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ABSTRACT


A 30-year meteorological data derived from complex synoptic stations of the Philippine Atmospheric, Geophysical and Astronomical Services Administration (PAGASA) were analyzed to determine the climatology and susceptibility to meteorological dissasters of the three major ports of entry in the Philippines.


The meteorological data used in the study were confined to surface air temperature, relative humidity, cloudiness, rainfall, wind speed and direction, storm surge and tropical cyclone. Simple statistical method was employed to determine the mean average and climatic variability of each variable used in the study. T-test was used to determine their significant mean differences.


Results of the study revealed that the climate in and around each port of entry differs from each other. The port of Cebu in the Central Visayas is highly susceptible to meteorological disasters, followed by the port of Manila in Luzon. The port of Davao in Southern Mindanao is almost entirely free from meteorological disasters.
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1.
Introduction


The Philippines, an archipelago of 7,100 islands, is 1,850 kilometers (1,150 miles) long and 1,060 kilometers (660 miles) wide. Because of its geographical location, the country evolves as corridors to some atmospheric hazards (Adug, 1986). Among these hazards are tropical cyclone, storm surge and waterspout. On the other hand, its climatic conditions made it a good place for tourists’ destination, a gateway for commerce and trade, and, consequently, its maritime resources made it rich haven for naval operations, maritime and fishing industries.


As a tourist destination, the country is endowed with rich natural resources such as beautiful and adyllic beaches, verdant mountains, and thermal waters where people can enjoy and relax, as well as recapitulate. As an archipelago, the country is an ideal port of entry for commerce and trade in the Far East. The three large bodies of water surrounding the archipelago, namely: the Pacific Ocean to the east, Indian Ocean to the south and South China Sea to the west, made the country more accessible to both domestic and foreign vessels to load and unload as well as transport their cargoes. As such, the country plays a vital role in marine transportation and prolific fishing industry.

2.
Data and Methods

2.1
Topographic Data


Topographic data were extracted from topographic maps of the places where the ports are located. These maps are published by the National Mapping Resources and Information Authority (NAMRIA) of the Philippines. The data were used to identify topographic features  in and around the periphery of the three major ports of entry (Manila, 14.58°N lat, 120.85°E long; Davao, 07.11°N lat, 125.61°E long; and Cebu, 10.30°N lat, 123.97°E long) in the Philippines.

2.2
 Climatic Data


Records of the climatic data used in the investigation were obtained from the PAGASA observational data forms and various publications from the data bank of the agency. The data were stratified by combining all the records of the same months for the whole period starting on January 01, 1966 to December 31, 1995. Wind rose diagrams which depict the wind speed and direction were obtained from a regular publication of CAB, PAGASA.

2.3
Tropical Cyclone Data


The data were extracted from the archives of the Weather Branch (WB) of PAGASA that is responsible for tracking the cyclones found to have developed and affected the Philippine area of responsibility (PAR). The cyclones are classified according to the intensity of occurrence which affected the areas of concern.

2.4
Storm Surge Data


The data on storm surge were obtained from the compilation of historical storms in the Philippines by Arafiles et al. (1986), daily newspapers, and results of the typhoon survey (ocular) conducted by the PAGASA personnel.

2.5
Statistical Treatment of the Data


The computations of the monthly and annual averages were done using the formula by Mc Guigan (1977), as follows:
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T-test was employed to determine the significance of mean temperature difference. The critical values were set to 0.05 probability level using the formula:
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3. 
Results and Discussion

3.1
Manila

3.1.1
Topography


Manila can be viewed lying at the inner side of the natural harbor of Manila Bay, Sierra Madre Mountains fringe immediately to the east and Mt. Banahaw to the southeast. To the west and northwest are the rolling mountain ranges of Bataan and Zambales. These mountain ranges play important role in the formation of distinct climatic factors of the area. The tracks of cyclone in the Northern Hemisphere are usually westerly or northwesterly direction. These mountain ranges shield or protect the area from the destructive typhoons either by decreasing the wind velocity or diverting the direction of the typhoon downward or upward from Manila (Jose, 1989; Amadore, 1990; and Talib, 1990).

3.1.2
Temperature


Table 1a indicates the climatological normals of maximum, minimum and mean temperatures for Manila from 1965 to 1995.

