ANALOGOUS WITH THE EXCEPTION OF THE 
Gilbert Islands, which are too hot, and the highland areas of the moun¬ 
tainous ISLANDS, WHICH ARE TOO COLD. 

In the Hawaiian Islands, only lowland areas with lee exposures are 
ANALOGOUS » FAIRLY LARGE AREAS OF THE FlJIS ARE ANALOGOUS, WITH SMALLER 
INLAND AREAS TOO COOL FOR ANALOGY. 

s. Mean daily maximum temperature, warmest month (Figs. 4a and 4b) 

At Balboa Heights, the mean daily maximum temperature for the 
WARMEST MONTH IS 90oF; AT CRISTOBAL IT IS 86°F. As RANGES OF ANALOGY 
FOR THE TWO STATIONS ARE RESPECTIVELY 86° TO 94°F AND 82° TO 90°F, THERE 
IS A RANGE OF COMPLETE ANALOGY FOR BOTH STATIONS FROM 86° TO 90°F. MUCH 
of the Pacific area is analogous to both stations. Abaing Island in the 
Gilberts is too hot to be analogous to either Canal Zone station; Norfolk 
Island in ihe far southwestern part of the study area and all highland 
AREAS ARE TOO COLD TO BE ANALOGOUS. THERE ARE SINGLE STATIONS IN THE 
Loyalty, Mariana, and Marquesas Islands which are analogous to Balboa 
Heights only. In the afternoon, temperatures are usually much higher 
on the lee sides than on the windward sides of the islands. 

♦All tables are given in paragraph 7. 
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In the Hawaiian and Fiji Islands there are large areas analogous to 
Cristobal alone or to both Cristobal and Balboa Heights. 

c* Mean temperature, coldest mouth (Figs. $A and 5E) 

Analogy for both Balboa Heights and Cristobal is 750 to 83°F for 
THE MEAN TEMPERATURE OF THE COLDEST MONTH. THE PACIFIC ISLANDS ARE ANAL¬ 
OGOUS, EXCEPT THE following: 

Banks 
Bonin 
Cook (part) 
Duke of Gloucester 
Fuis (part) 
Galapagos 
Gilbert (part) 
Hawaii (part) 

Wake 

Loyalty 
New Caledonia 
New Hebrides 
Norfolk 
Santa Cruz 
Society (part) 
Tonga 
Volcano 

I N THE 
ANALOGOUS. 

Hawaiian Islands, only Honolulu, with its lee exposure, 
Fiji is analogous, except for southern parts. 

i s 

D. Mean daily minimum temperature, coldest month (Figs. 6a and 6b) 

The analogous range for mean daily minimum temperature of the 
coldest month for Balboa Heights is 670 to 75°F, and for Cristobal, the 
analogous temperatures are 710 to 79°F. Therefore, 710 to75°Fis analogous 
to both stations. Stations are analogous as in the following lists: 

Balboa Heights 

Cook ( parts) 
Duke of Gloucester 
Galapagos 
Samoa (parts) 
Santa Cruz 
Society (parts) 

Both 

Carolines (western) 
ElLíCE 
Line (i.pt) 
Marianas 
Marquesas 
Samoa ( part) 
Society (part) 
Tuamotu 

Cristobal 

Carolines (eastern) 
Gilbert 
Line (northern) 
Marshall 
Phoenix 
Tokelau 

All of Hawaii is too cool for analogy with either station for this 
CLIMATIC ELEMENT. A VERY SMALL AREA IN FlJI IS ANALOGOUS WITH BALBOA 
Heights and an even smaller area is analogous with both stations. 

E* Mean daily temperature range, warmest month (Figs. 7A and 7B) 

At Balboa Heights, the mean daily temperature range for the warm¬ 
est MONTH IS I6F , AND AT CRISTOBAL IT IS BF“. TEMPERATURES WITHIN 4F° OF 
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THÈSE TWO RANGES ARE CONSIDERED CLOSELY ANALOGOUS. ÏHE ANALOGOUS AREAS 
MAY BE GENERALLY STATED AS FOLLOWS: 

Balboa Heights Cristobal 

All, except those 
LISTED FOR CRISTOBAL 

Carolines 
Cook 
Ellice 
Gilberts (parts) 
Guam 

Line (parts) 
Marshalls 
Phoenix 
Santa Cruz 
Tokelau 

Most of the Hawaiian Islands are analogous to Balboa Heights, except 
for a small area analogous to Cristobal and another small area too cool 
rOR ANALOGY. MOST OF THE Fiji ISLANDS ARE ANALOGOUS TO BALBOA HEIGHTS, 
EXCEPT FOR A VERY SMALL AREA ANALOGOUS TO CRISTOBAL. 

F- Mean annual precipitation (Pigs. 8a and SB) 

The range of analogy of mean annual precipitation is 55 to 85 
inches for Balboa Heights, and 100 to l6o inches for Cristobal. The areas 
OF ANALOGY ARE AS FOLLOWS: 

Balboa Heights Cristobal 

Bonin 
Cook 
Ellice (parts) 
Puis (parts) 
Gilberts (parts) 
Loyalty (parts) 
Mari anas 
Marquesas (parts) 
Marshalls 
Nauru 
Ocean 
Society (parts) 
Tonga 

Carolines 
Ellice (parts) 
Marquesas (parts) 
New Hebrides (parts) 
Palau 
Samoa ( parts) 
Santa Cruz 
Society (parts) 
Tokelau 

The Hawaiian Islands and parts of the Fiji Islands are analogous to 
Balboa Heights, and parts are analogous to Cristobal. 

