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FIGURES 

The regions of oceanographic and meteorological observations for the 

Trade Wind Zone Oceanography Pilot Study 

Zonal component (T,) left panel, and meridional component (Ty) right 

panel, of the wind stress at lat. 2°N., long. 157° W., July 1963 to June 

1965, from table B, and climatic values from Scripps Institution of 

Oceanography (1948) 

Zonal component (t,) left panel, and meridional component (t,) right 

panel, of the wind stress at lat. 17° N., long. 152° W., July 1963 to June 

1965, from table B, and climatic values from Scripps Institution of 

Oceanography (1948) 

Zonal component (7,) left panel, and meridional component (t,) right 

panel, of the wind stress at lat. 32°N., long. 167° W., July 1963 to June 

1965, from table B, and climatic values from Scripps Institution of 

Oceanography (1948) 

Zonal component of wind stress, lat. 20° N., long. 150° W., January 

1956 to December 1957, derived from meridional Ekman transports 

computed by Fofonoff 
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The Trade Wind Zone Oceanography Pilot Study 

Part IX: The Sea-Level Wind Field and Wind Stress Values 

July 1963 to June 1965 

By 

GUNTER R,. SECKEL, Oceanographer 

Bureau of Commercial Fisheries Biological Laboratory 

Honolulu, Hawaii 96812 

ABSTRACT 

Wind observations and derived wind stresses are summarized in 5° square 

units of the area lat. 0° to 35° N., long. 130° to 170° W., for each month. The re- 

sults complement time-sequence oceanographic observations of the Trade Wind 

Zone Oceanography Pilot Study in the area lat. 10° to 26°N., long. 148° to 157° W., 

February 1964 to June 1965. The sources and processing of wind observations, 

and the computations to obtain the zonal and meridional components of the wind 

velocity, the square of the wind speed, and the zonal and meridional components 

of the wind stress are described. The results are consistent with monthly wind 

stresses computed from long-term mean winds over the North Pacific. Despite 

inadequacies in the distribution and quality of data, the wind and wind stress 

summaries are adequate for interseason and interyear comparisons. 

INTRODUCTION 

This report contains monthly summaries of 

sea-level wind observations and the derived 

wind stresses at the sea surface in the area 

bounded by lat. 0° and 35° N, and long. 130° and 

170° W., July 1963 to June 1965. The wind data 

and wind stress values,in addition to other me- 

teorological properties and heat exchange pro- 

cesses that were published previously (Seckel, 

1970), complement the TWZO (Trade Wind 

Zone Oceanography) Pilot Study oceanographic 

data (Charnell, Au, and Seckel, 1967a, 1967b, 

1967c, 1967d, 1967e, 1967f). 

The TWZO Pilot Study was designed to fur- 

ther an understanding of the mechanisms that 

change the distribution of sea-water properties 

and water masses in the North Pacific trade 

wind zone (Seckel, 1968), The meteorological 

processes are an essential partof these mecha- 

nisms; e.g., the heat exchange processes affect 

the heat budget and the wind stress affects the 

momentum budget of the ocean. 

The areas of the TWZO oceanographic and 

meteorological observations are outlined in 

figure 1. The oceanographic field work took 

place from February 1964 through June 1965 in 

the area between lat, 10° to 26° N, and long. 148° 

to 157° W, Oceanographic stations in a fixed 

grid were occupied at monthly intervals. 

Oceanographic conditions that were observed 

are intimately related to the behavior of the 

trade wind system. The area of interest, there- 

fore, encompasses the region of strongest trade 

winds, which is located between the North Pa- 

cific high- and the equatorial low-pressure re- 

gions. Because the results reported here begin 

in July 1963, they antecede and cover the oceano- 

graphic study period. 

The wind data and wind stresses for every 

month of the 2-year study period are presented 

in two tables: Table A contains means of the 

observed and derived values per 5° square, and 

table B contains interpolated values based on 

smoothed charts. 