3.1.2.1 
Maximum and Minimum Temperatures


An analysis of the 30-year data revealed that April is the warmest month  with an average temperature of 34.2°C. January was observed to be the coolest month with an average temperature of 23.0°C. These conditions made January 33% cooler than the month of April, as shown in Table 1a.

3.1.2.2
Mean Monthly Temperature


The mean temperature difference in Manila from 1966 to 1995 are presented in Table 1b. For the first decade (1966 to 1975), the mean temperature difference shows a decrease of 0.10°C, while for the second decade (1976 to 1995), there is a mean temperature increase of 0.80°C The decrease of  0.10°C in the first decade was found not significant at 0.05 probability level, while the increase of 0.80°C in the second decade was found statistically significant at 0.05 probability level with several degrees of freedom.

3.1.3
Relative Humidity (RH)


The climatological normals of relative humidity which were recorded in Manila from 1965 to 1995 are also indicated in Table 1a. It can be seen that the driest month is April with an average RH of 64%, while the highest RH value of 84% was observed in August. It can be deduced that April is about 22% drier than August which may be due to the changing dry air in the free atmosphere. The high RH value observed in August coincides with the intense southwest monsoon. It is evidenced by the presence of clouds during the period.

3.1.4
Cloudiness


Table 1a also presents the amount of clouds observed in Manila for the period 1965 to 1995. Manila experienced cloudy skies throughout the year. Five octas  of clouds were observed from February to April. Trade wind is the prevailing wind system during this period of the year because the place is shielded to the east by the mountain ranges and due to the orographic effects, most likely, convective clouds are developed. Seven octas were the maximum amount of clouds observed from July to September. This is the time when the southwest monsoon is intense.

3.1.5
Rainfall


The average monthly rainfall for the port of Manila was greatest in August with 463.5 mm at the height of the occurrence of summer monsoon, as shown in Table 1a. This was followed by the month of July with an average rainfall of 406.7 mm. Rainfall in August is about 84 times greater than its equivalent rainfall in February, which is the driest month in a year with 5.5 mm. Mean monthly rainfall in November and May were below normal, as indicated in Table 1a. Based on the analysis, two distinct rainfall regimes were established: six to seven months were dry and the remaining months of the year were wet.

3.1.6
Humidex


Figure 1a depicts the computed mean monthly humidity index  for Manila. Analysis on the results of the computation  shows that almost everyone felt uncomfortably humid from May to June and experienced discomforts during the rest of the year.

3.1.7
Surface Wind Speed and Direction


Figure 1b presents the constructed wind rose diagrams for the prevailing wind speed and direction of Manila. It can be seen from the figure that the port of Manila was likely affected by weak northeasterly wind from November to January and this is the period when the northeast monsoon prevails. The winds became weak easterly to southeasterly from February to April and slightly variable in May, as influenced by the prevailing easterly wind flow. Southwest winds prevailed from June to September, becoming slightly variable in October and these are the months when the southwest monsoon is intense. Since the southwest portion of the port is exposed to the southwest wind flow, it can be expected that such wind directions will prevail.

3.1.8
Tropical Cyclone


Table 1c shows the frequency of cyclones that affected Manila. The 15-year cyclone data observed and recorded in and around  Manila revealed that 119 cyclones affect the area of concern. Twenty two of which or 18% were tropical depressions (TD), 34 or 29% were tropical storms (TS), and 63 or 53% were typhoons (T). Of these cyclones, Manila was directly hit by 79 cyclones, 13 or 17% passed near or over the area, 40 or 51% passed north of the area, and 26 or 32% passed south of the area. Except for the month of February, cyclones had affected the place more frequent during the months of June to December. The peak of the typhoon season was during the months of July and October. Figure 1c shows the damaging cyclones that had affected Manila from 1980 to 1990.

3.1.9
Storm Surge


Table 1d presents the storm surges that affected Manila Bay. Based on 100-year data, Manila Bay was affected by Typhoon Bebeng which passed south of Manila and generated a surge of 1.96 m high in Balanga, Bataan. It can be inferred that inspite of topographic features around Manila Bay, the port of Manila is likely susceptible to meteorological disasters. These disasters could range from storm surges, strong winds, or heavy rainfall spawned by typhoons.

