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ABSTRACT

The efect of the urbanization on temperature and on rainfall is studied by analyzing
observational data. The primary data used are observations from Port Area and Science Garden.
These correspond to locations in the urbanized area. These observations are supplemented by
observations at rural areas. The analysis shows a definite warming trend. This trend is equivalent
to an increase of about three degrees per ceniiurg analysis of the rainfall data indicates no
appreciable increase in rainfall in the urbanized area.

1. Introduction
Previous investigators have also found in-
Observational studies have shown that the clereases in rainfall. These increases are due to several
mate of a city or an urban area is significantly differerfiactors. The most important is the temperature increase
from that of the surrounding rural areas. The differencessociated with the urban heat island. Another factor
are due to four factors. First, urbanization changes tigthe increase in air friction associated with the increase
thermal properties of the earth surface. Areas of com roughness of the earth surface in the city due to
crete, asphalt and other building materials replace veuildings and other structures. These two factors gen-
etation. The result of these changes is a higher surfaemte upward motions in the urban area and in the imme-
temperature of the urbanized area. Second, buildings attidte vicinity Under favorable conditions, the upward
other structures in the urban area are obstacles to thetions result in condensation of water into clouds
wind. The obstacles alter the general flow patterns amahd rainfall. Another factor which could contribute to
generate air turbulence. Third, urbanization changes tttee generation of rain is the release of cloud condensa-
moisture conditions at the earth surface. The relativetion nuclei into the atmosphere by industrial and other
moist vegetated surface of the original rural area is reeurces in the cityThis factor is important primarily in
placed by a dry surface. ey little evaporation occurs inland urban areas.
from the surface which results in a drier and warmer sur-
face air over the cityLast, the urbanized area emits heat Many studies have been made in order to de-
and pollutants to the atmosphere. tect the effect of urbanization on rainfall. The detection
is very difficult because rainfall is highly variable, both
As a consequence of the abovementioned fag? space and in time. Nevertheless, urban-generated
tors, the urban area becomes warmer than the surrounainfall has been indicated in several past studies. For
ing rural areas and the so-called urban heat island devekample, urban rainfall trends in Tulsa (Oklahoma)
ops. The urban heat island is best developed when tteowed a gradual increase in summer rainfall of about
prevailing winds are light and the skies are cl&arring ten percentin five decades (Landsberg, 1956). During
such conditions, the urban-rural temperature differendbis increase, the urban area grew from an Indian village
may reach values as much a8 OHoweverthe average of a few hundred inhabitants to a city of several hun-
difference for all types of prevailing weather conditionsired thousands of inhabitants. Subsequent studies
is much smallerwith an average of about one to two(Changnon, 1970) showed an increase of five percentin
degrees (see for example, Detwjll979). As a city grows annual rainfall due to urbanization in both Chicago and
in size, the temperature contrast between the city and thebana.
surrounding rural areas increases. Several investigators
have found an average increase of abS@ fper one The most intensive study which has been con-
hundred years. ducted in order to determine the effect of urbanization