The exposure of any weather station with relation to the local topo¬ 
graphy often determines both the total annual rainfall and its seasonal 
course. For example, the island of Hawaii illustrates its dependence upon 

If ™P0GRAPHY- The island cons,sts of two volcanic mountains nearly 
14,000 FEET ABOVE MEAN SEA LEVEL. THE PREVAILING TRADE WIND IS FROM THE 

NORTHEAST, AND THE MAXIMUM RAINFALL OF 320 INCHES OCCURS AT ELEVATIONS OF 
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1,800 TO 3,000 FEET ON THE EASTERN SLOPE OF THE ISLAND. By CONTRAST, THE 

WESTERN SLOPE, ONLY A FEW MILES AWAY ON THE LEE SIDE OF THE MOUNTAINS, 

USUALLY RECEIVES LESS THAN 40 INCHES PER YEAR. 

g. Mean precipitation, wettest month (Figs. 5M and 9B) 

Wettest month precipitation analogy with Balboa Heights is 8 to 
14 inches; with Cristobal, 15 to 29 inches. Areas of analogy are as 
follows: 

Balboa Heights Cristobal 

Boni ns 
Carolines (parts) 
Cook 
Ellice (parts) 
Gilberts 
Line (parts) 
Loyalty 
Marquesas (parts) 

New Hebrides 
Phoenix 
Santa Cruz 
Society (parts) 
Tokelau 
Tonga 
Tuamotu 

Carolines (parts) 
Ellice (parts) 
Marguesas (parts) 
Palau 
Samoa 
Society (parts) 

Parts of the Hawaiian Islands and 
Balboa Heights; parts are analogous to 

the Fiji Islands 
Cristobal. 

ARE ANALOGOUS TO 

h. Number of wet months (Figs. 10A and 10B) 

In this series of analogs the term "wet month" is based ON THE 
ThORNTHWAITE (1931) formula, in which higher temperatures must be asso¬ 
ciated with more precipitation in order for a month to be called humid. 
Mean monthly precipitation for any given mean monthly temperature must be 
AT LEAST AS HIGH AS THE VALUES INDICATED BELOW IN ORDER TO BE CALLED WET. 

Mean monthly Mean monthly 

TEMPERATURE (°F) PRECIPITATION ( I N.) 



Analogous areas are as follows: 

Balboa Heights 
only Both Cristobal only 

None Marquesas (parts) 
Marshalls (parts) 
Phoenix 
Society (parts) 

Cook (parts) 
Ellice (parts) 
Gilberts 
Guam 
Loyalty (parts) 
Marquesas (parts) 

Marshalls (parts) 
Midway 
New Caledoni a 

(parts) 
Society (parts) 
Tonga (parts) 

Areas wh 
TOO WET TO BE 

CH ARE TOO DRY TO BE ANALOGOUS TO BALBOA HEIGHTS, 
ANALOGOUS TO CRISTOBAL ARE AS FOLLOWS: 

AND THOSE 

TOO DRY FOR 
Balboa Heights 

Too wet for 
Cristobal 

Galapagos 
Wake 

Bonin 
Carolines 
Cook (parts) 
Duke of Gloucester 

( parts) 
Line (parts) 
Loyalty (parts) 

Marianas (parts) 
Marquesas (parts) 
Marshalls (parts) 
New Hebrides (parts) 
Norfolk 
Ocean 
Palau 

Samoa 
Society (parts) 
Tokelau 
Tonga (parts) 
Tuamotu (parts) 
Tubuai (parts) 

Part of the Hawaiian Islands is the only area analogous to Balboa 
Heights alone. Parts of the Hawaiian Islands and Fiji Islands are anal¬ 
ogous to both Balboa Heights and Cristobal. Parts of the Fiji Islands are 
ANALOGOUS TO CRISTOBAL ALONE. PARTS OF THE HAWAIIAN ISLANDS ARE TOO DRY TO 
BE ANALOGOUS TO BALBOA HEIGHTS, WHILE PARTS OF BOTH THE HAWAIIAN ISLANDS 
and the Fiji Islands are too wet for analogy to Cristobal. 

i. Relative humidity, driest month (Fig. 11) 

Relative humidities of the driest month of 7° T<> 8° percent and 12 
TO 82 PERCENT ARE CONSIDERED ANALOGOUS FOR BALBOA HEíGHTS AND CRISTOBAL, 
RESPECTIVELY. ANALOGOUS AREAS ARE AS FOLLOWS: 

Balboa Heights 
_ONLY_ 

None 

Both 

Carolines (parts) 
Cook 
Loyalty 
Marquesas (parts) 
New Hebrides (parts) 
Tonga 
Tuamotu 

Cm SI OB AL ONLY 

Carolines (parts) 
Marshalls 
Phoenix 
Samoa 
Society 
Tokelau 
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Areas which are not analogous to either station because the relative 
HUM IL) IT Y IS EITHER TOO HIGH OR TOO LOW ARE AS FOLLOWS! 

