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A.1 SOCIO-ECONOMY
1.1 POPULATION AND HOUSEHOLD SURVEY

A population survey covering the whole Study Area was conducted by JICA Study Team
through the collaboration of a Flipino consulting firm, Development Partners Inc. The
survey was conducted from August 10 to September 15,1994,

The survey was carried out through an actual counting and a sampling survey according
to the three groups of the areas eategorized as fotlows:

1) Affected arcas:  aclual counting
2) Threatened arcas: 5% sampling survey
3} Unaffected arcas: 5% sampling survey

The definition of the above three area-groupis :

1) “Alfected arcas” refer to those barangays which were affected by 1991 and
1992 lahar incidence and have programs to be resctiled,

2) “Threatcned areas” refer to those barangays which were also affected by 1991
and 1992 lahar incidence bul have no programs lo be reseltied, and

3) “Unaffecled areas” refer to those barangays which are situated in the Study
Area and were nol affected by lahar in the past.

The magnitude of the damages suffered by lahar and flood was decmed to have been

~cnhanced by this order. The areal distinction among barangays of these three groups is
‘shown in Fig.5.2.1 of Main Repot. :

The result of the population survey is shown by cach barangay in Table A.1.1. The total
houschotd population of the Study Area is estimated at about 680,800 and the average
family size was 5.1 in August 1994. The population densily by cach barangay is depicted

‘in Figure 5.2.2 of Main Report.

No information was gathered from two barangays: Laput in Mexico municipality and
Calumpang in Mabalacat imunicipality by the following reasons: a) refusal of the survey
by barangay officials in Laput and b) complete isolation of Calumpang duc to lahar
sediment. s -

A.2 PROJECT EVALUATION
2.1  DEFINITION OF PROJECT BENEFIT

The beneflit to be accrued from the implementation of the Project was defined in this
Study as the reduction of direct and indirect damages to be caused by the flood/mudflow.
The probable direct and indirect damages were eslimated under the without-projcct
conditions as of the end of 1994. The damage to be occurred under the with-project
conditions were assumed to be zero under the design flood of less than 20-year return
period. Thus, the project benefit constitutes the probable damage to be occurred by
flood/mudflow of less than 20-year return period.

2.2 METHODOLOGY OF FLOOD DAMAGE ESTIMATE
(1)  Estimateof Direct Damage
In estimating the damageable valuc of propestics in the probable inundation area, a

“Barangay Data Base” was cstablished in the GIS (Geophysical Information System).
Al the data required for the estimate of damage including the area, farm land by crops,



population, number of household, number of buildings and cslabiishm_cnts,
infrastructures like roads and bridges, and ircigation canals of each barangay were input
and artanged in this Data Basc. An absteact of the said data base is compiled in Tables
A.2.21 to A.2.22 for the probable inundation area of the Sacobia/Bamban and Abacan
Rivers. (c.f. Appendix R for the details of GIS related matters.

The probable inundation areas were delineated for the two river basins on the basis of a
hydrological simulation study and is showa in Figure A.2.1 for cach return pesiod of 2,
5, 10, 20, 50 and 100 years. The whole area of a barangay was divided into a number of
cells of a 100-square meter in each of which the information on depths of inundation and
sediment for cach return period was loaded from flood analysis.

Damage curves were generated for major items of propertics such as residential buildings,
non-residential buildings, paddy field, uptand crops, and infrastructures including roads
and bridges. Damage curves were generated for each hazard of flooding, sediment and
~ lahar toward the depth of cach hazard. The damage curves established wn the Study of
- Agno River Flood Control conducted by JICA in 1990 and the standard of Ministry of
Construction of Japan were referred to in generating these curves. The said curves are
depicted in Figure A.2.2.

The unit value of each damageable property was adopted mainly from the above-
mentioned Agno Study after adjusting the change in market prices between the time of the

“two studies. The information derived from local government agencies were also
incorporated. Unit valuecs applied in this Study are shown in Table A.2.1.

The method of identifying and eslimaling damageable values is stated by each item
hercunder:

1) Buildings

A regression formula showing the relationship between the number of house,
‘establishments and household were generated through a multi-variable regression
analysis lor cach barangay. Thé basic data were provided froim the aerial
photographs of probable inundalion arcas along the Bamban River in both the pre-
eruption lime and post-cruption time. The result of the population census in 1990
.conducted by NSO and the result of the population survey conducted by the JIICA
Study Team in August 1994 were referred to as well. The recent result of the
Survey of Establishment conducted by NSO in 1993 was also utilized. The
- regression formula obfained is shown in Table A.2.2. It was tried to establish
two formulas for urban and rural arcas respectively. But, due to the lack of data,
only the formula for rural area in the Sacobia/Bamban River Basin could be
- denved and was applied commonly to urban area and Abacan River Basin as well.
~ The number of buildings to be affected was obtained by this regression formula
~through inputting the percentage share of the affected arca toward the barangay
~arcaof cach barangay. The unit value of buildings arc as shown in Table A.2.1 in
~which the depreciation ratio of 50% was assumed.

' 2) Agricultural Crops

The land use map of each agricultural crop was input into G1IS Barangay Data
- Base for cach barangay. This land usc map was produced bascd on the Study of
- Dominant Land Use in the CLDP Study and the Key production Area map
prepared by BSWM (Burcau of Soils and Water Management). The damage of
agricultural crops were computed according to the arca affccted by the
flood/mudflow of each return period. Unit prices applied were those net income
values of each cop adopled in Agno Study after being adjusted for the price
- change between the time of the two studies. The said umit prices are shown in
Table A.2.1. The damage of the livestock was estimated by a ratio (7%) of the



agricultural crops following the Agno Study af ter reviewed bascd on recent
statistics.

3) Infrastructures

The length of roads and bridges were stored in the Barangay Data Basc for cach
barangay. The damage to these infrastructures were computed according to the
arca to be affected in cach barangay.

The probable damage was derived for cach return period as the product of the above-
mentioned area to be affected, depths of floodt/mud{low, unit values and the number of
propesties.

The average annual direct damage was obtained for cach river after aggregating cach
property damage and is tabulated in Tables A.2.3 and A.2.4. Judging from the gradient
of the curves shown under the above-mentioned tables, the design period of 20 years can
be said reasonable.

The probable direct damage by major properties and by cach retuen period for cach
barangay is shown in Table A.2.23 for Sacobia/Bamban and in Table A.2.24 for Abacan -
River. The probable damage of the 20-year return period or each barangay is shown in

"Figure A.2.4 for Sacobia/Bamban River and in Figure A.2.5 for Abacan River.

{2) ' Estimate of Indirect Damage

" In this Study, the indircct damage covers such secoridary damages to be stemmed from

the Nood/mudflow occurrences as the additional transportation cost, the opportunity loss
of product due 1o the interruption of cconomic activitics caused by ftood/mud(low, the
cost of evacuation and the cost of clcan-up of buildings. The indirect damages were
estimated as stated hereunder.