The sources of data, methods of processing 

and computation, and an evaluation of the re- 

sults, are presented below. 
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Figure 1.--The regions of oceanographic and meteorological observations for the Trade Wind Zone 

Oceanography Pilot Study. 

SOURCES OF DATA 

About 80,000 sets of meteorological obser- 

vations were used in the preparation of this 

report, Their principal source was the surface 

marine observations Card Deck No. 128 of the 

National Weather Records Center. To those 

data were added the meteorological observa- 

tions recorded on board the BCF (Bureau of 

Commercial Fisheries) researchvessels Town- 

send Cromwell and Charles H, Gilbert that were 

not already a part of the surface marine deck, 

Meteorological data for the central North Pa- 

cific south of Hawaii are scarce, Itis therefore 

valuable to add to the surface marine observa- 

tions those made on Johnston Island (lat. 16°45’ 

N,., long. 169°30’ W.) and on Christmas Island 

(lat.. 1°51” N.,. long. 157°23", W.).. Since: bothis= 

lands are atolls, the early morning meteorolog- 

ical conditions would approximate those over 

the adjacent ocean, Sea-level observations for 

JohnstonIsland were obtained from the National 

Weather Records Center, Card Deck No. 144. 

At Christmas Island, meteorological observa- 

tions were made three times daily for BCF. 

The 1800 G.m.t. synoptic meteorological obser- 

vations from the two islands (0800 local time, 

Christmas Island, and 0700 local time, Johnston 

Island) have been combined with the surface 

marine data. 

PROCESSING OF DATA 

The meteorological data were initially sorted 

chronologically by day and by 1° square units of 

area, When more than one set of observations 

occurred ina 1° square per day, the meteoro- 

logical properties, including the wind speeds 

and the zonal and meridional components of the 

wind velocity, were averaged. Consequently, 

only one set of meteorological observations can 

occur per day in any 1° square. 

Quality control over the large number of data 

proved to be a major task. Iinspected an initial 

listing of the data and eliminated obviously er- 

roneous values, determined by comparison with 

values on record for the same geographic re- 

gion and within a few days. 

At the time of the initial sorting, I also com- 

puted derived properties and heat exchange 

processes. Thus the magnetic tape, which is 

kept on file to permit a more detailed analysis 



than is presented here, also contains in chrono- 

logical order by day and by 1° square the wind 

speed and direction, the zonal and meridional 

components of the wind velocity, the square of 

the wind speed, and the zonal and meridional 

components of the wind stress. 

I originally planned to summarize the mete- 

orological data for periods of, possibly, 5 days 

and then, by summation, obtain values for the 

monthly sea-air interaction processes. The 

spatial and temporal distribution of marine ob- 

servations proved inadequate to permit this 

procedure, however, so the traditional climatic 

approach had to be used. 

The wind properties on the data tape were, 

therefore; 

months and are presented in table A, The sum- 

maries for each property contain the mean 

value, the highest and lowest values observed, 

and the standard deviation if there were more 

than four observations. The number of obser- 

vations and the mean location of observations 

are also given. 

Smoothed charts of the zonal and meridional 

components of the wind velocity, the square of 

of the wind speed, and the zonal and meridional 

components of the wind stress were obtained by 

hand-contouring the summarized data plotted at 

the mean location of the observations, In turn, 

the smoothed charts were used to obtain inter- 

polated values at the center of each 5° square 

that are presented in table B, In this table the 

properties are listed in geographic format to 

facilitate contouring. 

When table Bis used in combination with 

table A, it is possible to judge the reliability of 

the results in any area and month covered by 

this report. 

summarized by 5° squares and by 

COMPUTATIONS 

The wind stress is the only derived property 

listedin tables A and B whose calculation needs 

discussion. All other properties listed are 

simply mean values of vector components from 

which the resultant winds and wind stresses can 

readily be obtained. The monthly values of the 

Square of the wind speed are based on the 

squared value of each wind speed observation. 