3.2
Cebu

3.2.1
Topography


The province of Cebu is located at the center of the Visayan Islands, Bohol Strait, from Negros Oriental in the west separates it from Bohol in the southeast by Tanon Strait and from the province of Leyte by Camotes Island. The island of Cebu lies within 8° to 11° N lat, near the typhoon belt.


Cebu province stretches some 200 kilometers from north to south and the width is approximately 41 kms, the widest point near Cebu City. The terrain is rugged and mountainous with low peaks at the center of the island gradually leveling at the northern and southern ends. The uplands are almost entirely denuded with cogon as the only cover. The surface is characterized by sharp ridges alternating with valleys. Streams that cascade down those highlands cause strong erosion of the land. Plains along the coastline are narrow except for a wider expanse of flat lands at the northern town of Bogo. Rocks are mostly sedimentary and limestone.


The coastline of Cebu is highly regular, containing no deep embayments. Level land is limited to discontinuous coastal low level land on both the east and west. The largest area of plain is centered on Medellin in the north. This area has fairly wide tide swamps. On the East Coast and in the vicinity of Cebu City and Carcar, there are other flat lands near Cebu, which are measured 50 kms along the coast and penetrate only about 8 kms inland. Cebu City is located on a narrow alluvial plain at the foot of the provincial mountain system. It faces the eastern coast of the province covering a land area of 281 sq km. The small island of Mactan, immediately east of Cebu, is an old place which raised coral reefs.

3.2.2 
Temperature

3.2.2.1
Minimum and maximum Temperature


Monthly averaged maximum and minimum data are presented in Table 2a. Based on the 30-year data, May is the warmest month with an average temperature of 32.9°C, while January and February were observed to be the coldest months with an temperatureaverage of 23.8°C each. The results revealed that May is 32% warmer than the months of January and February.

3.2.2.2
Mean MonthlyTemperature


The annual mean temperature difference from 1976 to 1985 and from 1986 to 1995 are shown in Table 2b. There was a decrease of 0.20°C between the two decades. The decrease was found to be statistically significant at 0.05 probability level with several degrees of freedom.

3.2.3
Relative Humidity (RH)


It can be seen in Table 2a that RH for Cebu tended not to vary much all the year round. The highest RH was observed in October to December with a value of 81%, while the lowest value of 75% was observed in April. With this condition, April is about 7% drier than during the months of October to December. It can be deduced that such conditions occurred at the same time when tropical cyclones were more frequent than the rest of the year.

3.2.4
Cloudiness


Cloud data for Cebu City is shown in Table 2a. The least amount of clouds were observed in April, while more clouds were observed in June to October. These could be attributed to the air streams affecting the area. 

3.2.5
Rainfall


Table 2a shows the mean monthly distribution of rainfall in Cebu. It is indicated that rainfall amount was greatest in July with 191.7 mm, followed by rainfall in June and October when the area received almost the same amount of rainfall. April was the driest month with only 43.4-mm rainfall  and which is 4 times lower than the rainfall amount in July. February to May were relatively dry months, while the remaining months of the year were wet.

3.2.6
Humidity Index (Humidex)


Figure 2a presents the humidity index for the port and harbor of Cebu. The area experienced varying degrees of discomfort levels from January to April. Almost everyone felt uncomfortable during the months of May and June, becoming less uncomfortable the rest of the year.

3.2.7
Surface Wind Speed and Direction


Figures 2b presents the wind rose diagrams depicting the monthly prevailing surface wind speed and direction. The port of Cebu is likely to be affected by two major wind components. The southwest monsoon predominates during the months of June to September, becoming slightly variable in October. From November to April the prevailing wind direction is northerly when the northeast monsoon predominates. This could be the transition period from northeast to southwest monsoon.

3.2.8
Tropical Cyclone


Table 2c shows the analysis of the frequency of tropical cyclone passage in and around Cebu. It is indicated that the area was directly hit by 79 cyclones. There were 16 or 20% tropical depressions, 18 or 23% tropical storms, and 45 or 57% full blown typhoons. Of the 45 typhoons, five of which were devastating. It can be seen also in Table 2c that the cyclones had almost always affected the place all the year round, except for the month of February. Twelve typhoons (15%) passed near or over, 62 typhoons (79%) passed north,  and 5 typhoons (6%) passed south of the area. Thus, Cebu is battered by typhoons from all directions and the occurrence was frequent during the months of October and November, as depicted in Figure 2c.