- 1) Additional Transporlation Cost

" The probabte additional cost of transportation due to the forced detour caused by
flooding of roads and bridges was computed based on the detour distance,
duration and the vehicle operation cost. - The total traffic demand for crossing the

- Bamban River was assumed at 13,000 per day based on the recent traffic survey
of JICA and DPWH. Some traffic surveys on the related road section are

~ presented in Table A.2.5and the traffic counting survey conducted by DPWH in
November 1994 is shown in Table A.2.6. : ‘

The detour altemative routes were assumed for each origin-destination route under

" the normal condition, i.c., under the pre-eruption conditions as shown in Figure
A.2.3. In determining the detour roultes, it was assumed (hat the San Francisco
Bridge on Route 329 is nor passable for one month time in the rainy season du¢ to
the flooding of its access road. During that lime, the traffics bound for northern
wards from San Fernando and Angeles were assumed to make a long detour
taking the Friendship Highway via Santa Rita ncar Malolos without taking the
shorter route via San Fernando-Gapan road to avoid the habitual {lood prone area
near around Mexico municipality.

The computation formula and other data for the computation is shown in Table

A.2.7 and the details of the computation is shown in Table A.2.8. The time value
of drivers were not included in this Study. :



2) Loss of Production by Interruption of Economic Activitics

The loss of production by the interruption of economic aclivities caused by
Rood/mudftows were estimated based on the per capita GRDP of non-agricultural
sector (estimated at P36,900 in 1996 at 1994 price) multiplicd by the duration and
the number of affected people in urban areas. The computation of the estimated
loss of GDP is shown in Table A.2.9.

3) Evacuation and Building Ciean-Up Costs

The evacuation cost and the clean-up cost of building (o be occurred al the time of
disasters were estinated based on the unit cost from historical statistics as shown
in Table A.2.1.

The duration of evacuation was assumed at 10 week for lahar and 1 wecek for
flood. The period required for clean-up of buildings was assumed at 6 days for
lahar and 3 days for flood. The average annual coslts of evacuation and building
clean-up for each return period ate shown in Tables A.2.10 and A.2.11 for the
two river basins respectively.

2.3 PROJECT COST

The construction cost of alternative schemes was estimated on the basis of the (olfowing
preconditions: :

‘1) the base period of cost estimate was set at the end of 1994
-~ 2) the exchange rates were assumed at US$1 = P 25 = ¥100
" 3) the estimate excludes tax and duties : :
4) the cstimate does not include the price contingency for the future
5) the physical contingency cost, administration cost and engincering services cost
were eslimated at 25% of the main construction cost.

The reclamation cost of the sand pocket is not included in any alternative schemes because
the cultivation of the lahar affectied farnmn land is not deemed feasible af the preseat stage of
the Study yet. The cost for desilting works were treated as the maintenance cost and
scheduled to be disbursed in four {(4) years for Abacan and for nine (9) years lor
Sacobia/Bamban rivers starling [rom the initiation of the consteauction. :

The operation and maintenance costs of cach allernatives were estimated at 0.5% of the
total construction cost. :

The cost (financial) of all alternative schemes are summarized in Tables A.2.12 and -
A .2.13 for Sacobia/Bamban and Abacan Rivers, respectively.

2.4 - BENEFIT-COST ANALYSIS

The financial cost shown in Tables A.2.12 and A.2.13 was converted into the econoimic
cost to adjust the distorted markel price value. Considering the current unemployment
situation, the market wage was adjusted by shadow wage rate which was assumed at
60% of the market wage rate. In order to adjust the distortion of the official exchange
rale, the standard conversion factor of 0.86 was applied following the recent practice of
ADB (Asian Development Bank). The compensation of the land acquisition was adjusted
through evaluating the land value by the production foregone value assuming the
cultivation of the irrigated paddy (c.[. Table A.2.14).

The cost-benefit comparison is presented in Tables A.2.15t0 A2.19.




The disbursement of the capital investment was assumed evenly during four years of
construction period. The desilting works were assumed to start from the beginning of the
construction.

Bencefits were assumed o accrue immediately after the completion of the Project. When
the expected rapid economic growth in the Central Luzon Region is considered, the value
of properties in the Study Arca is reasonably expected to increasc rapidly as well. In this
Study, the flood control benefit, i.e., the saving of direct and indirecl damages was
assumed to increase at the same rate as that of GRDP of the Region, i.c., 8.23% p.a.

The benefit accrued from the saving of detour costs of vehicles is also expected to
increase as the traffic volume increases. In this Study, the growth rate estimated for the
new North Luzon Expressway studied by JICA in the LISR Study was adopted and
1.9% p.a. growth of traffics were applicd. While, assuming the completion of the said
new highway after 15 yéars, the transportation benefit was treated to be excluded from
the project benefit. Among the four alternatives for the Sacobia/Bamban Rivers, the
Alternative-1 does not include the construction of the road dike of the Route No. 3. This
is the reason for the Alternative-1 (o have less benefit than the other alternatives.

The result of the EIRR computation shows that only the Sacobia/Bamban Alternative-3
was justificd. Among four alternative for the Sacobia/Bamban River, the Alternative-2
showed the highest EIRR of 14.6% followed by the Alternative-4 with a slight
difference. The Abacan schenie showed a high EIRR of 28.2%.

2.5  IMPLICATION OF ECONOMIC I'VALUATION
(1)  “Present Status”
It is (o be noted that the project benefit to be accrued from the saﬁling of the probable

direct damage was computed on the basis of the present (as of end 1994) conditions of
the Study Area which is being covered partially by labar deposit. Therefore, in such an

~ area as Bamban municipality where a wide lahar deposit exists, the probable damage

counted in the cconomic analysis is far less than that to be occurred under the pre-cruption
conditions. In other words, there are tess probable damage remaining in such a heavily

* damaged area, which worked to reduce the EIRR of the Project. _ o

{2) Evaluation of Abacan Scheme

The high EIRR (28.2%) of ihe Abacan Scheme was derived maialy (ront the saving of
probable building damages to be occurred in the probable inundation area which includes
some densely populated areas in Angeles, Mexico and Sta. Ana. Even in some fess
populated barangays, a comparatively large damages are anticipated duc to the probable
damage ratio that is computed based on the duration of flooding (c.f. Figure A.2.5). The
comparatively small amount of the construction cost is another reason of the high EIRR.