TOO HIGH RH TOO LOW RH 

Bonin 
Marquesas (parts) 
MlDWAY 
Niue 

Gilberts 
L I NL 
New Caledonia 

Parts of the Hawaiian Islands and Fiji Islands are analogous to both 
stations. Parts of the Fiji Islands are analogous to Cristobal alone. 

J* Mean cloudiness, wettest month (Fig. 12) 

Sky cover of 7 to 9 tenths is considered analogous for both Canal 
Zone stations in the wettest month. The areas of analogy are as follows: 

Both 

Bonin 
Carolines 
Cook (parts) 
Gilberts (parts) 

Line (parts) 
Mari anas 
Samoa 
Tonga (parts) 

All other stations (including Hawaii and Fiji) had less mean Cloudi¬ 
ness during the wettest month. Maximum cloudiness occurs near the Equator 
OR NEAR THE NORMAL POSITION OF THE "HEAT EQUATOR;" WHILE A MINIMUM OCCURS 
NEAR LATITUDES 25°N AND S, NEAR THE NORMAL POSITION OF THE SUBTROPICAL 
ANTICYCLONIC BELT. CLOUDINESS ON THE WHOLE IS GREATER OVER THE OCEAN 
THAN OVER THE LAND. 

K• Mean windspeed, wettest month (Fig. 13) 

Windspeed analogy of Balboa Heights for the wettest month is 4 to 
0 mph and that of Cristobal is 6 to 10 mph. Areas of analogy are as 
follows: 

Balboa Heights only 

Carolines (parts) 
Marianas (parts) 
New Hebrides (parts) 
Samoa 
Society 

Both 

Boni ns 
Carolines (par^s) 
Galapagos 
Gilberts (parts) 
Marianas (parts) 
New Hebrides (parts) 

Cristobal only 

Line (parts) 
New Hebrides (parts) 
Ocean 
Phoenix 
Tonga 
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Areas with windspeeos either lower or higher than those of either 
Canal Zone station are as follows: 

Lower winospeed Higher windspeed 

Marshalls Cook 
New Calldonia Line (parts) 

Midway 
Norfolk 
Wake 

The best-developed land and sea breezes are found on the lee sides 
of mountainous islands. 

The Hawaiian Islands are analogous to Cristobal alone, and the Fiji 
Islands are analogous to Balboa Heights alone. 

6- Analysis of composite maps (Figs. l4 and 15) 

Composite analogy maps were prepared for only the Hawaiian and Fui 
Islands; Figure l4 compares them with Balboa Heights and Figure 15 compares 
them with Cristobal. The elements for which areas of analogy are fully 
PLOTTED ON THE COMPOSITE MAPS ARE (l) THE MEAN TEMPERATURE OF THE WARMEST 
MONTH, (2) THE MEAN TEMPERATURE OF THE COLDEST MONTH, AND (3) MEAN ANNUAL 
PRECIPITATION. BECAUSE OF THE IMPORTANCE OF PRECIPITATION IN THE TROPICS, 
AREAS WHICH ARE ANALOGOUS WITH RESPECT TO (4) THE NUMBER OF WET MONTHS 
ARE ALSO SHOWN, BUT ONLY WHERE THEY OCCUR WITHIN AREAS ANALOGOUS WITH 
RESPECT TO THE OTHER THREE ELEMENTS. THIS IS DONE BECAUSE FULL PRESENTA¬ 
TION OF A FOURTH ELEMENT WOULD MAKE THE MAPS MORE DIFFICULT TO READ. 

The following areas have complete 4-wav analogy: 

Balboa Heights only Both Cristobal only 

Marshalls (parts) Fuis (parts) Marquesas (parts) 
Society (parts) 

The Gilbert Islands are too hot and the Pal.au Islands are too wet 
(the NUMBER OF WET MONTHS) FOR COMPLETE 4-WAY ANALOGY. 

The following areas had 3-way analogy: 

Balboa Heights only Both 

Cook (parts) Ellice 
Marianas (parts) Phoenix 
Marquesas (parts) Tuamotu 
Nauru 
Ocean 

Cristobal only 

Palau 
Samoa (parts) 
Tokelau 
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Most of the remaining Pacific Islands have insufficient rainfall to 
BE ANALOGOUS TO EITHER CANAL ZONE STATION. MEAN TEMPERATURE FOR THE COLD¬ 
EST MONTH APPEARS TO BE THE MOST LIMITING SINGLE ELEMENT. THE HIGH MOUN¬ 
TAINOUS SLOPES WHICH ARE EXPOSED TO THE TRADE WINDS AND RECEIVE THE LARGEST 
AMOUNTS OF RAINFALL ARE ALSO TOO COLD IN THE WINTER TO BE ANALOGOUS TO 
either Canal Zone station. The atolls and the lee sides of mountainous 
ISLANDS ARE TOO DRY TO BE ANALOGOUS TO EITHER CANAL ZONE STATION. 