Malkus (1962), in an excellent summary of 

the significance of wind and wind stress in 

large-scale, sea-air interactions, reviewed the 

method of computation of the wind stress and 

the limitations of the stress estimates so ob- 

tained. The formula for the magnitude of the 

wind stress at the sea surface, 

tT = pCpwW?, 

is particularly applicable when surface-ship 

wind measurements are used. In the formula,p 

is the density of the air, W the wind speed, and 

Ch the nondimensional drag coefficient. 

The drag coefficient is the uncertain term in 

the formula. First, Cp varies widely depending 

on the stability of the air (Malkus, 1962; also 

see a theoretical analysis of the air-sea ex- 

change coefficients as a function of stability by 

Deardorff, 1968), Secondly, the dependence of 

Cy onthe wind speed has not been resolved. For 

example, Wu (1969) suggested a coefficient that 

varies with wind speed, but Ruggles (1969) pro- 

posed a constant for winds from 2 to 10 m. 

sec.', Cp =1.6X 10°. 
Computation of large-scale, sea-air interac- 

tion processes by different workers reflect 

these uncertainties. In calculation of evapora- 

tion rates a constant drag coefficient has gen- 

erally been used (Malkus, 1962). In the compu- 

tation of the wind stress, different values of the 

drag coefficient have been used forlow (<6.7 m. 

sec.!) and high (>6.7 m. sec.!) wind speeds 

(Malkus, 1962; Reid, 1948). 

In this paper the choice of the drag coefficient 

for the calculation of the wind stress was based 

on three considerations: (1) In the study region 

neutral stability atthe height of marine weather 

measurements can be assumed; (2) relative 

changes inthe wind stress from month to month 

and seasonto season, rather than absolute mag- 

nitudes of wind stress, were the main interest 

of the TWZO Pilot Study; and (3) because the 

wind stresses computed at the Scripps Institu- 

tion of Oceanography (1948) and by Hidaka 

(1958), based on a drag coefficient with differ- 

ent values for low and high wind speeds, have 

been widely applied, the use of drag coefficients 

giving comparable results is valuable. 

The drag coefficient for neutral stability, 

which varies with wind speed given by Malkus 

(1962: fig. 6, p. 110), satisfies the considera- 

tions above and has been used to calculate the 

wind stresses in this paper. The equation 

arctan (W-8) 
Cp = 1.96 -Eaas6h Ome 

with the wind speed in meters per second, ap- 

proximates the values given by Malkus and fa- 

cilitates computation. 

The computer program to calculate the zonal 

and meridional components of the wind stress 



is based on the formulas 

Tx = eCpwW? sin 6 and lyn pCpw* cos 8, 

respectively. 8 is the direction of the wind 

vector; the zonal component is positive east- 

ward, and the meridional component is positive 

northward. 

The zonal (W,) and meridional (Wy) compo- 

nents of the wind vectors were calculated dur- 

ing the initial sorting of the meteorological data 

so that recalculation of the trigonometric func- 

tions is unnecessary. By substitution of W,/W 

= sin 8 and Wy/W = cos 6, the above formulas 

become 

Tx = pCpWW, and 

Ty = pCpww. 

The density ofthe air has been assumed to be 

constant at p= 1.22 X 105° g. cm.°. The stress 

is expressed indynes cm.* when the wind speed 

is given in cm. sec.?., 

EVALUATION OF RESULTS 

The uncertainties in the estimation of large- 

scale, sea-air heat exchange processes (dis- 

cussed by Seckel, 1970) are due to (1) inad- 

equacies in the distribution and quality of the 

data, (2) the methods of processing that must be 

used because of inadequate spatial and temporal 

distribution of observations, and (3) uncertain- 

ties in the empirical formulas. These factors 

also affect the sea-air exchange process--the 

wind stress--which is the subject of this paper. 