3 Evaluation of Sacobia/B amban Allernatives

The Alternative-2 (14.6%) has a slight advantage comparing with the Alternative-4
(14.4%) in terms of EfRR value. A major difference in struciural components between
these two alternatives is that the Alternative-4 has the component of the construction of a
series of bed girdles in the Bamban River while the Alternative-2 does not have the
component. The resulted EIRR shows that the construction of a serics of bed girdles in
the Bamban River would work (o reduce the EIRR, though the Alternative-4 itself can be
justified as a whole. :

" The benefit to be accrued from the saving of probable dircel damages constitutes more

than half of the total project benefit (c.f. Table A.2.16). Like the case of the Abacan, the
component of building damage constitutes the major portion of the total benefit (c.f. Table



A.2.4). This is resulted from the fact that some densely populated areas in Concepcion
municipality are included in the probable inundation area. In the less populated arcas, the
agricultural crops is anticipated to be the dominant damage in Concepeion. In Bamban
municipality, no morc large damages are anticipated after the heavy damages experienced
in the past (c.f. Figure A.2.4).

The transportation benefit - savings of the detour cost of vehicle caused by the {looding of
roads - occupics more than 40% of the total benefit. This shows the fact that the Study
Atca constitutes an important location in terms of the transportation connecting the
National Capital Region and the Northern Luzon Regions. The transportation of raw
materials and final products transported into and out-of San Fernando and/or Angeles
conslitutes the major flow of the traffic.

(4)  Rcclamation of Sand-Pocket

The pre-eruption conditions of the current sand-pocket area is shown below:

Name of Bgy. Telabanca Malonzo  Sto. Rosario  Sapeng Balen  Tabun
Arca(sq.km) 7.7 24 1.7 7.9 1.7
H/H {1990) 350 128 K ¥t B G0 528
Pop. (1990) 2,249 811 2,268 347 3,001

The total area of about 22 square km land is now abandoned and wtilized as the sand trap.

As shown above, there existed in this arca five (5) barangays before the eruption and the
population was aboul 8,700 (1,450 houscholds) in total of the whole barangays.

In this Study, the reclamation of the sand-pocket arca was not included as a component.
Because, the feasibility of the lahar cultivation was obscure. Assuming the sugarcane
cultivation which is most profitable among various crops and assuming the normal yield
of 45 ton/ha, : ’

" Net Income = £20,930 * 2,200 ha = P46 million/ycar
Reclamation Cost (Annualized) = R68.7 miltion {(for 2,200 ha)

The simple comparison of annual cost and benefil suggests that the exclusion of the
componenl is better for the Project. 1t scems better for the Project to implement the
reclamation when an appropriate technology of the lahar cultivation is established and the
lahar farming becomes feasible for farmers. . Meanwhile, the present Project can prepare
. the conditions for a possible use of the sand-pocket arca for farming. The area will be
ready for farmers to cultivate with their own will and investment for the cultivation.

(5) Tourism Development

Apart from the structural measures to cope with possible natural disasters, the present
Project will pave a way {or the region to promole a possible tourism development in this
arca. Actually, a small natural lake has been created after the eruption in the upper stream

“of the Sapang Cauayan River in a walking distance from the Route No. 3.- When the
safety of the climbing Mt. Pinatubo is assurcd, then a volcano tourism with a sight-
sceing network linking the mountains and lakes will become popular in this area. In the
CLDP Study of JICA, the development of a sort of eco-tourism is being envisaged in the
Region. An amusement park in Clark Field is also proposed in the same Study. A golfl
course is under construction near Dolores in Mabalacat municipality. All these tousism
development plans can be realized only after the security against possible natural disasters
is assured by such a structural measures proposed by the present Project.




{0) Physical Benelits

The Project benefit was estimated by the saving of probable direct and indirect damages
caused by the probable flood andfor lahar with a scale of 20-year return petiod. The
conseauent physical benefit will extend to the following:

1) Population to be relicved from inundation 53,000 (8% of Study Area)

2) Number of houschold to be relieved ;10,000 (7%)
3) Land area to be saved from inundation 1 87 square km (8%)
4) Farm land to be saved 1 4,300 ha

In summing up, the Project, as a whole of Abacan and Sacobia/Bamban Schemes, will
relicve 53,000 persons of 10,000 houscholds from suffering the inundation and will also
save 87 square km of land in which 4,300 h is a farm land (c.f. Table A.2.20.).

" The road traffic will be possible to be maintained the normal order, which is absolutely
necessary for economic activities and also for the daily life of an ordinary people. With a
sccurity of the safcty from the natural disasters, 2 company can make an investment with
alonger time span. The most valuable benefit of the Project scems to be that many people
can be free from the risk of losing their lives though it is not included in the benefit
computation.
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Table A.1.3 National Accounts by Sector of Origin (Percentage Distribution of GNP and GDP)

{Unit : billion pesos)

Constant 1985 Prices Current

Sector 1987 1988 1989 1690 1691 1992 1992

Agriculture, Fishery & Forestry 1504 1553 1660 160.7 1605 159.9 290.3
{24.7) {23.8) {23.2) {22.3) (22.2} {21.9} (2L.2)

Industry 215.1 2325 251.6 258.1 248.7 2475 445.7
- {35.5) {35.7) {36.5) {35.8) (34.4) {33.9) (32.6)

Mioing and Quan’ying 11,2 i1.7 11.4 111 10.8 113 16.2

Manufacturing 154.6 1671.7 1784 184.0 183.1 181.3 3299

Constniction 317 " 332 414 42.6 357 36.0 66.9

Electricity, Gas and Water 18.6 19.9 204 204 20.6 204 337

Services 253.1 270.6 286.8 2935 303.1 3053 606.0
(4.6}  (413) (41.6) {414} - {42.0) (41.8) (44.2)

Transportation 351 YR 40.2 412 41.4 42.1 719

Trade 90.0 94.6 - 993 i01.4 102.9 104.5 1854

Finance and Housing 56.2 60.5 66.3 70.1 69.4 69.8 139.9

© Other services 713 716 81.0 858 86.6 £6.1 202.3

Gross Domestic Product {GDP) 6196 . 6584 6984 - T173 7123 Ti27 1,3425
(101.8) (101.0) - (101.3) (99.5) - (98.6) {972.7)  (98.0}

Growth of GDP (% p.a.) {06.3) (06.1) (02.2) (007} {00.1)

Net Factor Income from Abroad -11.0 -6.2 -8.7 37 100 171 21.5

Gross National Produci{GNP) 6036 6522 680.7 7210 7223 7298 1,37100
(100.0) (100.0) ({00.0) (i00.0) - (100.0}) (1000) (100.0}

Growth of GNP (% p.a.) - {07.2) (05.7) - (04.5) (00.2)  (0LO)

Soureé : National Statistical Coordination Board . _
Interim Report 1 of Master Plan Study for West Central Luzon Development Program
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Table A.1.4  Major Indices of Two Provinces Related to the Study

. Area
. Papulation (1990)

Deasity (1990

Growih rate {1970-80)
{19380-90)

Urban population (1990)

Employment in agriculiure

. Economic structure (1990)

Agriculture
{nduslry

" Services

. Gross regional domestic products {1990)

Per capite GRDP (19%0)

. Land classification - A & D land

Land usa (1991) - Agriculiure fand
Grass/shrub lands
Wood lands
Paddy harvested area
Paddy yicid
Trrigation service area

. Physical infrastruciure

Road density {1990)

Household electrification .
Access to improved water supply (1990}
No. of telephones (15%0)

. Social infrastouctuce .