7• Tables of monthly values 

Tables 11 thru IX show the monthly and yearly mean of the climatic 
ELEMENTS FOR 21 KEY STATIONS. THESE STATIONS WERE SELECTED FOR^LENGTH OF 
reliable record and representativeness. In EACH table, the mean values 
or bALBOA Heights and Cristobal are shown for comparison. The tables 

"nVtEhe map^'N CHARACTE:RiST,cs 0F CLIMAT'C analogy which are not manifest 

The southeastern Pacific is represented by 3 
on Hiva-Oa Island in the Marquesas group; Papeete 
Islands; and Seymour Island in the Galapagos Arch 

key stations: Atuona 
on Tahiti in the Society 

1PELAGO. 

Rarotonga i^fl^ Pacifi^ 13 ^presented by 6 key stations: Avarua on 
i ,N ThetCo°k Islandsj Apia on Upolu Island in the Samoa 

slands, Nukualofa on Tongatabu Island in the Tonga Islands; Atafu 

Gfioup0 'N ™E 0KELAU |SLANDS; AND Fanning and Malden Islands in the Line 

The northeastern Pacif 
on Oahu and Hilo on Hawaii 

IC IS REPRESENTED BY 3 KEY STATIONS 
in the Hawaiian Islands, and Midway 

Honolulu 
ISLand. 

The western Pacific 
in the Caroline Islands; 
the Palau group; Jaluit I 
in the Gilbert Islands. 

IS REPRESENTED BY 5 KEY STATIONS: PONAPE ISLAND 
Sumay on Guam in the Marianas; Koror Island in 
sland in the Marshall Islands; and Ocean Island 

The NORTHWESTERN PACIFIC IS REPRESENTED BY 1 
DH I MA, THE LARGEST ISLAND IN THE BONIAN ISLANDS. 

KEY STATION, CHICHI 

The southwestern Pacific 
Viti Levu Island in the Fiji 
New Hebrides; and Ro on Mare 

IS REPRESENTED BY 3 KEY STATIONS: SUVA ON 
Islands; Vila Harbor on Efate Island in the 
Island in the Loyalty Islands. 
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TABLE li: STATIONS USED IN TABLES OF MONTHLY VALUES 

Stations 

1• Apia, Upolu I. 
(Samoa, Cen Pacific) 

2. Atafu I. 

(Tokelau, Cen Pacific) 
3* Atuona, Hiva-Oa I. 

(Marquesas, SE Pacific) 
4. Avarua, Rarotonga I. 

(Cook, Cen Pacific) 
5- BALBOA HEIGHTS 

(Canal Zone) 
6. Chichi Shima 

(Bonin, NW Pacific) 
?• CRISTOBAL 

(Canal Zone) 
8. Fanning I. 

(Line, Cen Pacific) 
9* Hilo, Hawai i I. 

(Hawaii, NE Pacífic) 
10. Honolulu, Oahu I. 

(Hawaii, NE Pac i fic) 
11• JaluiT I. 

(Marshall, W Pacific) 
12. Koror I. 

(Palau, W Pacific) 
13- Malden I. 

(Line, Cen Pacific) 
'4. Ml DWay I. 

(Cen Pacific) 
15- Nukualofa, Tongatabu I. 

(Tonga, Cen Pacific) 
1o. Ocean I. 

(Gilbert, W Pacific 
I?* Papeete, Tahiti I. 

(Society, SE Pacific) 
18. PONAPE I. 

(Caroline, W Pacific) 
19* Ho, Mare i. 

(Loyalty, SW Pacific) 
20. Seymour I. 

(Galapagos, SE Pacific) 
21. Sumay, Guam I. 

(Marianas, W Pacific) 
22. Suva, Viti Levu I. 
__ 1J* > SW Pací F i c) 
¿3* Yit-A Harbor, Efate I. 

(New Hebrides, SW Pacific) 

Elev.(ft) Lat. 
Period of Record (Yr) 

Long Temp. Precip. Other 

i6 i3048>s i7r46'V 4a 48 9.47 

6 8°y.'s 172*31 V 4 5 3.5 

16 9°48's 139*02'w 33 3 

20 aria’s 

118 9*50'N 

13 27#05'N 

36 9°25’N 

17 3^'N 

4o i9°44'N 

38 2l019'N 

15 6*00^ 

102 7o30'n 

26 4°oi 's 

19 28°13'N 

10 aroS's 

1311 0*52*5 

20 17*32*5 

127 6°58'n 

55 21°23,s 

31» 0*28'S 

61 13*24*n 

44 18*08's 

1B7 17*44*s 

159*47'W 24 

79*34’w 12-34 

i42°ii*e 23 

79*52'w 7-32 

i59023'w 10 

i55°05*w 34 

157*52'w 34 

169*35*E 8 

134“38*e 9 

i55o0i'W 24 

177*21*w 9 

i75*i2'w 4-i4 

169*35 *E 21-28 

149*34'W 5 

158*13*2 7 

167*52*E 2 

90°i7'w 2 

144*38*2 26 

178*25*E 43 

i69*19*e 7 

27 2-23 

22-38 11-34 

23 6-23 

8-60 3-4i 

25 9-17 

53 34 

35 16-52 

17 3-11 

18 9-18 

33 2-28 

9 6-9 

i4 3-i4 

36 5-24 

21 5-12 

!5 5- 9 
4 2-4 

2 2 

31 9-26 

55 29-46 

24 5.11 
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Api a 

Atafu I. 