3.2.9
Storm Surge


The port of Cebu has the highest degree of probability of being affected by storm surge, as indicated in Table 2d. This condition is true when the tracks of the typhoon are westerly.

3.3
Davao City

3.3.1
Topography


Davao City is located on the northwest shore of Davao Gulf at the southern entrance of Pakiputan Strait, lying in the grid squares of 06.97 to 07.57°N lat and 125.23 to 125.67°E long. It is bounded on the north by the province of Davao del Norte, on the east by Davao Oriental, on the south by Davao del Sur, and on the west by Cotabato. Davao City proper is approximately 946 aerial kms or 588 statute miles, southeast of Manila.


A substantial part of Davao City is mountainous, characterized by extensive mountain ranges with uneven distribution of plateaus and lowlands. The mountain range, which delimits the western boundary of the city, extends as far down to South Cotabato. The mountain range nurses the highest peak in the Philippines, which is the Mt. Apo located in the intersection of North Cotabato, Davao del Sur and Davao City. Mt. Apo has an elevation of about 9,696 ft (2,953 m) above sea level. It has been considered as  a semi-active volcano.

3.3.2
Temperature

3.3.2.1
Minimum and Maximum Temperature


Maximum and minimum temperature data are presented in Table 3a. The 30-year data revealed that April is the warmest month with an average annual temperature of 33.1°C, while January and February were observed to be the coldest month with 22.3°C. The average minimum monthly temperature is about 33% colder than the temperature in April.

3.3.2.2
Mean Monthly Temperature


The annual mean temperature differences from 1966 to 1995 are presented in Table 3b. The mean difference between 1966 to 1985 decade had increased by +0.30°C and the decade between 1976 and 1995 shows also an increase of +0.30°C.  The mean temperature difference for the three decades were statistically significant at 0.05 confidence level with several degrees of freedom.

3.3.3
Relative Humidity (RH)


It can be noted in Table 3a that the RH in Davao City tended not to vary significantly throughout the year. The highest RH was observed from June to August with an average of 82%, while the least RH was observed in April with 78%. In this aspect, April is just about 5% drier than the month of June to August.

3.3.4
Cloudiness


Table 3a shows the monthly average cloud cover for the port of Davao. Five octas of clouds were observed in April, while six octas were observed for each month for the rest of the year. Topographic features of Davao, to a large extent, could have influenced the cloud formation in the area.

3.3.5
Rainfall


Table 3a indicates the distribution of rainfall, which is  more or less even throughout the year. More rainfall was observed in June with 193.9 mm, while less rainfall was observed in March with 84.9 mm. The rainfall amount in June is about 2 times greater than the rainfall equivalent amount in March.

3.3.6
Humidity Index (Humidex)


The analysis on humidex in Davao revealed varying  discomfort levels throughout the year, as depicted in Figure 3a. Discomfort level is maximum during the months of April and May, and minimum discomfort was observed during the months of January and February.

3.3.7
Surface Wind Speed and Direction


Figure 3b shows the constructed wind rose diagrams for the port of Davao City. It can be noted that only two major wind directions had affected the place throughout the year. The wind direction is southerly from June to October becoming slightly variable in November. Northerly wind prevails from December to March, becoming slight to variable in April. Windflows follow the wind pattern in the Philippines on the same year. The northerly wind direction, likewise, obeys the northeast monsoon  which is prevalent during the months of November to March. The persistence of these wind directions is due to the proximity of the station to the equator (6°N) in the south and to the Pacific Ocean to the east of the place. 

3.3.8
Tropical Cyclone


Table 3c presents that the frequency of occurrence of tropical cyclones in Davao is less compared to Manila and Cebu. During the 15-year period, Davao was only 5 times visited by cyclones. Two or 40% of which were depressions and the other three or 60% were of typhoon intensities. All of the events passed north of the port of Davao. Tropical cyclones occurred twice during April and once for each month of July, September and December. Figure 3c depicts the only track that passed over Davao in 1970.