Papulation per hospitzal bed
Enrollment ratio - Primary
‘ Secondary

. Mazjor towns

{urban population in {930}

$q.km
thousand
fsq.km
% pa.
% pa.

RAN AR

mill Peso
b
ha (%)
ha {%)
ha {%)
ha (%)
ha
tha
%

kefsq.km
%
%
F100 popul'n

%
%

Thousand

H Provinces . i
I fPampanga 7 Tarhac Region Mi 1?&;199111‘;5
i 2,181 3053 18,2301‘ 300,000
i 1.532.61 859.2 6,198.5] 606850
’}GJE 281 340, 2012
2.54; 209 288
2.63 224 2.57 232
M5 298 603 43.5
229 519 354! 443
16.0 s 228 22.7
4212 120 392 354
41.2 355 330 419
22,650 10614 94,158] 1,066,224
14,779 12,353 15.]90’- 17,570
164.912(75.6); 184975 (60.6)] 1.051,908(57.7),;
104,421 (47,93 137400 (45.0)) - 635,345 (34.9),
(9.00 (27.8) (31.2);
(7.3 (17.8) (19.5)!
42,300 971990 499.8701
391 254 150
707 55.2
107 0.60 (0.89) - on 0.54
829 68.1
“80.4 618 63.0
¢.63 0.34 © 049
03 1,197 895
1 111 138}
: 5 _ 8 %
San Ferrando (157, Tarlac (79) .
Angeles  (236),
Mabalacat  (11B)
Guagua ~ (88)
Apalit  ~ (62)
CiMacabebe | {55)
Bacolor (50

Source: Prepared based on "Inception Report of the Master Pian Study for West Central Lvzon Development Program”

JNCA, Nov. 1991,




Table A.1.5 Production of Rice before and after Pinatubo Eruption

1989 1990 1991 1992
Volume (in MT)
Philippines 9,458,300 9,319,300 9,673,262 9,128,940
Region I 1,684,950 1,910,930 1,747,589 1,815,936
Bataan 59,605 63,070 53,420 64724
Bulacan 342,483 325,935 311,183 384,063
Nueva Ecija 768,471 971,763 921,451 865,804
Pampanga 192,530 202,758 167,449 - 165,113
Tarlac 256,116 272,178 248,662 300,533
Zambales © 65,739 15,226 - 45,424 35,699
© Harvested Aréa (in ha) : _
© Philippines 13,497,300 3,318,700 4,040,850 2,582,180
Region I . 517,390 529,370 499,870 471,590
Bataan 17,160 17,300 16,7270 17,050
Bulacan - 84,630 79,110 183,810 83,540
Nueva Ecija 234,270 248,210 241,740 224,900
Pampanga 53,860 - ©51,590 42,800 38,730
- Tarlac © 99,720 105,100 97,990 . 02,720
Zambales C 21,500 - 28,060 - 16,760 14,650
Productivity (in MT/ha)
Philippines 270 2.81 239 .- 3.54
Region 111 3.26 361 3.50 3.85
* Bataan 347 365 3.19 380
Bulacan 4.05 4.12 3.71 4.60
Nueva Ecija 328 3.92 381 . 385
Pampanga : 357 3.93 N 4.26
Tarlac 2.57 2,59 2.54 324
© Zambales 2.37 268 271 244

Share in the Country’s Production

Region 1l 17.8% - 20.5% 18.1% 119.9%
Bataan : 0.6% 0.7% 0.6% 0%
Bulacan 3.6% 35% 3.2% 4.2%
Nueva Ecija 8.1% 10.4% 9.5% 9.5%
Pampanga ' L 2.0% 2.2% 1% 1.8%
Tarlac 2.1% 29% 2.6% 3.3%
Zambales _ 0.7% 0.8% L 0.5% o 04%

Share In Region 111 Production _ :
Bataan ©3.5% 3.3% 3.i% - 3.6%

Butacan 203% - 11% 17.8% 21.1%
Nugva Ecija 45.6% - 50.9% 52.7% 41.7%
Pampanga 11.4% " 10.6% . 9.6% 2.1%
Tartac 15.2% C14.2% 14.2% +16.5%
Zambales 39% 3.9% 2.6% 2.0%

Source : Bureau of Agricultural Statistics, Department of Agriculture
Interim Report 1 of Master Plan Study for West Central Luzon Development

Program



Table A.1.6 Socia-economic Profile of City/Municipality In the Study Area

Area Population  Popdensity  IncreaseRate Urban % Farmband %
City/Municipality __(sq.km) 1990  (persqkm}  80-909.p.a. InTotaiPop. inLandUse'®
Angeles City 62 236685 3807 2.28% 96.76% 1.14%
32.20%
Arayat 119 73189 613 2.58% 20.04% 55.75%
9.90% .
Mahalacat i 190 12111S 638 4.11% 8i.12% 2.83%
16.50%
Magalang 105 43940 419 2.35% 36.83% 36.17%
6.00%
Mexico 99 69441 702 2.64% 28.17% 90.49%
2.,40%
SantaAna ie 32540 452 2.52% 13.33% 38.68%
4.40%
Barnban 389 35639 92 3.18% L BS.21% 6.16%
4.80% _
Capas a5 25795 261 3.17% 67.46%* 28.52%
4.50% '
(261.42) - (61,20%5) {234) (2.78%)
Concepcion - 161 97776 608 2.49% 11.74%* 99.36%
13.30% :
_ {16345} (103,146) (509) (2.49%) L
Study Area Totst 1296 . 736121 568 2.74% © 58,79%
100% )
Cf.SanFernando 81 157851 1944 3.59% 99.40% 5.63%
Philippine © 300000 BOE8S000 202 2.32% 48.50%
Region 3 18231 6195000 340 2.57% 60.30% .. 28.94%

Source: 1980 and 1990 "Census of Population and Housing™ NSO
Note:* shows ¥ of urban populationin the Study Area.
** shows 95 of the “key production areas” designated by BSWM-Region lil Office torvard total area

of each municipality.