Atoona 

Avarua 

BALBOA HEIGHTS 

Chichi Shíma 

CRISTOBAL 

Fanning I. 

Hilo 

Honolulu 

Jaluii 

Koror I. 

Malden I. 

Midway I. 

NukualOF a 

Ocean I. 

Papeete 

Ponape I . 

Ro, Mare I. 

Seymour I . 

Sumay 

Suva 

Vila Harbor 

TABLE III: MEAN MONTHLY TEMPERATURE {°F) 

lLan_Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Yr 

8o 8o 8o 80 79 78 

82 82 83 83 83 82 

79 Í9 So 80 79 78 

78 78 78 76 73 71 

78 79 80 80 79 79 

64 63 65 70 73 79 

80 80 81 82 81 81 

82 82 82 82 82 82 

70 70 71 71 73 74 

V V 72 73 75 77 
82 82 83 82 82 82 

80 80 81 82 8l 81 

81 82 82 82 82 83 

66 65 67 68 71 75 

78 80 79 77 74 71 

82 82 82 82 82 82 

81 81 81 81 79 77 

80 80 80 80 80 80 

8° 81 78 76 75 71 

80 8l 82 81 80 78 

79 79 80 82 82 83 

79 80 80 78 76 74 

81 81 80 79 76 75 

78 78 79 79 79 l3o 79 

83 82 83 82 83 132 83 

78 77 78 79 79 79 79 

70 70 71 73 74 76 74 

79 79 7 9 76 78 78 79 
82 82 81 79 73 67 73 

81 81 81 80 80 80 81 

82 83 82 83 84 82 82 

75 75 75 75 73 72 73 
78 78 78 77 75 73 75 

82 82 82 84 82 82 82 

80 81 8l 81 81 81 81 

82 82 83 82 82 82 82 

78 79 78 75 71 67 72 

TO 71 71 73 75 76 75 
82 82 83 83 83 82 82 

76 76 78 79 79 80 79 

80 80 79 80 80 80 80 

71 70 72 72 75 77 75 
76 74 73 74 74 76 77 

81 81 81 81 81 80 81 

73 73 74 75 77 79 77 
72 72 74 76 78 80 77 
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TABLE IV: MEAN DAILY MAXIMUM TEMPERATURE (°F) 

Api a 

Atafu I. 

Atuona 

Avarua 

BALBOA HEIGHTS 

Chichi Shima 

CRISTOBAL 

Fanning I . 

Hilo 

Honolulu 

JaluiT I. 

Koror I. 

Malden I. 

Midway I. 

Nukualofa 

Ocean I. 

Papeete 

Ponape I. 

Ro, Mare i. 

Seymour I. 

Sumay 

Suva 

Vila Harbor 

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

85 85 86 86 

86 86 87 87 

88 90 89 93 

84 84 84 82 

88 89 90 90 

69 69 71 75 

84 84 85 86 

87 86 87 87 

78 78 78 78 

76 76 77 78 

86 87 88 87 

84 85 86 87 

89 90 90 90 

72 71 72 74 

84 86 85 83 

88 88 88 88 

88 88 87 87 

84 85 85 85 

91 91 88 85 

87 87 88 87 

84 84 85 87 

86 86 86 84 

87 88 86 84 

85 84 84 

87 86 86 

90 90 90 

79 77 76 

87 86 87 

78 84 88 

86 86 85 

87 88 88 

80 81 82 

80 81 82 

87 87 88 

86 86 85 

90 90 90 

78 82 84 

80 78 77 

88 88 88 

85 84 84 

85 85 86 

83 79 79 

87 05 83 

88 88 86 

82 80 79 

81 80 78 

84 84 85 

86 86 86 

88 89 89 

76 77 78 

87 06 85 

87 86 84 

85 86 86 

8o fio flo 
-✓ ~y -s 

83 83 02 

83 83 82 

88 88 90 

86 86 86 

90 90 90 

85 85 80 

76 77 79 

88 89 89 

84 86 87 

86 85 86 

80 81 82 

81 05 81 

86 86 86 

79 80 81 

78 80 83 

85 85 85 

86 86 86 

90 90 90 

80 82 80 

85 87 87 

78 72 78 

84 84 85 

90 88 88 

80 79 80 

80 78 80 

88 87 88 

86 85 86 

90 89 90 

77 72 78 

81 81 81 

89 88 88 

87 87 86 

$ 85 85 

86 90 85 

81 83 84 

86 85 86 

83 85 83 

84 87 83 
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TABLE V: MEAN DAILY MINIMUM TEMPERATURE (°F) 

Api a 

Atafu I. 

Atuona 

Avarua 

BALBOA HEIGHTS 

Chichi Shima 

CRISTOBAL 

F ANNING I . 

Hilo 

Honolulu 

JaluiT I. 

Koror I. 

Malden I. 

Midway I. 

Nukualofa 

Ocean I. 

Papeete 

Ponape I. 

Ro, Mare I . 

Seymour I. 