3.3.9
Storm Surge


Davao del Sur was affected by Typhoon Titang on October 16 to 22, 1979, as indicated in Table 3d. The typhoon developed below 60°N lat and transversed along the mountain ranges of southern Mindanao. The historical records of the occurrence of storm surge showed that Davao del Sur, due to its proxomity to the equator, is seldom visited by typhoon. Hence, susceptibility of the port of Davao to meteorological disasters is very low.

4. 
Summary and Conclusion


The climate in and around the port of Manila is characterized by temperature which has its maximum in April and minimum in January. The maximum and minimum temperatures are about 5°C higher and lower than its average temperature of 28°C, respectively. Relative humidity is high in August and low in January. Rainfall is much below normal during the months of January to April, below normal in December and above normal for the rest of the year. Rainfall for the month of April is about 28 times less than in August, the wettest month of the year. It seldom rains during the months of December to May. Manila has two pronounced seasons, dry from January to April and wet for the rest of the year. Cloudy skies predominate the entire year.


Cebu is characterized by high temperature during the month of May and low during the months of January and February. The mean temperature in the area is 28°C. Relative humidity ranges from 75 to 81%, which is high from October to January and low in April. Cloudiness ranges from partly cloudy during the month of April and cloudy for the rest of the year. The average rainy days range from 5 days in April to 15 days in July, September and October. Rainfall is below normal during February to May, nearly normal in January, and above normal during the rest of the year. April, being the driest month, had rainfall which is about 4 times lower than the rainfall in July which is the wettest month of the year.


Davao del Sur province is characterized by nearly normal rainfall from December to March, and above normal for the rest of the year. The lowest rainfall is received in March, which is twice lower in April and lowest from January and February. The maximum temperature is  about 5°C higher than its average temperature of 28.2°C. Relative humidity is high from June to August and low in April. Cloudy skies prevail during the entire year. The number of rainy days ranges from 11 to 18 days, which is less frequent in April and more frequent in June.


As deduced from the mean temperature difference, an increase of temperature was observed in Manila and Davao and a decrease in Cebu. The increase in mean temperature may seem to agree with the theory of Merkel (1996) that the average earth’s surface temperature will rise by 3.0°C (plus and minus 1.5°C) at the turn of the century, and of Hughes (1982) that the amount of the heat observed by the earth’s surface could make a spatial distribution of temperature.


Relative humidity tended to vary geographically. It decreases with increasing latitudes. The average monthly RH observed in Davao was 81%, 79% in Cebu, and 74% in Manila.


The temporal and spatial amounts of cloud observed in three major ports of entry revealed that Manila and Cebu had almost the same cloud cover throughout the year. Davao is predominantly cloudy throughout the year. The cloud formation over the three major ports in the Philippines was greatly influenced by the prevailing airstreams affecting the country at different times of the year (Kintanar, 1984).


It can be inferred  that rainfall observed at the major ports were highly affected not only by orographic factors but also influenced by other weather systems, like Intertropical Convergence Zone (ITCZ). This weather system oscillates both in the Northern and Southern Hemispheres of the Philippine archipelago following the movement of the sun.


The three major ports and harbors of the country had varied humidity index. In Manila and Cebu, almost everyone is uncomfortable during the months of May and June. In Davao, varying discomfort level was observed in May.


Tropical cyclones seldom affect Davao because of its proximity to the equator, where the movement of the wind is very slow. Wind shear is one of the important factors in the formation of cyclones in the tropics, which is not present in or near the equator.


Typhoon Bebeng, which passed south of Manila, generated a surge of 0.66 to 1.996 m. The area is likely affected not only by typhoons coming from the east of the country but also from the weather disturbances originating from the South China Sea with an induced southwest monsoon. Davao City was also affected by storm surge generated by Typhoon Titang which passed south of the place. It left an enormous damage to both life and property. Cebu is susceptible to meteorological disasters and the most recent one was Typhoon Ruping that devastated the place and left also an enormous damage to life and property.


According to Kintanar (1985), Jose (1989) and Amadore (1990), cyclone that developed at the eastern part of the country moved either westerly or northeasterly. Moreover, typhoons that crossed the latitude country and the ports near the typhoon passage are likely susceptible to meteorological disasters. Damages could range from the effects of strong winds, heavy rainfall, cyclones, or storm surges.
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Table 1a.
Climatological Normals, Port Area, Manila (1961-1995).

