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Temperature versus elevation relationships
for Puerto Rico' ?

Megh R. Goyal, Eladio A. Gonzdlez and Carmela Chao de Bdez®

ABSTRACT

Relationships omong mean daily moximum-, mean daily minimum.,
mean daily average-, absolute highest-, absolute lowest temperature (°C)
versus elevation (m) were determined for January through December for
Puerto Rico. These relationships were found to be linear, Y = A + BX. The
coefficient of correlation varied from —0.43 to —0.96. Examples are pre-
sented to estimate potential evapotranspiration (PET) and to develop PET
model as a function of incident solar radiation and elevation.

RESUMEN
Relacién entre temperatura y elevacién en Puerto Rico

La relacién entre las temperaturas (°C} media diaria, mdxima diaria,
minima diaria, mas alia y mas bajo para cada mes contra la elevacion
{m) se determinaron de enere a diciembre para Puerto Rico. Se encontré
que estas relaciones son lineales. El coeficiente de correlacion varié de
~0.43 ¢ —0.96.

INTRODUCTION

Water eonsumptive use by erops in any particular location is probably
affected more by temperature, which for long-time periods is a good
measure of solar radiation, than any other factor. Abnormally low ten:-
peratures may retard plant growth and unusually high temperaturcs
may produce dormancy. Temperature is one of the most dynamic proper-
ties of weather and is subject to daily and seasonal changes. Irrigation
planning can be delayed or underestimated if temperature data for vari-
ous loecations in a particular locality is not available.*

The objective of this study was to establish relationships among
monthly temperature (°C) and elevation (m) for Puerto Rico with avail-

1Manuscript submitted to Editorial Board 19 March 1937.

2This study was conducted under C-411, “Bioclimate of Puerto Rico” and CBAG-PR-23
“Irrigation Estimations in Puerto Rico.” The authors thank George H. Hargreaves for his
valuable guidance.

3 Associate Agricultural Engineer, Research Assistant (Agronomy), and Associate
Statistician, Agricuitural Experiment Station, University of Puerto Rico, Mayagtiez Cam-
pus, Rio Piedras, P. R.

‘Hargreaves, G. H. and 2. A. Samani, 1986. Simplified irrigation scheduling and crop
selection for El Salvador. Utah State Universily, T.ogan-Utah. Personal communication -
November 5.
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able temperature data. We also estimated missing temperature data with
these relationships.

MATERIALS AND METHODS

Available temperature data® and Publication No. 86-45 of the Weather
Bureau, U.S. Department of Commerce® were used to determine re-
lationships among monthly temperature (Y) and elevation (X) for Puerto
Rico with linear regression analysis. We used these relationships to esti-
mate missing mean maximum temperature (TMAX), mean minimum
temperature (TMIN) and mean average temperature (T) for January
through December. Thirty-nine locations were considered. These wea-
ther stations® were Aceituna, Adjuntas, Barceloneta 2NNW, Bayamon
Hato Tejas, Cabo Rojo, Calero Camp, Caonillas Villalba, Carite Plant I,
Catano, Central San Franeiseo, Coamo Dam, Ensenada, Guajataca Dam,
Guayabal Reservoir, Guayanilla, Gurabo, Indiera Baja, Jdjome Alto, La
Fe, Maricao, Maricao Fish Hatchery, Matrullas Dam, Maunabo 1SW,
Mora Camp, Naguabo 6W, Paraiso, Penuelas Salto Garzas, Puerto Real,
Ric Blanco Lower, Rio Blanco Upper, San Lorenzo Espino, San Sebas-
tidn, Santa Isabel SNW, Santa Rita, Toa Baja Constancia, Toro Negro
Plant 2, Villalba, Yabucoa INNE, Yauco 1S.

RESULTS AND DISCUSSION

Table 1 shows mean daily maximum-, mean daily minimum-, mean
daily average-, absolute highest- and lowest temperature (°C) versus
elevation (m) relationships for January through December. It was found
that temperature is negatively correlated with elevation. The relation-
ships were linear. All regression coefficients were significant at P=0.01.