Sumay 

Suva 

Vila Harbor 

Jan Feb Mar Apr_May Jun Jul Aug Sep Oct Nov Dec Yr 

75 75 75 71* 

79 76 79 79 

73 73 73 73 

73 71» 73 7i 

72 V 72 7^ 

58 57 59 64 

76 77 77 78 

77 77 77 77 

63 63 63 64 

67 67 67 68 

77 78 78 78 

75 75 76 77 

75 75 75 76 
60 59 61 61 

73 7^ 73 71 

76 77 77 77 

714 75 75 7^ 

76 76 76 76 

70 71 69 66 

73 7^ 75 75 

75 7^ 75 76 
74 74 74 73 

74 75 74 73 

74 73 72 

80 79 79 

73 72 72 
69 67 65 

74 74 74 

68 73 75 

77 76 77 

77 77 77 

65 67 68 

70 72 73 

77 77 77 

77 76 76 
76 76 75 

64 69 71 

68 65 64 

77 77 76 
72 70 68 

75 75 7^ 
66 63 63 

73 71 69 

77 77 76 
71 69 68 

71 69 67 

73 73 7*1 

79 79 78 

72 72 73 
66 67 68 

74 74 73 

76 76 73 

76 76 75 

77 76 77 

68 68 67 

74 73 72 

77 77 77 

76 76 77 

76 75 75 
72 71 68 

65 64 67 

77 77 77 
68 71 71 

73 73 73 
60 63 62 

67 66 67 

76 76 76 
68 69 70 

67 68 70 

74 75 74 

79 79 79 

72 73 73 

69 72 70 

73 73 73 
68 62 67 

76 77 77 

77 77 77 

66 64 66 

70 68 70 

77 77 77 

77 76 76 

75 75 75 
65 61 55 

70 69 69 

77 77 77 
71 72 72 

7^ 75 75 
65 65 65 

67 69 71 

77 76 76 

71 73 71 

71 73 71 
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TABLE VI: MEAN MONTHLY PRECIPITATION (INCHES) 

Api a 

Atafu I. 

At.,«..- 

Avarua 

BALBOA HEIGHTS 

Chichi Shima 

CRISTOBAL 

Fanning I . 

Hilo 

Honolulu 

Jaluit I . 

Koror I . 

Malden I. 

Midway I 

..JKUALOFA 

Ocean I . 

Papeete 

Ponape I . 

Ro, Mare I . 

Seymour I. 

Sumay 

Suva 

Vila Harbor 

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

18.3 15.5 i4.4 10.3 6-7 5-0 3-3 3-8 5-1* 7-2 10.6 i4-7 115.2 

9.7 11.9 8.7 9.7 6.9 7.6 6.0 7.2 6.5 7.5 6.6 i4.o 102.3 

6.7 6.5 8.5 5,4 8.2 5.9 7.2 3.0 3.1 10.1 5.5 4.1 74.2 

9-2 10.1 11.2 7.7 5.9 4.8 4.4 4.7 5.0 5.3 6.4 8.1 82.8 

1.0 0.6 0.7 2.9 8.0 8.4 7.3 7.8 8.2 10.2 10.5 4.7 70.3 

3-9 3-’ ‘♦•S 4.8 8.1 5.1 4.1 6.7 5-4 5.6 5.7 5.2 61.9 

3-4 1.5 1.5 4.112.513.915.615.312.815.822.311.7130.4 

10.3 10.3 10.8 13.5 12.5 10.1 8.4 4.6 3.2 3.7 3.1 8.5 99.0 

12.2 10.7 15.7 13.5 9.6 7.3 10.0 12.2 10.9 10.9 13.8 13.1 139.9 

4.1 2.6 3.1 1.9 1.0 0.7 0.9 1.1 1.4 1.9 2.5 4.1 25.3 

10.2 8.5 i4.2 15.8 16.6 15.3 15.4 12.0 13.1 12.2 11.9 13.6 158.8 

12.5 8.5 7.1 7.2 13.9 12.0 19.7 i4.8 12.9 12.5 12.2 i4.4 147.7 

3.5 1.9 4.5 4.5 4.3 2.1 1.9 1.6 0.8 0.9 0.7 0.7 27.4 

4.2 3.7 4.2 5.1 3.6 3.4 3.1 3.5 5.0 5.2 1.7 3.6 46-3 

6.8 6.7 8.1 4.4 6.1 4.2 4.8 4.9 4.1 4.2 4.3 5.7 64.3 

11.9 8.5 7.1 5.3 4.0 3.9 5.8 4.6 3.7 3.6 5.4 8.1 71.9 

11.711.8 7.0 7.4 4.8 3.3 2.2 1.9 1.8 3.6 6.811.8 74.1 

11.9 8.2 11.4 19.3 19.4 16.2 16.9 15.5 16.0 16.7 i4.6 17.5 183.6 

6-7 3-3 9-2 5.1 3.9 4.5 4.9 4.9 4.4 3.1 1.8 2.4 54.2 

0.2 1.0 1.7 1.5 T T T T 1 T T T 4-5 

3.0 2.7 3.0 2.0 4.3 5.6 l4.2 i4.8 i4.2 13.1 7.7 4.9 89.5 

11.9 11.2 14.9 12.3 10.8 6.3 5.5 8.1 7.7 9.1 10.3 12.7 120.8 

10.2 11.2 11.7 9.6 5-6 4.9 3.8 3.5 3.8 4.8 6.6 7.1 82.8 
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TABLE Vi I : MEAN CLOUDINESS (TENTHS OF SKY COVERED) 

Api a 

At afu I. 