The derivation of formulas for the computa- 

tion of wind stress is the subject of active re- 

search and is thoroughly treated in the litera- 

ture cited here and elsewhere. The method of 

processing to be used must be chosen with care 

because the wind stress isa vector whose mag- 

nitude is a product of the square of the wind 

speed and a drag coefficient that varies with 

wind speed. Malkus (1962) examined the methods 

of computation to be used in the light of these 

factors. Here the evaluation will be concerned 

with the data inadequacies, comparisons with 

other results in the North Pacific, and with in- 

terseason and interyear comparisons. Because 

the wind stress is of principal interest in the 

TWZO Pilot Study, only this property is com- 

pared. The results of the comparisons, how- 

ever, also apply qualitatively to the components 

of the wind vectors, 

Inadequacy in the Distribution 

and Quality of Data 
South of lat. 15° N. the number of observations 

per month was small and insome 5° squares ob- 

servations were lacking (table A). To complete 

contouring of the smoothed charts, liberties 

were taken when interpolation or occasionally 

extrapolation was necessary. For these lati- 

tudes the results presented in table B must 

therefore be regarded with caution, 

North of lat. 15° N. sampling was more ade- 

quate, particularly in the latitudes from Hawaii 

northward, which contain the shipping lanes 

from North America to the Far East and to 

Hawaii. Reliable results in table B are those 

from lat. 32° N., long. 142° W., which, in addi- 

tion to a large number of observations from 

merchant vessels, contain those from the U.S, 

Coast Guard Weather Station November. At 

Weather Station November, meteorological ob- 

servations are made by trained observers from 

the U.S, Weather Bureau. 

Results of table B at lat. 2° N., long. 157° W. 

and at lat. 17° N., long. 167° W. should also be 

reliable because they include the daily observa- 

tions from Christmas and Johnston Islands, 

There is evidence, however, that wind speeds 

measured on atolls may be below those over the 

adjacent ocean. Ramage (MS,} ) made reference 

to wind measurements on Palmyra Island (lat. 

5°52’ N., long. 162°6’ W.) an atoll with a maxi- 

mum elevation of 3m. above sealevel. He showed 

that wind speeds depended on location of mea- 

surement, and at some sites were as much as 

38 percent below those measured atthe exposed 

windward side of the atoll. 

The magnitude of the island effect on the wind 

speeds measured at Christmas and JohnstonIs- 

lands is not known. The interpolated values of 

table B also depend onthe observations in adja- 

cent 5° squares that would tend to reduce the 

island effect. At lat. 2°N., long. 157° W, (table 

B) the 2-year mean of the zonal component of 

the wind velocity is 4.1 m. sec.?. At the same 
latitude but long. 152° and 162° W, the 2-year 

means are 4.6 m. sec.? and 4.9 m, sec.? , re- 

spectively. The lower value at lat. 2° N., long. 

157° W. may be due to a Christmas Island bias. 

At lat. 17° N., long. 167° W., no systematic bias 

is apparent, 

lRamage, C. MS. Monsoon meteorology. Hawaii 

Institute of Geophysics, University of Hawaii, 

Honolulu, Hawaii 96822. 



In general, because the wind stress is a vec- 

tor whose magnitude depends on the square of 

the wind speed and a variable drag coefficient, 

frequent sampling of the wind velocity--possibly 

more than once per day--is required to obtain 

reliable measures of the monthly wind stress. 

The steadiness of the trades (Malkus, 1962) re- 

duces this requirement. Nevertheless, rela- 

tively large variations in wind speed and direc- 

tion may occur in timespans of a few days. 

Thus, south of lat, 15° N, the interpolated winds 

and wind stresses of table B are heavily biased 

by the small number of observations which, al- 

though they may be based on correct measure- 

ments, do not necessarily reflect the true 

monthly mean value. 

The choice in the preparation of table B was 

either to leave the questionable areas blank, 

particularly those in the southeastern part of 

the study area, or to present values based on 

the limited observations. The latter course 

was chosen because it draws attention to the 

high winds that may occur, especially in the 

southeastern part of the study area. (See the 

climatic atlas by McDonald, 1938.) 