	
	Weather Elements

	Month
	Rainfall
	Temperature
	RH (%)
	Cloud (0-8)

Octas

	
	Amount

(mm)
	Rainy Days
	Max

(0C)
	Min

(0C)
	Mean

(0C)
	
	

	Jan
	16.2
	4
	29.4
	23.0
	26.1
	71
	5

	Feb
	5.5
	2
	30.3
	23.2
	26.6
	68
	4

	Mar
	9.5
	2
	32.0
	24.5
	28.1
	65
	4

	Apr
	16.4
	2
	33.4
	25.7
	29.5
	64
	4

	May
	133.3
	9
	33.3
	26.4
	29.8
	69
	5

	Jun
	289.1
	17
	32.1
	25.8
	28.9
	76
	6

	Jul
	406.7
	22
	31.1
	25.4
	28.2
	79
	6

	Aug
	463.5
	22
	30.5
	25.1
	27.8
	82
	7

	Sept
	353.4
	20
	30.7
	25.1
	27.9
	81
	7

	Oct
	232.9
	17
	30.9
	25.0
	28.0
	78
	6

	Nov
	124.5
	11
	30.6
	24.4
	27.5
	75
	5

	Dec
	54.1
	8
	29.7
	23.6
	26.6
	74
	5

	Annual
	2105.0
	136
	31.2
	24.8
	28.0
	74
	5


Table 1b.
Three Decades Mean Temperature Differences Recorded 

for the Port of Manila (1965-1995)

	Year
	Mean Temp

(0C)
	Year
	Mean Temp

(0C)
	Year 
	Mean Temp

(0C)

	1966
	28.1
	1976
	27.3
	1986
	27.2

	1967
	27.4
	1977
	28.0
	1987
	28.7

	1968
	27.5
	1978
	27.8
	1988
	28.7

	1969
	28.0
	1979
	27.7
	1989
	28.3

	1970
	27.7
	1980
	27.7
	1990
	28.5

	1971
	27.9
	1981
	27.6
	1991
	28.0

	1972
	28.0
	1982
	27.6
	1992
	28.6

	1973
	28.3
	1983
	28.0
	1993
	28.9

	1974
	27.5
	1984
	27.7
	1994
	29.2

	1975
	27.3
	1985
	27.6
	1995
	28.7

	Mean
	27.8
	Mean
	27.7
	Mean
	28.5

	
	
	Mean diff
	-0.10
	Mean diff
	+0.80


Table 2a.
Climatological Normals, Port of Cebu City, Cebu 






(1961-1995)

	
	Weather Elements

	Months
	Rainfall
	Temperature
	RH (%)
	Cloud (0-8)

Octas

	
	Amount

(mm)
	Rainy Days
	Max

(0C)
	Min

(0C)
	Mean

(0C)
	
	

	Jan
	104.0
	10
	29.8
	23.8
	26.8
	81
	5

	Feb
	68.2
	8
	30.2
	23.8
	27.0
	79
	5

	Mar
	56.1
	7
	31.1
	24.4
	27.7
	77
	5

	Apr
	43.4
	5
	32.2
	25.4
	28.8
	75
	4

	May
	72.0
	6
	32.9
	25.9
	29.4
	76
	5

	Jun
	182.1
	14
	32.1
	25.3
	28.7
	79
	6

	Jul
	191.7
	15
	31.6
	24.9
	28.2
	80
	6

	Aug
	146.5
	12
	31.8
	25.1
	28.4
	78
	6

	Sept
	176.9
	15
	31.8
	24.9
	28.3
	80
	6

	Oct
	183.5
	15
	31.4
	24.7
	28.1
	81
	6

	Nov
	148.9
	12
	31.0
	24.7
	27.9
	81
	5

	Dec
	130.9
	12
	30.2
	24.2
	27.2
	81
	5

	Annual
	1504.2
	131
	31.3
	24.8
	28.0
	79
	5


Table 2b.
Two Decades Mean Temperature Differences for the Port 


of Cebu (1976-1995)

	Year
	Mean Temp  (0C)
	Year 
	Mean Temp  (0C)

	1976
	27.8
	1986
	27.9

	1977
	28.0
	1987
	28.2

	1978
	28.2
	1988
	28.1

	1979
	28.3
	1989
	27.8

	1980
	28.1
	1990
	27.8

	1981
	28.4
	1991
	27.6

	1982
	28.2
	1992
	28.0

	1983
	28.4
	1993
	28.1

	1984
	27.9
	1994
	27.9

	1985
	27.9
	1995
	27.8

	Mean
	28.1
	Mean
	27.9

	
	