Atuona 

Avarua 

BALBOA HEIGHTS 

Chichi Shima 

CRISTOBAL 

Fanni ng I . 

Hilo 

Honolulu 

Jaluit I . 

Koror I. 

Malden !. 

Midway j. 

Nukualofa 

Ocean I. 

Papeete 

Ponape I . 

Ro, Mare I . 

Seymour I. 

Sumay 

Suva 

Vila Harbor 

Mar _Apr May Jun Jul Aug Sep Oft Nov Dfc_Yr 

7-6 7-2 7*1 6.7 5.7 5.2 5.0 5.0 5,5 6.0 6.8 7.1 6.2 

4.2 4.0 3.3 4.0 3.6 4.4 4.7 3.9 4.1 3.8 3.5 2.7 3.9 

6.0 6.5 7.0 5.7 5.8 5.8 5.2 5.4 5.9 5.5 6.5 6.6 6.0 

4.8 4.8 5.0 6.3 7.6 8.0 7.6 7.7 7.7 7.7 7.6 6.3 6.8 

6.8 6.3 6.7 7.1 7.8 7.9 6.6 7.4 6.3 7.? 6.7 7.9 7.0 

5-9 5-5 5-8 6.4 7.8 7.9 8.0 7.6 7.1 7.4 7.6 6.8 7.0 

5-9 5-9 5-9 6.3 5.9 5.8 5.4 5.0 4.9 5.0 4.9 5.5 5.5 

5.9 7-2 7.8 8.0 8.4 7.9 7.6 7.9 6.7 7.1 7.3 7.6 7.5 

5- 3 4.8 5.4 5.5 5.1 5.0 4.9 4.7 4.7 4.6 5.2 5.1 5.0 

6.5 6.4 6.8 7.1 7.1 6.9 6.8 6.5 6.5 6.6 7.0 7.0 6.8 

7-7 7-5 7-5 7*3 7-9 7-9 8.7 8.4 Po 7.8 7.4 7.6 7.8 

2.4 3.0 3.3 2.7 3.6 3.3 1.5 2.3 2.3 1.1 2.5 3.1 2.6 

6- 3 6.5 6.5 6.4 6.0 5.8 5.8 5.4 6.2 6.4 5.9 6.4 6.1 

6.6 6.2 7.0 6.4 6.3 6.5 6.4 6.5 6.8 6.5 6.3 6.3 6.5 

5*9 5*4 5-5 4.4 4.3 4.2 4.6 4.2 4.3 4.4 4.8 5.5 4.8 

8.7 6.3 5.6 5.8 5.7 5.6 5.1 5.5 4.5 5.2 5.4 6.6 5.7 

0.8 8.4 8.5 8.6 8.6 8.6 8.1 8.1 8.4 8.0 8.3 8.4 8.4 

6.2 5.1 5.2 5.4 5.5 5.7 5.2 4.7 5.2 5.4 5.2 4.8 5.3 

7- 2 7-2 6.5 6.7 6.8 7.5 8.2 8.8 8.7 8.4 7.7 7.3 7.6 

5*7 5*6 5.6 5.5 5.9 5.6 5.6 6.3 6.2 6.1 6.3 5.9 5.9 

6.5 6.0 6.6 6.1 6.3 6.4 6.9 6.6 6.5 6.3 6.2 6.0 6.4 
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TABLE Villi MEAN RELATIVE HUMIDITY (¢) 

Api a 

Atafu I . 

ÄTUONA 

Avarua 

BALBOA HEIGHTS 

Chichi Shima 

CRISTOBAL 

FANNING I . 

Hilo 

Honolulu 

Jaluit I. 

Koror I. 

Malden ! = 

Midway I. 

Nukualofa 

Ocean I. 

Papeete 

Ponape I. 

Ro, Mare I. 

Seymour I. 

Sumay 

Suva 

Vila Harbor 

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

85 85 85 85 84 83 82 8l 81 82 83 83 83 

83 83 84 86 85 H5 85 84 34 83 85 81 84 

87 86 83 82 84 83 80 79 84 76 83 86 83 

78 75 73 77 85 87 86 87 87 88 88 84 83 

75 75 77 85 89 92 90 90 90 88 82 77 84 

78 77 77 79 83 85 86 86 85 85 86 82 82 

77 78 79 81 79 77 75 72 69 69 69 7^ 75 

80 81 79 80 82 80 80 83 79 81 82 82 81 

73 73 71 71 71 70 70 70 70 72 72 7^ 71 

85 82 81 83 83 82 82 81 80 80 81 84 82 

82 82 79 80 83 82 83 81 82 82 83 83 82 

70 71 72 74 73 71 69 68 66 66 65 67 69 

91 88 89 90 91 90 85 86 89 90 87 87 89 

80 79 80 78 80 78 79 78 75 76 76 77 78 

83 83 83 85 83 83 83 82 81 80 8i 82 82 

82 82 84 85 84 85 83 83 81 79 80 81 82 

80 79 80 84 85 87 90 91 91 90 88 85 86 

81 81 82 82 83 79 83 8) 78 75 77 76 80 

848484838118588908988878586 

78 80 81 81 82 81 80 80 78 76 76 77 79 

75 79 81 82 80 80 77 76 74 72 72 72 77 

24 



TABLE IX: MEAN WINDSPEED (MPH) 

Ap',1 a 

At atu I . 