Inadequacies in the quality of marine meteo- 

rological observations are well known. Visual 

inspection of the data used in this report again 

drew attention to the primary factors that tend 

to reduce the quality of data. Errors in marine 

surface weather data are not so much due to 

incorrect reading of instruments and recording 

of observations as to improper placement and 

calibration of the instruments, improper tech- 

nique of measurement, and errors in data re- 

duction at sea, 

Errors in data reduction area primary cause 

for wrong wind speeds and directions, For ex- 

ample, visual inspection revealed that anobser- 

vation showing a westerly wind may appear in 

areas with a large number of observations 

showing an easterly wind. A reversal in wind 

direction can easily occur because of an error 

in the vector addition of the measured apparent 

wind and the speed and direction of the ship. 

Incorrect vector addition also results in wrong 

wind speeds and directions, which are not so 

readily detected as a 180° error in wind direc- 

tion, 

Comparisons with Other Results 
in the North Pacific 

Evaluation of the results presented in table B 

includes comparisons with other results ob- 

tained in the North Pacific. Most suitable for 

comparison are the tabulations of mean wind 

stresses over the North Pacific prepared under 

the direction of J, F, T. Saur, Jr. and John D., 

Cochrane (Scripps Institution of Oceanography, 

1948), These results, given in 5° square units 

of area for each month, were based onsummary 

wind data contained in the U.S. Hydrographic 

Office Pilot Charts. The mean wind speed in 

integral Beaufort numbers and the frequency of 

wind for each of the 16 points of the compass 

are presented in the form of a wind rose. Reid 

(1948) described the method used to obtain the 

resultant wind stresses. Malkus (1962) has 

demonstrated that the results obtained by the 

‘Scripps Pacific Method’’ are comparable with 

those obtained by direct summation in which the 

drag coefficient is variable. The latter is the 

method of calculation in this paper. 

The wind stresses of table B at lat. 2° N.,, 

long. 157° W. (equatorial zone), at lat. 17°N., 

long. 152° W. (trade wind zone), and at lat. 32° 

N., long. 167° W. (in the zone of the North Pa- 

cific pressure ridge), together with the SIO 

(Scripps Institution of Oceanography) results 

for the same locations are shown in figures 2, 

3, and 4, respectively. 

For each of the examples, exceptTxin the 

trade wind zone, the mean annual values of the 

2 study years and of the SIO ‘‘climatic year’’ 

are in good agreement. Values of individual 

months show relatively large departures from 

the values based on climatic data, particularly 

at lat. 17° and 32° N. Large fluctuations of the 

wind stresses from month to month are to be 

expected at lat. 32° N., where they reflect sen- 

sitivity to changes in the location of the North 

Pacific high-pressure region. 

In the trade wind zone, the large month-to- 

month and year-to-year variations of Tx were 

unexpected, particularly in view of the small 

variations of the monthly stress values of the 

climatic year. Closer inspection of figure 3 

reveals that magnitudes of Tx during the study 

period were 1 year out of phase: absolute mag- 

nitudes were low during summer and autumn 

1963 and high during summer and autumn 1964; 

conversely, absolute magnitudes were high dur- 

ing winter and spring 1964, but low lyear later. 

If only the 2 years 1963 to 1965 are used to ob- 

tain an average value for each month, the ex- 

treme range in Tx is reduced from about 2 to 

0.85 dynes cm:*. Thus, a flat climatic curve, 
resulting from large year-to-year fluctuations 
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without a dominant seasonal trend, is consistent 

with the results obtained from July 1963 to June 

1965. 

The discrepancy of the mean annual values of 

Tx in the trade wind zone is in marked contrast 

to the good agreement in the other examples, 

Also, the comparisons made by Malkus (1962) 

lead to the conclusion that the large difference 

of 0.46 dyne cm.* in annual means is due to 
real departures during the 2-year study period 

from the long-term mean conditions rather than 

to the computational differences used at SIO and 

in this paper. 