Figures in the parentheses for Capas and Concepcion shows thosc for the total municipakity

_ including barangays outside the Study Ac¢a.
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Table A.§.8 Consumer Price Index and Wholesale Price Index in the Philippines

1988 1989 1930 1951 1932 1993 1894
CPlin the Philippines(1888=100) All terns 100 1122 128 152 1656 1764 1832
Inflation Rate{%) 122 142 18.7 89 15 a5
Food beverage tobacco 100 14 1276 1472 1573 {638
{nflation Rate(%) 14 1193 15.36 686 413
Whole Sale Price Index (1978=100)  Altltems 4935 5507 6075 6787 7174 705.4
for National Capiial Region {nftation Ratel%) 10.47 103 11.72 570 -1.67
Food 6887.7 6726 747 806 8506 8352
{nflation Rale{%) 1445 - 1106 790 553  -181
Machinery & Trans.Equip. 4274 4446 4893 5368 5384 6527
inflation Rate(%) 402 1005 871 0.30 266
Source : "Statistical Yearbook 1933° National Statistics Office
Note : " : Based on Mediun-ierm Phifippine Development Plan
** - Based on the estimale of GOP reporied on "Inquirers” of November 14,1994
- CcL 108393 1989?31 1990-04  1991-94
CPi{alttems) {% pa.) 12 i1.5 108 62



Table A.2.1  Unit Valucs of Damageable Propertics applicd for Project Evaluation

Items

Unit Value

I. Direct Damage

1. Buildings*
1) Residential Buildings
2) Non-Residential
3) Household effects
o 4) Inventory stock/equipment
2. Agricultural Ciops :
lirigated Paddy
Rainfed Paddy
Sugar Cane
Corn
5) Livestock
3. Infrastructure

6) Road
* National Road
Qther Roads
7) Bridge
National Bridge
" Local Bridge

. 8) Irrigation System

11. Indirect Damage

51,000 Pesosfbuilding
265,000 Pesos/building
© 14,000 Pesosbuilding
143,000 Pesos/building

12,650 Pesos/ha
9,440 Pesosiha
20,930 Pesosfha
9,810 Pesos/ha
{estimated by 7% of crop damage)

1,750 Pesos/m
1,400 Pesos/m

60,000 Pesos/m
50,000 Pesos/m
640 Pesos/m

9) Additionat Transportation Cost

IO) Distuption of Economic Activity

11} Evacuation Cost ‘ ' 216 Pesosffamily/week
12) Emergency Clean-up Cost 150 Pesos/day/fbuilding

Source ; .
- Table 2-3 of Interim Report (2) o
- Table 6.7 of Interim Report (1) for unit values of agricuitural crops
Note :

* Values assumed as those after depreciated by 50%.



Table A.2.2 Damage Esltimate of Buildings

A) Urban area : T=a*H + b*E + ¢'P -d’L
T=Number of building Identified on 1 : 10,000 map :
Pre-eruption conditions for the affecled area and post-eruption conditions for the
non-affected areas.
H=Number of household in 1994 surveyed by DPI
£=Number of establishmenl based on "Establishment Survey 1933°
P=Public building such as primary school, health posl elc.
L=Number of buildings lost by lahar incidence
a,b,c,d=constant to ba determined by linear regression

" By Ruralarea @ Tr=0.85 (Hr + Er) 47.7-0.47 Lr

Note:

1} Datas of “T*, "H" and "E* were suicienlly available only for rural areas. Datas of "P* and *L" were
" nel avaitable. Therefore, the equation {or rural areas were established as shown above and was applied
" for urban and tural areas commomly.

2} Also dus to the lack of data, the equation was estabiished only for Sacobla/Bamban rivers and was
applied o Abacan river as well.

Application for Damage Eslimate : _
The inundation of one building on the inundation map will be assumed s the partial inundation of,
not only residential building but, each factor of the equation such as establishment and public building.




Table A.2.3  Esiimated Average Annual Damage under without-Project Condition for

Abacan River

tA) 8) ) 0 (£} ) )
Average Annyat Average Annual
Peobabitity of Flood Damage Flood Darrage
Relurn  Exceedance for Everls within  "uploIndicaled Average Fiood Damage  up lo Indicaled
Period  Return Period __ Intervals Return Period  Flood Damage  withininlervals  Return Penod
{Pesos 10°5) [Pesos 1046} {Pesos 10°6) {Pesos 106}
2 05 157.68 0.00
03 240.47 12.14
5 02 32326 _ 7214
0.1 41123 © 4112
10 0.1 493.20 113.25
005 597.16 2986
20 0.05 695.12 143.12
003 - B16.65 2450
50 002 933.18 167.62
0.01 1064.23 10.64
100 0.0 1190.58 178.25
Table A.2.4  Eslimaled Average Annual Damage under without-Project Condition for
B Sacobia f Bamban Rivers
(A) {34 {C) 0 {€) {F) {G)
Average Annual Average Anauzl
Probability of Fiood Damage Flood Damags
Retwrn  Exceedance ot Events within up to Indicaled Average Fiood Damage  upWoindicaled
Perigd  Relurn Period . Inlervals Relurn Perod flood Damage  wilhinlntervals  Relurn Period
{Pesos 1076) {Pesos 10°6) (Pesos 1006) . {Pesos 10°6)
2 05 9091 _ 0.00
03 137.07 4142
5 02 - 83.83 41.52
0.1 . 23237 2324
10 04 280.90 £4.38
0.03 331.58 16.58
20 0.05 : 38225 80.94
' 003 - 436.45 13.08 :
50 002 490.04 : 94.02
_ 0.01 58372 5.54 _
100 0.0 517.41 99.56
— Y
200 -—— - :
§ 3 | e P
¥ -
=8 150
ER -
g3 . 1
£E 109y S S
g0 & _ :
a +
5§ 504 | ;
<Q w—g—== §acobia Bamban ——#—— Abacan
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Table A2.§ Trathc Surveys in the Study Area
Foad Section Data Soure ANode B Node Car_ Joepooy  Bus  Truck fal PCU  Qlhers

1y CLOPData

Kabatacat-Bamban{MNR} Ush 30t 3538 6554 1874 1807 18629 L 16237 015%
San andc-Angeles] NTEPE? 33 28 6793 8577 3300 1913 b 31405 01937
Himban Cagi N1CPar B3R 3% s 1M 1755 1268  1M0 105157
Angeles-San Femando ALTS2 37 3453 | 8197 0 20% 30 18565 01933
2) LISRData :
Sanfemando-MabalasatNLE) 11340 8073 2283 WL } 1992
Mabatacal-Capas 5065 1467 1104 2040 1392
3 DPWH Dau : .
Mabalacal-Bamban OPWH Angeles 1234 - §28 1w 922 3 225 Nov. 19,4
Mabalacat-Conception Sto 240t 223 83y 64 Nov.7-13.94
. ; Daily average
4)  Angees-San Femando(MNA) Kampsax Intl 12903 - 638 83 1379 ] 213 Nov 14,92
&tlo 13225 €85 190 1562, 249 Nov 4392
5
AN Baily average
Nota: )
- ¥2 hrs survey data which was adjusted 1o 24 hes data and is shown in the parenthses of tha down column,
LISA: Luzon Isiand Stralegis Road Development Study, JICA, July 1993
NICP: atonal Tt Count Program ,OPWH _
ALT9T; Feasibility Study of the Proposed Altemate Adedal Rloads in Central Luzon, 1994