For various months, the coefficient of correlation varied from 0.89 to
0.96 for mean daily average temperature; 0.80 to 0.89 for mean daily
maximum temperature; 0.67 to 0.79 for mean daily minimum tempera-
ture; 0.64 to 0.80 for highest temperature and 0.43 to 0.60 for lowest
temperature. The coefficient of determination (R?) varied from 0.78 to
0.92 for mean daily average temperature; 0.64 to 0.7 for mean daily
maximum temperature; 0.44 to 0.63 for mean daily minimum tempera-
ture; 0.41 to 0.64 for highest temperature and 0.19 to 0.36 for lowest
temperature. These coefficient of correlations imply that these relation-
ships gave best estimates of mean daily temperature for January through
December compared to highest and lowest monthly temperatures.

TMAX and TMIN, T estimates are indicated in tables 2, 3 and 4.

“Temperature data: Puerto Rico and U.S. Virgin Islands, updated 1984, National Clima-
tic Data Center, Asheville, NC 28801.

*Climatography of the United States No. 8645 of Puerto Rico and U.8. Virgin Islands.
In: Chimatie Summary of the U.3.-Supplement for 1951 through 1960. U.S. Department of
Commerce, Washington, D.C.
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Example I: The Fortuna Substation, Juana Diaz, P. R. is located at an
elevation of 12 m and is identified as station No. 7292-Ponce 4E by U.S.
Department of Commerce.® Estimated monthly temperature for this loca-
tion:

Table 1 indicates linear relationships between temperature (Y) and
elevation (X), Y = A + B X. With values of A, B from table 1 and X =
12, temperatures are calculated and shown in table 5. The observed tem-
perature values are also given in table 5.

Example II: Estimate potential evapotranspiration (PET) for January
with information in table 1.

Hargreaves and Samani* indicated the following relationships to esti-

mate PET:

PET = 0.0023 x R, x (T + 17.8) x (TMAX — TMIN)*® .. /1
PET = 0.0135 X R, X (T + 17.8) oo 12/

where, PET is potential evapotranspiration (mm per day); R, is extrater-
restrial radiation (mm per day); T is mean daily average temperature in
°C, TMAX and TMIN are mean daily maximum and minimum tempera-
tures in °C. R, for Puerto Rico (18°N) is 11.68 for January, 13.02 for
February, 14.65 for March, 15.83 for April, 16.30 for May, 16.38 for
June, 16.38 for July, 15.80 for August, 15.23 for September, 13.62 for

TABLE 5.-Observed and estimated temperatures al Fruits Substation
Juana Diaz, Puerto Rico

Temperature "C?

Mean Mean Mean Absolute Absolute
Average Maximum Minimum Highest Lowest

Month 0OBS EST O©OBS EST OBS EST OBS EST OBS EST
Jan 24.3 238 301 20.1 18.6 185 36.1 33.7 13.3 129
Feb 243 238 299 203 18.6 1883 360 343 122 126
Mar 246 243 303 300 18.9 186 2344 350 133 129
April 254 251 30,7 305 203 19.8 344 465 14.4 14.3
May 264 26.1 312 3.1 218 212 358 35.6 161 1556
June 27.1 2.8 317 317 226 219 36T 358 144 16.7
July 2783 269 321 320 226 2213 36,7 361 14.4 16.8
Aug 276 271 325 320 226 221 37.8 363 6.1 17.2
Sept 27.4 o0 324 320 224 1.9 367 364 183 16.8
Oct. 270 96.6 320 818 219 214 367 35.9 16.1 165
Nov 262 257 315 308 210 20.6 367 353 156 153
Dec 252 247 307 297 19.6 19.5 356 342 128 141
Annual 26.1 257 31.3 808 209 205 36.0 3583 14,8 15.1

‘Woeather station Ne. 7292 PONCE 4E at an elevation of 21 m.

*Temperature values were estimated using relaticnships between temperature (°C) and
elevation (m) given in table 1. Gbserved temperature is from climatography of the U.S.
No. 86-45-Puerto Rico and U.3. Virgin Tslands.”
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October, 12.11 for November, 11.2M0r December, respec-
tively. R, is incident solar radiation.