Interseason and Interyear Comparisons 
Itis clear from the preceding section that the 

month-to-month changes of climatic means do 

July 1963 to June 1965, from table B, and climatic values 

from Scripps Institution of Oceanography (1948). 

not necessarily reflect the changes to be ex- 

pected during any individual year. The mecha- 

nisms producing changes in properties of the 

ocean, such as evaporation or wind stress, may 

also show much greater season-to-season or 

year-to-year variations than would be expected 

from climatic mean values. The changes in the 

heat of evaporation and the net heat exchange 

across the sea surface that occurred during 

July 1963 to June 1965 have been illustrated by 

Seckel (1970). Similar changes also occurred 

in the wind stress. 

In the equatorial example (fig. 2), Tx shows 

no clear seasonal trend in either of the 2 study 

years or in the SIO climatic year. Although the 

absolute magnitude of the zonal stress compo- 

nent is small, relative year-to-year changes 



may be large. For example, from August to 

November 1963 the average Tx was -0.28 dyne 

em. and for the same months of 1964 it was 

-0.56 dyne cm.~*. 
Bjerknes (1969) drew attention to the large 

differences in central Pacific equatorial tem- 

peratures during autumn 1963, winter and au- 

tumn 1964, and winter 1965 and discussed the 

significance of the equatorial temperature anom- 

alies in relation to the atmospheric circulation. 

The temperature at lat. 2°N., long. 157° W, for 

December ‘was 271° ©. in 1963 and 25.3°.C...in 

1964 (Seckel, 1970). How much of the tem- 

perature difference can be attributed to the dif- 

ference in equatorial divergence as a result of 

the changes in wind stress has not been deter- 

mined, The lower temperature in December 

1964, however, is consistent with the increase 

in magnitude of Ty during August to November 

1964, 

A consistent seasonal pattern of change in Ty 

is apparent from figure 2 for both study years 

and for the SIO climatic year and reflects the 

seasonal shift in the latitude of the intertropi- 

cal wind convergence, Again, year-to-year 

changes were relatively large. From July 1963 

to February 1964 the average Ty was 0.05 dyne 

cm.*, and for the same months of the following 

year it was 0.22 dyne cm.*. An increase inthe 

meridional stress resulting from a northward 

shift of the intertropical convergence should be 

accompanied by a decrease in the vapor pres- 

sureyot the air. Wor ats (2°°N., long.. 757° Ww. 

the average vapor pressure from July 1963. to 

February 1964 was 28.6 mb, and for the same 

months 1 year later it was 26.3 mb. Thus, de- 

spite the small magnitudes of Ty, the year-to- 

year change was consistent with the change of 

the independently measured vapor pressure, 

The large changes in the zonal wind stress 

component in the trade wind zone example, 

combined with a phase shift of about 1 year, 

have been mentioned in the previous section. 

A dominant seasonal change during the 2 study 

years or the SIO climatic year is not apparent 

from figure 3. Year-to-year changes, however, 

are pronounced, The mean value of Tx for Au- 

gust to December was -0.95 in 1963 and -1.71 

dynes cm.* in 1964, The mean value for Janu- 

ary to March was -1.76 in 1964 and -0.90 dynes 

cm.* in 1965. The results during winter and 
spring 1964 reflect high trade wind velocities 

and correspond with high autumn 1963, winter 

1964 equatorial temperatures as described by 

Bjerknes (1969), 

To investigate whether the variations in Ty 

during the 2 study years were anomalous,I used 

transport computations for the North Pacific 

Ocean of the Pacific Oceanographic Group, Na- 

naimo, Canada, The zonal and meridional com- 

ponents of Ekman transport were calculated 

from monthly mean sea-level pressure charts. 

From the components of Ekman transport the 

components of wind stress can be calculated 

(wind stresses were not given inthe tabulations), 

Because of the limits of the sea-level pressure 

charts for the Northern Hemisphere, the results 

of the transport computations do not extend south- 

ward to the area of the trade wind zone example 

considered here, The zonal component of wind 

stress for each month of 1956 and 1957 was 

therefore computed at lat. 20° N., long. 150° W. 