Table A.2.6 DPWH Tratfic Counting Survey In November 1994

Unit: Number of vehechas

_ - Won Wovd Yoe Nov8 Wed hov.9 Thu Rev10” T Nov. 1t Sal Fov 12 Sun Nov. 13 Totad Daly Aver.
1) Gar,Tax,Van Jeep %23 2551 2292 2450 2313 2416 25¢4 16809 2431
{348) {27.5) 276) {283} 1 (285 ] {203}
2HJeepnay 3542 4248 “n 4487 4457 4438 st ) 29563 4223
(470} {54.2) (53.3) (518} 52.0) (52.3} (43.7} {51.5}
3} Smalt Bus 15 72 K 84 83 79 9 58% 84
{15} {09) ©on {10} {1.0} {9 {r1) {10}
4) Big Bus ] L] 848 88 854 83 745 - 5633 805
3.4 {98} {102) {10.0) {101} (38) {23 (28}
5) Rigid Trsck 442 536 607 £92 708 635 533 218 &3
55 58) 13 {30} {a.3) 7.5 [ 7.4
6) Articutated Tasci 07 8 €9 4 87 i g2 59 8i
{1.9) {0:8) {08} {09) [1:0) (0.5) [y (1.0}
7} Total 7540 7814 8296 8555 8572 8476 8004 87377 8197
(120} {100} £100) {100 (100) {109) (100} {100) {100)

Source : DPWH-POESO Angelas.
Hotes : 1} Tme of survey: 7:.00 am. -13:00 p.nv. from November 7 o Noveaber 13,1954,
2} Sito of survey : Station No, 021 in Mabalacat Municipality in Pampanga.
3):* : Ddgindl data covering 24 Ivs, was adusted to 1ahes, susvey in this table.



Table A 2.7 Data for Additional Transportation Cost

(1) Computation Formuta : SCF = CFwlo - CFw/
CF=TDC* DF
4
TDC = (LVOCi * ADTi} * DL
=1

“whete , SCF = Cost saving by reduction of risk for road unserviceabilily caused by ficod{P)
CF = Costby ficod(F)
TOGC = Tolal iralfic diversion cost{F)
DF =Duraticn of unsenviceability(days)
VOCi = Vehicle operation cast of vehicle type iR / vehicle-km)
ADTI = Average daily lraffic volume of vehicle type | (vehicle f day)
DL = Detouring length (km)

" (2) Vehicle Operating Cost{VOC)
Carlvan Jeepney Bus Truck

Vehlcle Mix 0469 0235 0.156 0.144
Running Cost{P/km) 2.29 1.61 3.65 4.93
Fixed Cost{fimin.) 0.123 0593 04835 0.937
ditlo {P/km) 0.185 089 1.253 1406

Total Cost lor Modal Mix{P/x  1.161 0587 0765 0893 3.408
3) A&erag(Ave:age speed assumed : 40km /b
{4) Assurned Detous Roules, Distance and Duration of Unsewicfeabimy

Route Distance {(xm) _ Bridge/ No. of

Season/ Dutation __ Code _Oetour Normal Highway Vehicle Route Alternatives -
Norrnal Condition N.t: - 86.5 B 1000 MNL-S/F-AGL-B-TLC
{through the year) N2: - 576 B 5000 S/F-B-TLC
N.3: - 27.9 8 5000 AGL-B-TLC i et
N.4: - 43 . B 500 S5/F-B-BB %
N5: - 37 B - 500 AGL-B-BB
"N6: - 10.1 B 500 S/F-S-CC
N.7: - 265 B 500 AGL-5-CC
For Dry Season D.1: - 1i16 865  F 10G0 MNL-MLS-F.Hwy-TLG
{6 months) D2 623 575 S 5000 S/F-S-CPS-TLC
D.3: 44.5 2719 . 8 5000 AGL-S-CPS-TLC
DA: 443 443 (B) 500 SiF-(D)-BB
D5: 27.9 397 ° {8) 500 AGL-(B)-BB
D.6: - 26.5 10.1 3 500 S/F-5-CC
D.7: 10,1 26.5 8 500 AGL-G-CC
For Rainy Season . R.A1: 111.6 855 F 1000 MNL-MLS-F.Hwy-TLC
" {5 months) Riz2: 623 575 S 5000 S/F-S-CPS-TLG
. RA13: 445 27.9 S 5000 AGL-S-CPS-TLC
R.1.4: 50.5 44.3 S 500 S/F-S-BB
R.1.5: 443 397 S 500 AGL-5-BB
R16: 265 104 S - 500 S#F-5-CC
R.1Z: 327 265 8 500 AGL-5-CC
30 daysin Ralny Season  R2.4: 1116 = 865 F 1000 MNL-MLS-F.Hwy-TLC
{1 month) R22: 154.4 57% F 5000 S/F-SAT-F.Hwy-TLC
‘R23: 1668 279 F 5000 AGL-SRT-F.Hwy-TLC
R.2.4: 1513 © 443 F 500 S/F-SAT-F.Hwy-8B
R25: 149 397 F 500 AGL-SAT-F.Hwy-BB
R26: 1668 10.1 F 500 S/F-SAT-F.Hwy-CC
R.2.7: 1513 265 F 500 AGL-SRT-F.Hwy-CC
Wole : 1) "Vehicle Mix™ was derived {rom the Tralfic Survey conducted by JICA Study Team In August 1934,
2) Abbreviaions 1 AGL:Angeles B88: Bamban CG: Concepcion MNL: Manila
© 8/F:San Fernando $AT; Sanla Rita TLC: Tatiac @
MLS: Malolos  CPS: Capas F.Hwy: Friendship Highway
B : Bamban 8Bridge S : San Francisco Bridge F : Friendship Highway

{B) : Crossing the tiver bed at Bamban river
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Table A2.¢ Estimaled Loss of Production by Interruption of Economic Activities caused by Flood

{1) GROP of Pegion 3 in 1990 and Projection in 2010 (oy CLOP Study)

(Peso (076, at 1390 price)

199 2010 Groy_i_{%g_j_
Agricutture 21,458 54,700
Industry 36,910 214,300 9 19
Senvices 35780 192,100 5.7
Total 24,153 458,100 823
{2) Pet Capita GROP of Region 3 {Peso)
1830 2010 Growth{%pa} 1334{eslimaled)
Popiration Region 3 6,193,016 10,505,000 267 6,883,061
Per capiia GRDP(1990 price} 15,189 43624 542 13,760
Pes capia GRDP{1934 price) 2870

{3} Per Capita GROP of non-apricultural sector in Region 3 (Peso)
 (Peso 1048, a1 1990 price)

. 1930 2010 Growth(%p.a ) 1936
GRDP:  industry ) 35910 214,300 9.19
Services 35780 182,100 877
Total 12,690 406,400 899
" Utban Poputation in Region 3 3733197 BO34000 391
Per capita GRDP of nas{Peso1 830 pi 13468 50585 489
Ditlo (Peso 1994 price} 21719 72023 489 36913
{4) Rural Population Growthrate (% pa ) : .
(Pampan_ga + Tartac) 1055923 1036000 0.19