on rainfall has been done in the St. Louis area in Missowrtban area. The explanation is found in Fig. 5, which
under the METROMEX Project (Huand \bgel, 1978). shows the monthly variations of the average maximum
The results of the study show that the maximum urband average minimum temperatures. Looking at the
effect occurs northeast of the city of St. Louis (about 3€urve for maximum temperature, one sees that Science
km from downtown) outside the main urbanized area. Th{3arden is approximatelyC warmer on the average than
maximum (about thirty percent increase) is found durinBort Area during the daytime. In contrast, the minimum
the summer when the prevailing wind blows toward theemperatures aré@ colder at nighttime. The net effect
northeast; this location of the maximum is downwind ofmakes Science Garden colder during an entire 24-hour
the city in relation to the prevailing wind. In contrast, theeriod. The warmer temperatures in Science Garden
urban effect is negligible upwind of the city toward theduring the daytime are due to the urban heat island
southwest. Over the city itself, the increase in rainfall isffect. During the night, howevearadiation makes the
only about ten percent. The urban effect of rainfall ilemperatures colder than those at Port Area where tem-
mostly due to the intensification of ongoing storms ageratures are moderated by the relatively warm sea sur-
they move across the warm urbanized area of the ciface.
The greatest intensity is reached after the storms have
crossed the city into the northeast rural areas. In Fig. 4, we noted an indication of an increas-
ing temperature trend for both Port Area and Science
In this report, we describe the results of a stud@arden observations. éWill now discuss this aspect
to determine the effect of the urbanization of Metro Main more detail. In order to show the trend, we have
nila on temperature and rainfall. The growth of the urbatomputed decadal averages of the temperatures during
area associated with Metro Manila is indicated in Figs. the period, 1961 to 1997. Note that, due to the lack of
2 and 3. Fig. 1 indicates that the urban area in 1872 coveia, the last average corresponds only to a 7-year av-
an area of only about 5 square kilometers. Metro Manikeraging period, 1991 to 1997. The results of these com-
in 1941 isin Fig. 2 and is roughly 50 sq. km. The preseptitations are shown in Fig. 6. One sees that there is an
urbanized area of the city is shown in Fig. 3. The urbaimcrease of about°C at both stations during the 35-
ized area is about 700 square kilometers, representing mgear period, 1961 to 1997. The rate of warming is equiva-
than one hundred times the size of the 1972 area. ltlémt to about 3C in 100 years. This rate is approxi-
interesting to note that the Manila Observatory startadately 10 times that of the estimated average rate of
making observations at the Padre Faura station in 186%arming for the entire globe.
several years earlier than the map in Fig. 1. Fig. 1 indi-
cates that the station may be considered as practically a We now compare the trend at the above urban
rural area at that time. The observations continued upgtations with that of corresponding rural stations. For
the end of the Japanese occupation. The station wasmparison, we use the analysis of corresponding tem-
destroyed during the Battle of Manila in 1945. Subseserature observations during the same period for the
quently two weather stations (Port Area and Sciencivo rural stations available: Cabanatuan, Nueva Ecija
Garden) were established. The locations of these staticarsd Ambulong, Batangas. Cabanatuan is located about
are shown on Fig. 3. 100 km north of Metro Manila while Ambulong is lo-
cated at about 50 km south of Metro Manila. The re-
The primary temperature and rainfall data usedults of the analysis are shown in Fig. 7. Note that there
are the observations at the two stations: Port Area aate no systematic temperature trends at the two rural
Science Garden. Port Area is a coastal station as shostations. On the basis of the lack of trend at the two
in Fig. 3. Onthe other hand, Science Garden is an inlangtal stations, we can conclude that the warming trend
station in the urbanized area about 10 km northeast aif both Port Area and Science Garden is due to the
Port Area. Data are available for the period of 1961 tarbanization of the Metro Manila area.
1997.
3. Urban effects on rainfall
2. Urbanization effects on temperature
The general characteristics of the time varia-
As an introduction, we show the general chartions of rainfall for Port Area and Science Garden may
acteristics of the temperature variations with the aid oftze seen in Fig. 8. ¥\see extremely lge variations in
plot of the time series of monthly temperatures in Fig. 4he rainfall in contrast with the smoother variations of
Note that there is a significant rising trend in the tempergemperature in Fig. 4. Note, for example, the large varia-
ture at both stations. This aspect will be discussed fions during the period, 1971 to 1973. Starting with a
more detail later Note also that, on the average, Portalue of about 2000 mm in 1971, the rainfall jumps to a
Area is warmer than Science Garden. This is surprisinglue of about 3500 mm in the next yemichange of
on the basis of the fact that Port Area is located at tladout 75 percent in one yed@his is followed by a re-
edge of the urban area while Science Garden is within then to approximately the same value in 1973. lItis re-
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Fig. 1. The city of Manila in 1872 [after Abanes-Pujalte (1981)].




Fig.2. Metropolitan Manila, 1900-1941 [after Doeppers (1984)].




Fig. 3. Metropolitan Manila in the present [aftal&foso, et al. (1992)].
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Fig. 4. Arerage annual temperature for the years, 1961 - 1997.

markable that, the rainfall at both stations exhibit similaput still inside the urban area. Following the reasoning
time variations throughout the entire period of observaised for St. Louis above, one can account for the greater
tions. One notes that, on the average, the Science Gainfall observed at Science Garden compared to that at
den has more rainfall than Port Area. This is shown moRort Area. In fact, one would expect the same rainfall
clearly in Fig. 9, which shows the decadal averages tédndency even if the urbanization has not occurred.
rainfall, corresponding to the time series. The total raifFhis is due to the effect of the sea breeze which would
fall at Science Garden is greater than that of Port Area hgrmally occur due to the temperature contrast between
about 10 percent. the sea and the rural. Howeythis contrast would be
less than the corresponding contrast at present between
In order to account for the greater amount ofthe sea and the urbanized area. Therefore, the purely
rainfall at Science Garden, we use the same argument used breeze effect on rainfall would be considerably less
to explain the urban effect of St. Louis City on rainfalthan the urbanization effect.
(Changnon et al., 1976). One might recall that the effect is
manifested by a rainfall maximum located northeast of the Before leaving this section, we discuss briefly
city. This location is on the leeside of the cibyn the the intriguing trends in the rainfall observed at the Pa-
basis of the prevailing winds which blow from southwestire Faura station during the period from 1865 to 1940.
to northeast. While the winds traverse the urban heRuring this period, the urbanized area of Metro Manila
island associated with the citthe surface air is heated increased considerablyrhe time series of rainfall for
and convective showers are initiated. The showers ithis period is shown in Fig. 10. One can see that there is
tensify as they continue drifting with the wind towarddefinitely an increasing trend in rainfall. The greatest
the northeast. Thus, a rainfall maximum occurs to thate of increase occurs near the second half of the pe-
leeside or northeast of the cityn contrast, rainfall is riod. For comparison, we show on the same diagram,
minimum to the windward side which is outside the urthe time series for Dagupan; rainfall data is available
banized area. = An analogous situation occurs in toaly for the later part of the period. Dagupan is a rural
Metro Manila area during the summer when the prevaistation of the same rainfall type as Padre Faura. Since
ing flow is generally from the southwest. Port Area (seBagupan shows no corresponding increase, can we at-
map in Fig. 1) is located at the western edge of the urbanbute this increase in rainfall at Padre Faura to urban-
ized area, or the windward side. On the other hand, Sdation? This question would be an interesting problem
ence Garden is toward the leeside relative to Port Aréar future study
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Fig. 5. (a) Maximum and (b) minimum average monthly temperatures for Science Garden (SG) and Port Area
(PA) stations.