	Mean diff
	-0.20


Table 3a.
Climatological Normals, Port of Davao City, Davao del Sur 



(1961-1995)

	
	Weather Elements

	Months
	Rainfall
	Temperature
	RH (%)
	Cloud (0-8)

Octas

	
	Amount

(mm)
	Rainy Days
	Max

(0C)
	Min

(0C)
	Mean

(0C)
	
	

	Jan
	110.5
	13
	31.1
	22.3
	26.7
	81
	6

	Feb
	105.0
	12
	31.3
	22.3
	26.8
	80
	6

	Mar
	84.9
	11
	32.3
	22.7
	27.5
	79
	6

	Apr
	148.3
	11
	33.1
	23.3
	28.2
	78
	5

	May
	190.7
	16
	32.8
	23.6
	28.2
	80
	6

	Jun
	193.9
	18
	31.9
	23.3
	27.6
	82
	6

	Jul
	156.3
	15
	31.6
	23.0
	28.3
	82
	6

	Aug
	180.4
	14
	31.8
	23.0
	27.4
	82
	6

	Sept
	183.8
	15
	32.1
	23.0
	27.6
	81
	6

	Oct
	165.4
	15
	32.3
	23.0
	27.7
	81
	6

	Nov
	131.1
	15
	32.3
	23.0
	27.7
	81
	6

	Dec
	99.5
	13
	31.6
	22.7
	27.2
	81
	6

	Annual
	1749.8
	168
	32.0
	22.9
	27.4
	81
	6


Table 3b.
Three Decades Mean Temperature Differences Recorded 

for the Port of Davao City (1966-1995)

	Year
	Mean Temp

(0C)
	Year
	Mean Temp

(0C)
	Year 
	Mean Temp

(0C)

	1966
	27.3
	1976
	27.2
	1986
	27.5

	1967
	27.6
	1977
	27.1
	1987
	28.0

	1968
	27.3
	1978
	27.5
	1988
	27.9

	1969
	27.2
	1979
	27.8
	1989
	27.6

	1970
	27.0
	1980
	27.6
	1990
	27.9

	1971
	27.3
	1981
	27.6
	1991
	27.9

	1972
	27.1
	1982
	27.5
	1992
	28.2

	1973
	27.3
	1983
	27.9
	1993
	27.7

	1974
	27.0
	1984
	27.3
	1994
	27.7

	1975
	27.1
	1985
	27.5
	1995
	27.5

	Mean
	27.2
	Mean
	27.5
	Mean
	27.8

	
	
	Mean diff
	+0.30
	Mean diff
	+0.30


Table 1c.
Frequency, direction and damages of tropical cyclone that affected 



Manila from 1965 to1990.

	Month
	Intensity of tropical cyclone occurrence
	Direction of passage with respect to the place
	Typhoon recorded damages

	
	Tropical Depression
	Tropical Storm
	Typhoon
	Over/

Near
	North
	South
	

	Jan
	1
	
	1
	
	
	2
	

	Feb
	
	
	
	
	
	
	

	Mar
	
	1
	
	
	
	1
	

	Apr
	
	
	2
	1
	
	1
	

	May
	
	1
	3
	1
	2
	1
	

	Jun
	2
	2
	10
	2
	9
	3
	Konsing/ORA(1972)

Damage: P100M

Dead: 131

	Jul
	3
	6
	14
	1
	19
	3
	

	Aug
	4
	6
	5
	1
	14
	
	

	Sep
	5
	6
	5
	1
	14
	1
	

	Oct
	2
	8
	13
	3
	15
	5
	

	Nov
	2
	1
	9
	3
	6
	3
	

	Dec
	3
	3
	1
	
	1
	6
	

	Total
	22
	34
	63
	13
	80
	26
	



Table 1d.
Storm surge that affected Manila Bay.