(Fofonoff, 1960a, 1960b*) and presented in fig- 

ure 5. Fofonoff discussed the limitations of the 

method to compute Ekman transports. The 

computations are also based on data primarily 

from an area north of the maximum trades so 

that a seasonal trend in the wind stresses is 

apparent in figure 5. For the intended compar- 

ison, however, note that the absolute magnitude 

of the wind stress was high in February and 

March in 1956 but low 1 year later, In Novem- 

ber and December the magnitude was low in 

1956, but high in the following year. Although 

the regularity of high and low Ty values in alter- 

nating years is not known, the results of the 2 

study years, 1963 to 1965, are not anomalous in 

light of Fofonoff’s transport computations, 

A seasonal trend in Ty is not apparent from 

figure 3, except that during both study years low 

magnitudes during December and January were 

followed by high magnitudes during February. 

These relatively large changes are not reflected 

by the SIO climatic values but are qualitatively 

consistent with monthly mean sea-level pres- 

sure distributions.? 

*Fofonoff, N. P. 1960a. Transport computa- 

tions for the North Pacific Ocean, 1956. Fish. 

Res. Bd. Can., Manuscript Rep. Ser. (Oceanogr. 
Limnok.) 78, 9 pp. 

1960b. Transport computations for the North 

Pacific Ocean, 1957. Fish. Res. Bd. Can., Manu- 

script Rep. Ser. (Oceanogr. Limnol.) 79, 9 pp. 

SNorthern Hemisphere charts of mean sea-level 

atmospheric pressure, Extended Forecast Division, 

National Meteorological Center, Environmental 

Science Services Administration. 
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Inthe example fromthe northern zone (fig. 4), 

the pronounced seasonal changes in Ty are con- 

sistent with the shifts in latitude of the North 

Pacific pressure ridge. Most striking are the 

extreme values of December 1963 and May 1964. 

The average of the t, for December 1963 to Jan- 

uary 1964 is 2.00 dynes cm.’ and for December 
1964 to January 1965 is 0.68 dyne cma athe 

large differences are again consistent with the 

statements by Bjerknes (1969) relating high 

equatorial temperatures, autumn 1963 and win- 

ter 1964, with the strong westerlies in midlati- 

tudes. 

The average value of Tt, for March to May 

1964 is—0.79 dyne cm.* and for March to May 
1965 is 0.06 dyne cm-*. Qualitatively, the large 

year-to-year differences during boththe autumn 

and spring seasons are consistent with monthly 

mean sea-level pressure distributions.? 

The large fluctuations of Ty (fig. 4) also re- 

flect changes inthe North Pacific high-pressure 

distribution associated with frequent changes in 

the direction of the meridional component of the 

wind, Seasonally, from late autumn to early 

spring, the prevailing wind has a southerly 

component. During the study period the aver- 

age ty for January to February 1964 was 0.84 

dyne cm.* and forthe same month in1965, 0.14 
dyne cm.*. With the vapor pressure of the air 

increasing southward it is reasonable to expect 

higher vapor pressures of the air during winds 

with a stronger component from the south. The 

average vapor pressure for the same 2 months 

was 16.2 mb. in 1964 and 13.0 mb. in 1965 

(Seckel, 1970). This example, like that in the 

equatorial zone, confirms the consistency of 

the wind data with the independently measured 

vapor pressure. 

CONCLUSION 

The foregoing evaluations have shown that 

despite the limitations of the marine surface 

meteorological observations, meaningful mea- 

sures of the month-to-month and year-to-year 

Changes in the wind stress have been obtained 

for a large portion of the North Pacific trade 

wind region. The results presented in table B, 

therefore, satisfy the needs of the TWZO in- 

vestigation. 

Beyond this application, the need for monthly 

measures of the wind stress will continue and 

increase as oceanographers begin to forecast 

changes in the distribution of ocean properties 

and meteorologists develop circulation models 

to begin global weather forecasting. YThe exper- 

iences gained in the calculation of large-scale 

sea-air interactions from marine surface me- 

teorological observations may therefore be of 

help in future work. The manner in which the 

distribution and quality of marine meteorologi- 

cal data can be improved and processing can be 

facilitated has already been suggested by Seckel 

(1970). Additional suggestions concerning wind 

observations follow. 