Fig. 6. Decadal temperature averages for the two stations in Metro Manila.

Fig. 7. Decadal temperature averages for two rural stations.



Fig. 8. Total yearly rainfall for the years, 1961-1997.

Fig. 9. Decadal rainfall averages for the Metro Manila stations.



Fig. 10. Rainfall variations at Padre Faura (Manila) and at Dagupan.

4. Socio-economic implications of urban climate change than those of the neighboring rural areas. The
excessively high temperatures will result in increased
The growth of Metro Manila urban area, amorbidity and loss of productivitgspecially in the poor
tropical city has been a major threat to the environmendistricts of the city
In tropical regions, the development of urban areas pose
special problems due to the general absence of strong
prevailing winds which tend to ventilate cities. In this In the case of rainfa]L our Study indicates on|y
connection, we note that there are now about 30 urbgrlight effect of urbanization over Metro Manila. This
areas in the tropics with a population of more than { consistent with the results of previous studies which
million. In almost all of these areas, haphazard urbanizati@fow that the effect occurs primarily outside the urban
has created serious environmental problems. This is m@gka, along the downwind direction according to the
serious in connection with the proliferation of squatteprevailing wind. Accordinglyurban Metro Manila
areas in cities. Many of these environmental problemgould generate rainfall over regions north of the city
are minimized by the proper siting and designing of urbafliring the southwest monsoon season. Therefore, no
areas. These can be done so that they incorporate Hgerse results will occur over the city due to the rainfall.
results of observational studies such as the one we hayg the other hand, the rainfall effect could be beneficial

described here. In addition, they can also incorporate theterms of additional rain over the regions north of the
results of the theoretical simulation studies which we aggty.

presently undertaking at the Manila Observatory

In brief, one may conclude that the primary

Our present studies indicate that there has beggverse effect of urbanization over Metro Manila on
a gradual increase in temperatures associated with {##@ environment is the increase in temperature inside
growth of Metro Manila. During the last twenty yearsihe city This is in addition to the more seriougeet
the average increase is about one degree. This incregggociated with air pollution. These effects can be
corresponds to all types of weather conditions. Undeinimized by the proper planning of urban areas. Our
adverse conditions (weak winds together with clear skiggydies indicate that such planning should incorporate
in the summer), we estimate that the city temperaturesiifformation from climatological investigations of the
the afternoons could be as much as ten degrees warmgggcts of urbanization. For example, the effects can be
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minimized by an appropriate consideration of the site and Thomas, Ed., Mags’Role in Changing the Face

the shape of urban areas relative to the prevailing wind. of the Earth, Univof Chicago Press, 584-603.

A more thorough study of these effects can be determined

by computer simulations based on fluid dynamicaValeroso, I., C. A. Monteverde, and M.A. Estoque, 1992:

models. Diurnal variations of air pollution over Metro-
politan Manila. Atmosfera, 5, 241-258.

5. Summary and conclusions

This report presents a study of the effects of
urbanization on the climate of Metro Manila. The cli-
matic elements considered are the temperature and the
rainfall. Observational data from two stations in the ur-
banized area (Port Area and Science Garden) are used.
These are supplemented by observations from rural ar-
eas. The analysis of temperature shows a definite warm-
ing trend of about the same amount at both stations. The
increase is equivalent to a warming of abd@ Ber one
hundred years.

The analysis of rainfall at Port Area and Science
Garden indicates an increase in rainfall in the urbanized
area. But, due to the lack of data, it is not possible to
determine prcisely the areal extent and the magnitude of
the effect of urbanization on rainfall. It is suggested that
this effect be investigated by using an urban climate
model.
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