	Date of occurrence
	Place(s) affected
	Waveheight (meters)
	Typhoon that generated storm surge

	Oct 11-15, 1970
	Western Coasts of Luzon
	3.0-6.0
	Sening/JOAN

Damage:  P459.18 M

Dead:  175

Injured: 1,593

Missing: 193

	Jul 12-16, 1983
	Manila Bay:
	
	Bebeng/8303

	
	Limay, Bataan
	0.99
	

	
	Orion, Bataan
	0.79
	

	
	Balanga, Bataan
	1.96
	

	
	Orani, Bataan
	1.42
	

	
	Port Area, Manila
	0.66
	


Table 2c.
Frequency, direction and damages of tropical cyclone that affected 


Cebu City from1965 to 1990.

	Month
	Intensity of tropical cyclone occurrence
	Direction of passage with respect to the place
	Typhoon recorded damages

	
	Tropical Depression
	Tropical Storm
	Typhoon
	Over/

Near
	North
	South
	

	Jan
	3
	
	2
	2
	2
	1
	Asiang /KIT1972)

Damage: 145M

Dead: 204

Missing: 5

	Feb
	
	
	
	
	
	
	

	Mar
	
	1
	
	
	1
	
	

	Apr
	1
	2
	2
	1
	3
	1
	Diding/WANDA (1971)

Damage: P8.3M

Dead: 56

Missing: 39

	May
	2
	1
	3
	2
	4
	
	

	Jun
	1
	1
	6
	
	8
	
	

	Jul
	1
	
	7
	
	8
	
	

	Aug
	2
	1
	3
	
	5
	1
	

	Sep
	
	2
	1
	
	2
	1
	

	Oct
	1
	6
	8
	2
	13
	
	Ruping/MIKE (1990)

Damage: P10,276.5M

Dead: 508

Missing: 240

Injured: 1,274

	Nov
	2
	1
	9
	1
	11
	
	Basing/ (1980)

Damage: P191,000.00

	Dec
	3
	3
	4
	4
	5
	1
	TUndang/AGNES (1984)

Damage: P 8M

Dead:  895

Missing: 272

Injured: 2,526

	Total
	16
	18
	45
	12
	62
	5
	




Table 2d.
Storm Surge that affected Cebu City

	Date of occurrence
	Place(s) affected
	Waveheight (meters)
	Typhoon that generated storm surge

	October 12-15, 1912
	Consolacion, La Union
	9.1
	

	Aug 31-4 Sep 1985
	San Fernando, La Union
	3.25
	

	Nov 10-14, 1990
	Catmon. Carmen
	2-3
	Ruping/MIKE

Damage: P10,276.553M

Dead:  508

Injured: 1,274

Missing: 240


Table 3c.
Frequency, dIrection and damages of tropical cyclone that affected 


Davao City from 1965 to1990.

	Month
	Intensity of tropical cyclone occurrence
	Direction of passage with respect to the place
	Typhoon recorded damages

	
	Tropical Depression
	Tropical Storm
	Typhoon
	Over/

Near
	North
	South
	

	Jan
	
	
	
	
	
	
	

	Feb
	
	
	
	
	
	
	

	Mar
	
	
	
	
	
	
	

	Apr
	1
	
	1
	
	2
	
	

	May
	
	
	
	
	
	
	

	Jun
	
	
	
	
	
	
	

	Jul
	
	
	1
	
	1
	
	

	Aug
	
	
	
	
	
	
	

	Sep
	
	
	1
	
	1
	
	

	Oct
	
	
	
	
	
	
	

	Nov
	
	
	
	
	
	
	

	Dec
	1
	
	
	
	1
	
	

	3ٹYZJض­؛د4سذTotal 
	2
	
	3
	
	5
	
	



Table 3d.   
Storm surge that affected Davao

	Date of occurrence
	Place(s) affected
	Waveheight (meters)
	Typhoon that generated storm surge

	Oct. 16-22, 1970
	Talomo Beach & Coastal

Towns of Davao del Sur
	
	Titang/KATE

Damage:  P 304

.8M

Dead:  631

Injured:  76

Missing:  204

Houses destroyed: 5,276
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Figure 1b. Consiructed wind rose diagram for the proviing wind speed and
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where:       �EMBED Equation.3���=  average mean


	    Sn =	sum total of observed values


	     N = 	total number of observations





where            t   =	computed probability value


         �EMBED Equation.3��� 	=  annual temperature averages of 2 decades


          N1 & N2 	=  total number of years in each decade
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