{5) Loss of GRDP caused by the inlerauption of Economic Activities
: "= Number of alfecled Poputation * Per Capfla GROP of Non-agricultural Seclor

Abacan: =28 810 presans * BO% (Urbanization Ratio) * P 36,310 (Per cabﬂa GADP of non- agrscuﬂural seclor
in 1935 )" 1043635 =P 17.54 million
Sacobla/ Bamban 24,581 " 60% * P 26,910 104365 = P 14.91 millon ) ' @ B

Assumed Growih Rate : 4.89% pa. = Growth Rate of GROP of NAS for 1990-2010 {CLOP)

(6) GDP Defialor{iF S data)

1983 1530 1831 - A9 1393 19%4{est }
GDP 9254 10731 ooi2dad 1351.6 1466.3
GDP 1930price 1045.3 1073.1 - 10677 10744 1095.6
GDP Deliator 83.53 100.00 116.55 12580 13384 142.38



Tabla A2.10 Average Annual Cost for Evacuation and Building Clean-up In Abacan River

Q) ®) © ] (€} ® 1)
Avetage Annual Average Annual
Probability of Evacy. & Building Clean-up Cos's Cost

Return  Exceedance for Eventswithin  up to Indicated Return Period Average Cost  upto Indicated
Period ~Return Period  Intervals {Evacu.Cost)  [Clean-up) _ Average Cost  within blervals  Reluen Period
(Pesos 1076)  {Pesos 10°6)  (Pesos 1006} (Pesos 10°6)  (Pesos 1009)
? 05 502 2.09 G0
03 10.86 325 -
5 02 1031 430 - 326
0.1 18.55 185
0 01 1588 662 544
065 26.86 134
20 005 2204 9.18 6.46
003 36.65 110
50 002 2970 1237 156
Q.01 47.72 0.48
100 0.04 3767 1563 8.03

" Table A2.11 Average Annuat Costfor Evacuation and Building Clean-up In Sacobia/Bamban Rivers

A B) {©) D) {€) (F) G)
" Averags Annual Average Annual
Probability of L Evacy. & Building Cican-up Cosis ' Cost
Return Exceedance for Events within  up o Indicaléd Return Perod Average Cost ~ vptoindicaled
‘Period - Relurn Penod  Intenvals {Evacu. Cosl)  (Ciean-up) Average Cost_ within Intervals - Return Pesied
. {Pesos 10°6)  (Pesos 10°6)  (Pesos 10°6)  (Pesos 10%6)  (Pesos 1076)
2 05 2m 0.84 000
% . 03 o : - 433 1.30
3 5 02 4.1 1.7 ' 1.30
. 04 _ - 141 0.74
i0 i . 6.35 265 _ 204
: 005 T ‘ - 1068 053
20 - 005 872 363 . 257
' 003 - 1465 042 o
50 0.02 ' : 11.42 463 ' S 3m
o - 001 _ 1774 0.18
100 001~ 13.93 : 5.80 - 3147




Table A2.12 Project Cost of Fleod F Mudfiow Control Works for Sacobia/Bamban Rivers

{1) Allernative 1

Unit : Pesos mddiion

£

Financial Cost Eccoomic Cost
Work liems FC Pertion LG PorBon  Telal  F.C Pedich LG Podion  Tetzl
1) Main Constasction Cost £00.64 401.30  1001.94 £00.64 276.0% &16.74
2) Compensation Cost 0.00 9.00 9.00 000 369 369
-3) Physieal Contingency
&nd Qthei Costs 150.16 100.32 25049 150.16 69.02 21318
4) Tolal 75081 510.62 1261.43 7150.81 34880 1099.64
{2} Alternative 2 Unit : Pesos million
Firancial Cast Ecenormic Cost
Work ltems F.C Portion L.C.Poon  Tolal  F.C Porion L.C Podion  Total
1) Main Construction Cast 1020.00 668.94 1758.94 103002 460.23 1550.23
2) Compensalion Cost 0.00 200 900 0.00 369 369
3) Physical Contingency _
&nd Other Cosls 272.50 167.23 439.73 272.50 115.06 3875
4} Tolal 1362.50 845.17 2201.87 1382.50 578.98 1941.48
{3) Alernative 3 Unit ; Pesos million
Financial Cost Economic Cosl
Work ltems F.C.Poticn L.C Porign  Total  F.C. Porion LC. Portion Total
1} Main Construction Gost 2064.51 1320.53 3385.04 2064.51 908.53 2973.03
© ' 2) Compersation Cost 0.00 900 - 9.00 0.00 369 369
3) Physical Contingency _
and Other Cosls 516.13 33013 84626 51613 - 22713 7432
4) Tolal ~2580.63 1659.67 424030 258063 1132.35 3719.98
{4) Alternative 4 ~ Unit: Pesos miflion
Financial Cost ' . Economic Cost
Work llems EC Portion LC Portion  Tefal  F.G.Pordien LG Porion _ Tolal
1) Mzin Corstruction Cost 16177 716.79 1878.55 1164.77 493.15 1654.92
2) Compensation Cos! 000 - 900 8.00 0.00 389 "369
3) Physical Conlingercy ) : o
srd Othet Costs 25044 179.20 46384 29044 12329 41373
4) Tolal 1452.22 904.99 235720 146222 62043 2072.35

Table A2.13  Project Cost of Flood f Mudflow Contro! Works for Abacan River

Unit; Pesos million

Finaneial Cost

. Economic Cos!
Workltlems  F.C.Potion LG Podon  Tolal  FG.Porion LG, Portion  Total
1) Main _Cons'mc!ion Cost 373,19 25165 630.84 37912 173.14 55233
3) Physical Contengency _ .
. and Other Costs 29480 6291 15111 9480 54.40 148.99
3) Tolal 47399 3458 788,55 47392 227.24 701.23
Wole for Financial Cos! - Note for Economic Cost

1} AE1994 end price level,

2) Physica! contingency and oiher cosls = (1) 25%

which covers the physical coniingency, adminislration

and engineering seqvices €osls.

1) Share of unsiilied labour was assumed al 50% of
Main Conslruction Cost.

- 2) Shadow Wage Rate of 60% was assumed,

3) Standard Coversion Factor ol 0.86 was assumed,

- 4) Land acquisition cosl was shadow-priced based on

production foregone value.