Atuona 

Avarîua 

BALBOA HEIGHTS 

CHICHI Shima 

CRISTOBAL 

Fanning I. 

Hilo 

Honolulu 

Jaluit I . 

Koror I. 

Malden I. 

MlDWAY I. 

Nukualofa 

Ocean I. 

Papeete 

Ponape I. 

Ro, Mare I . 

Seymour I. 

Sumay 

Suva 

Vila Harbor 

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

5-2 5-3 5-° 5-0 5-9 6.3 6.1 7.5 6.9 6.7 5.2 5.0 5.8 

12.8 13.8 15.5 i4.4 17.8 16.1 20.2 15.0 17.8 19.0 17.8 16.2 

8.8 10.1 10.3 8.8 6.1 5.4 5.9 5.9 5.6 6.3 5.8 6.4 7.1 

7.0 7.6 7.9 7.1 6.8 6.6 5-9 6.7 6.9 7-7 6.6 6.8 7.0 

14-0 15.0 15.0 12.0 8.0 7.0 8.0 8.0 6.0 7.0 8.0 12.0 10.0 

13.2 14.7 13.6 13.2 11.1 8.8 11.1 12.1 12.1 11.1 12.1 12.1 12.1 

8.1 7.8 7.8 8.0 7.2 7.1 6.9 7-1 7-1 6.9 7.2 7.9 7.4 

9.5 8.8 9.6 10.4 10.1 9.8 10.4 9.8 9.2 8.4 9.0 9.4 9.5 

¡5.515.514.813.311.011.0 7.7 6.0 6.0 7.710.014.211.1 

6.5 6.5 6.7 5.6 4.9 3.6 5.4 5.1 4.5 5.4 4.3 5.1 5.3 

11.4 10.2 8.6 6.9 7.5 9.2 10.2 11.4 10.2 9.2 8.6 9.5 9-4 

i4.8 17.3 15.5 15.1 11.8 8.4 13.2 11.1 12.1 13.5 i4.6 18.2 i4.o 

10.810.210.2 9*7 7-5 7*3 8.3 9-710-810.810.211.8 9.8 

10.4 11.5 11.5 10.4 9.2 9.2 10.4 11.5 n.5 12.7 10.4 10.4 10.7 

8.1 8.3 8.1 6.7 5.6 4.7 3.5 3.1 3.1 3.5 4.1 5.8 5.4 

8.4 8.5 8.0 6.8 5.3 4.4 3.6 5-^ 3-5 3-9 6.5 8.1 6.0 

7.8 5.0 4.5 5.2 5.2 5.2 5.2 5.6 7.8 7.8 7.8 6.9 6.1 

6.9 5-8 4.6 4.6 5.8 5.8 6.9 6.9 8.1 8.1 6.9 8.1 6.5 
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10. Maps 

FI SURE 

2A & 2B* 

3A t, 3B* 

Ha 4 4b* 

5A & 5B* 

6a & 6b* 

7A 4 7B* 

8a & 8b* 

9A 4 9B* 

10A 4 10B* 

11 

12 

13 

i4* 

15* 

Station Locations 

Mean Temperature, Wariest Month 

Mean Daiet Maximum Temperature, Warmest Month 

Mean Temperature, Coldest Month 

Mean Daily Minimum Temperature, Coldest Month 

Mean Daily Temperature Range, Warmest Month 

Mean Annual Precipitation 

Mean Precipitation, Wettest Month 

Number of Wet Months 

Relative Humidity, Driest Month 

Mean Cloudiness, Wettest Month 

Mean Wind Speed, Wettest Month 

Composite of Analogous Areas - Balboa Heights 

Composite of Analogous Areas - Cristobal 

•Hawai i and Fiji only 
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ADDENDA AND ERRATA FOR MAPS 

Fl CURE 

All "A" BANKS (N of New Hebrides) 

UNE (S or Hawaii, N il S of Equator) 

PITCAIRN (just off map: E of Manqareva) 

VOLCANO (S of Bonin) 

2A RAPA: (Add, at SE end of Tubuai chain) 

NUKU-HIVA (not Nuko-Hiva) ¿Marquesas/ 

KWAJELEIN (Add, W. Marshalls) 

LAD (not Munia) ¿See 

LEVUKÂ (not Pvalau) FT6. 

MBUA (not Bua) 2B/ 

NANOARIVA (not Nadar i vatu) 

NAM5RALA (not Nadroga) 

NAUSORI (not Navua) 

I WO JIMA (Add, Volcano Islands) 

HAABAI GROUP (not Haabai Gr) ¿Tonga/ 

NANUMEA (not Nahonea) ¿Tulice/ 

NIUE (not NIVE) ¿Tonga/ 

TONGA IS (not Tongua Is) ¡Johok/ 

WALLIS & FUTUNA, (Add, NE of Fiji) 

"Region11 

SW 

Cen 

SE 

NW 
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Figure 6B 
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