PET was calculated with equations /1/ and /2/, values of R,, T, TMAX
and TMIN. PET values are given below:

Equation /1/: PET = 2.4 mm/day for January
Equation /2/ and R = 6.9: PET = 3.4 mm/day for January

Ezample 11I: Develop PET model as a function of incident solar radia-
tion (R,) and elevation (X) with temperature versus elevation relation-
ships in table 1. Temperature (T, °C) and elevation (X, m) is defined hy
the following relationship:

T=A+BXrX i 13/

where A, B are regression coefficients defined by table 1 for Jarnary
through December. Combining equations /2/ and /3/, we obtain:

PETNEW =0.0135 x Ry, x (A + Bx X +17.8) ............. 4/
Rearranging:

PETNEW = R, x (0.0135 x A + 0.0135 B x X + 17.8 x 0.0135) . /5/
or

PETNEW = R, x ((0.2403 -+ 0.0135 X A) + (0.0135 X B)X) . /6/
or

PETNEW = R, X (Al + B X X) ©oovoroeeeeeeeeereneennn. 1

where, A = 0.2403 + 0.0135 A, and B' = 0.0135 B. For January through
December, equation /7/ reduces to:

PETNEW, = R, % (Al + B! X X) e, 18/

wherei=1,2,8,4,5,6,7, 8,9, 10, 11, 12 for January, February, March,
April, May, June, July, August, September, October, November, De-
cember, respectively. Introducing values of A; and B; from table 1, we
obtain valies of A} and B} and equation /8/ reduces to the following
equations:

January: PETJAN = R, x (0.563085 — 8.8695 X 10°xX). 1/
February: PETFEB = R, X (0.56268 — 8.8425 x 10° x X} . /10/
March: PETMAR = R, x (0.569295 — 8.721 x 107 x X) . /1V/
April: PETAPR = R, x (0.580635 — 8.7075 x 107° x X} . /12/
May: PETMAY = R, x (0.594 — 8.8965 x 10™° x X) ...... 3/
June: PETJUN = R, x (0.602775 — 8.5569 x 107 x X) .... /14/
July: PETJUL = R, x (0.605205 -~ 8.7075 x 10~ x X) ... /15/
August: PETAUG =R, x (0.60728 — 85725 x 107 x X) . /16/
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September: PETSEP = R, x (0.60534 -- 8.694 x 107° % X) . /1
October: PETOCT = R, x (0.600075 - 8.667 x 107° x X) . /18/
November: PETNOV = R, x (0.588465 — 8.694 x 10 x X) . /19/
December; PETDEC = R, x (0.57483 —~ 8.964 x 10° x X} . /20/
Annual: PETANUAL = R, X (0.58779 - 8.748 x 10 x X) . /2l/

where PETNEW, = Potential evapotranspiration in mm per day, R,-=
Incident solar radiation in mm per day and X = elevation in m. Equations
19/ to /21/ are only valid for Puerto Rico.

Equations /9/ to /21/ are valid only for Puerto Rico and for 4.5 = X
= 900. Eq. /1/ can not be used to develop equations /9/ to /21/ because
coefficient of correlation between (TMAX — TMIN) versus elevation is
very poor (table 1) for all months. This is explained by the fact that R,
varies at all locations in Puerto Rico. When the temperature data are not
available, equations /9/ to /21/ are useful because elevation of a location
is readily available from property records, U.S. Weather Bureau, U.S.
Geological Survey, USDA-SCS, or another local government ageney in
Puerto Rico. It is not possible to combine equations /9/ to /21/ into one
equation as the relationships among temperature versus elevation are
different for January through December.

Example IV: Estimate PET for 36 locations in Puerto Rico with the
Hargreaves and Samani model.
Hargreaves and Samani® indicated following relationship:

PET = 0.0023 x R, x (T + 17.8) x (ITMAX — TMIN®®) .. /1/

R, for Puerto Rico is given in example I1. T, TMAX and TMIN (°C)
are from Climatography of the United States No. 86-45 for Puerto Rico.®
¢ PET for 36 locations in Puerto Rico was estimated with equation /1/ and
temperature data, These PET values are shown in table 6.
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