Marine surface meteorological observations 

will continue to be the mainstay of data for the 

computation of large-scale, sea-air interactions. 

Improvement in the quality of data is therefore 

of concern and canbe achieved by proper place- 

ment of instruments and by proper techniques 

of observation. The quality of wind data can 

also be improved by avoiding erroneous vector 

addition of the ‘‘apparent’’ wind and the speed 

and direction of the ship. At present the appar- 

ent wind (observed anemometer speed and di- 

rection) is not reported in the ship’s weather 

observations form (U.S, Department of Com- 

merce, ESSA form 72-1). If this observation is 

reported on the weather form, the wind speed 

and direction can be calculated by computer. 

In the region under consideration inthis pa- 

per, the number of wind observations between 

the Equator and lat.15°N, is inadequate. Better 

wind information in this latitude band is needed 

by the oceanographer to compute the curl of the 



wind stress, and by the meteorologist to com- 

pute the wind divergence. A few buoys placed 

along the Equator and to the north--just a suf- 

ficient number to monitor the location of the 

intertropical convergence--would satisfy this 

need, In addition, the number of observations 

can be increased by an effort to enlist in the 

Synoptic weather observations program the 

cooperation of all ships that travel through the 

areas where weather observations are insuffi- 

cient. 
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APPENDIX TABLE A 

Observed winds and derived wind properties, summarized by 5° square units of 

area and by months, July 1963 to June 1965 

List of notations 

W(X) East-west component of wind velocity, m. sec. !; wind from the east is negative. 

W(Y) North-south component of wind velocity, m. sec. +; wind from the north is negative. 

WSQ Square of the wind speed, m.* sec. 7. 

T(X) East-west component of wind stress, OR dynes cm. 7; positive eastward. 

T(Y) North-south component of wind stress, Om dynes cm. *; positive northward. 

Example 

Sample column for July 1963, lat. 0° to 5° N., long. 135° to 140° W. 

135 140 

WSQ 3 3 Mean location of observations: 0+ 3 = 3° N. lat., 135 + 3 = 138° W. long. 

30.6 Mean value of observations. 

38.0 Highest value. 

10.0 Lowest value. 

9.9 Standard deviation. 

7 Number of observations. 

This example applies also to W(X), W(Y), T(X), and T(Y) except that the mean location of observations 

and the number of observations are not repeated. 
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APPENDIX TABLE B 

Interpolated values of winds and wind properties, lat. 0° to 35° N., long. 130° 
to 170° W., at the center of 5° square units of area for each month, July 1963 

to June 1965, presented in geographic format with decimal point at the center 

of 5° square 

List of notations 

W(X) 

W(Y) 

WSQ 

T(X) 

T(Y) 

East-west component of wind velocity, m. sec. 1; wind from the east is negative. 

North-south component of wind velocity, m. sec. 1; wind from the north is negative. 

Square of the wind speed, Tiles SCCun +s 

East-west component of wind stress, 1054 dynes cm. 7; positive eastward. 

North-south component of wind stress, 102 dynes cm.~*; positive northward. 
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As the Nation’s principal conservation agency, the 

Department of the Interior has basic responsibilities 

for water, fish, wildlife, mineral, land, park, and 

recreational resources. Indianand Territorial affairs 

are other major concerns of America’s ‘‘Department 

of Natural Resources.’’ 

The Department works to assure the wisest choice 

in managing all our resources so each will make its 

full contribution to a better United States -- now and 

in the future. 

UNITED STATES 

DEPARTMENT OF THE INTERIOR 

U.S. FISH AND WILDLIFE SERVICE 

BUREAU OF COMMERCIAL FISHERIES 

WASHINGTON, D.C. 20240 
POSTAGE AND FEES PAID 

OFFICIAL BUSINESS 

Retum this sheet to above address, if you do 

NOT wish to receive this material all: orif 

change of address is needed [__] (indicate 

change including ZIP Code). 
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