A%



Table A.2.14 Compensation Cost

1. Compensation Cost
1) Land Compensation Cosl
-20 ha, within the total area of 35 ha land, ol irigated paddy was assemed.
The remaining iand was assumed to be not ulifized lor production.
-From interim Report(1) :

# Yield {tonvha) 143

# Economic Price (P/ton) 15,300

# Production Cost {Pha) T 10,140

# Net Income (P/ha) 112,650
-Total Net Income - :35ha * 12,650 (P/ha) =442,750 Peso / Year
-Gepitalization "1442,75070.32 = P3,689,600 (Discount Rate of 12 % was assumed)
2) Relocation Cost

-20 Houses * @50,000 {Phouse) = P1,000,000



Table A2.15 Cost-Benefit Analysis of Sacobia/Bamban Alternative-1
Unit : Peso millicn

T T T T ReonomicCosl  Cost T Bemefa_ " Beneft

Mo _Year_ Copital O&M __ Total  FloodCatd _ Transpot _ Others  Totdl = 8-C
19057 97490 T 3496 35986 35986
2 1097 27400 8496 35986 -359.85
3 1908 27490 8496 35986 -359.86
4 1093 27450 8496 35286 -359.86
5 2000 8496 8496 30.09 1242 17.49 160.00 75.04
8 2001 3496 8496 140.80 1265 18.22 171.68 86.72
7 2002 8496 8496 15239 12,89 18.99 184.27 9931
8 2003 3498 8496 16493 13.44 19.80 197.87 11251
9 2004 3496  B496 17850 1339 2065 21254 12758
10 2005 438 438 193.19 1364 2153 22837 22399
i 2006 433 438 20909 1390 22.47 24546 24108
12 2007 438 438 22630 1417 2344 263.91 25952
13 2008 438 438 24462 14.44 2446 23382 279.44
14 2000 438 438 26508 14.71 7554 30533 30094
15 2010 4.38 4.38 28690 14.99 2666 32855 32447
15 2011 438 478 31051 000 27.84 33835 33397
17 2012 438 4.38 33606 000 29.08 514 36076
18 2013 438 438 36372 000 30238 39410 339.72
19 2014 438 4.38 30365 GO0 31.74 42540 - 42104
20 2015 . 438 4.38 42605 000 33.47 45022 45484
20 2016 438 4.33 461.12 600 3466 49578 43140
2% 2087 433 438 49907 000 '36.24 53530  530.92
23 2018 438 438 540.14 . GO0 3788 - 57802 57364
242019 438 4.33 58459, €00 3961 62420 61982
% 2020 © 428 438 632.71 0400 4142 67443 669.74
2% 2021 438 43 684.78 ¢00 4332 72840 7237
27 022 43 48 74414 © 000 4531 786.45 78206
8 w0 438 438 202.13 ¢.00 47.40 84953  845.15
2204 _ 1438 438 268.15 000 4950 94774 91335
205 438 438 - 93959 000 51.89 99148 98710
EiRR= 13.14%
NPV{12%)= 166

Note: :

-0 & M Cost was compuled at 0.5 % ol the Main Construction Cost. '

- Flood contro! beneft was assumed to grow a! the sarme rate as that of GRDP (8.23% p.a.) of the Region,
-Transporiation benefit was assumed to increase at the same growth as thal of Norh Luzon Express Way{l.9% pa).
Other benefit includes evacuation costs and building clean-up costs, and loss of pieduction caused by the
interruplion of economic aclivities .




Table A 2,16 Cosl-Benefit Analysis of Sacobla/Bamban Alernative-2
Unit : Peso million

.__ EconomicGost ~ Cost Beneld .. Beneft

No_Year Caphal OBM__ Tolal FioodCrd ~ Transpod _ _ “Ofhers _ _ _ Tol B-C
1771666 48537 496 6703 0.00 000 TTR0T T T T To0d T T EMES
2 1997 48537 8496 S0 000 ¢.00 0.00 000 57033
3 §993 48537 8495 57033 0.00 0.00 0.00 000 57033
4 1999 48537  B496 57033 0.00 0.00 0.00 000  -570.33
5 2000 B496 8496 13002 244 31 1749 39180 30663
6 200 8495  B49S 140.80 248.95 822 4797 32301
72002 8496  B4.96 15239 95368 1899 42506 34010
8 2003 8495 . B496 164.93 25850 19.80 44323 35897
9 2004 8496 8496 178,50 26341 2065 46256 37760
0 2005 235 .75 193.19 268.44 2153 48314 47530
1" 2006 .75 7.75 209.09 27351 247 50507 .. 497.32
12 2007 115 275 226.30 21871 2344 52845 52070
13 2008 .75 1.5 244,92 234.01 2446 55339 54564
14 2009 775 175 265.08 289.40 25.54 58002 57227
15 2010 7.75 .75 286.90 294,90 2666 60346  600.1
6 2011 1.75 775 3105% 0.00 2784 33335 33080
17 - 2012 7.75 7.75 336.06 0.00 2908 - 36544 357.39
18 2013 1.75 7.5 36372 0.00 3038 39410 38635
19 2014 LTS 7.75 39366 0.00 31.74 42540 41764
20 2015 7.75 .75 42605 © 000 3317 45022 45147
21 2016 7.75 1.75 48112 0.09 3466 49578 48803
22 2017 775 LI5 - - 49307 000 36.24 53530 52755
23 2018 7.75 .75 540.14 000 3788 57802 57027
24 2019 7.15 - 175 58459 000 3061 62420 61645
25 2020 7.75 .75 83274 000 41.42 67413 66638
26 2021 775 175 68478 0.00 4332 72810 72035
21 2022 715 1.5 741.44 0.00 4531 78545 77870
28 2023 715 7.75 802.13 0.00 47.40 84953  841.78
29 2024 7.75 1.15 86315 0.00 4959 W74 90999
0 2025 175 7.75 939,59 000 5169 09148 98373
NPV= 1474 474 1948 1253 994 127 2408 460

_ ' 54% 41% 5% {100}
EIRR= ' 14.55%
NPV(12%)= . 460
Nole ;.

-0 & M Costwas compied al 0.5 % ol the Main Conslruction Cost. .

" - Flood control beneft was assumed 1o grow 21 the same rale as that of GRDP {8.23% p.a) of the Region.
-Teansporiation benefit was assunied to increase at the same growih as that of Norh Luzon Express Way{1.8% p.a.).
-Other bensfit includes evacuation costs and building ciean-up edsts, and loss of production caused by the
inferruption of economic activities . )



Table A2.17 Cost-Benefit Analysis of Sacobia/Bamban Alternative-3
Unit : Peso milion

ST EemeGod T T T TR T T e )
No_Yewr " TCophal _O&M__ Yol _ TFiogdTad _ Transpon |~ e T Total __8-C
1 1996 93000 8496 101496 -1014.96
2 1997 93000 8496 101496 -1014.96
3 1998 930,00 8496 1014.95 -1014.96
4 1939 93000 8496 101496 _ _ -1014.96
5 2000 §4.96 84.56 13009 - 24431 17.49 39189 306.93
6 2001 8496 84.96 140.80 248.95 822 407,97 32301
7 2002 8496 8496 15233 25368 1899 425.06 34010
8 2003 : 8486  84.96 164.63 25850 19.80 44323 358.27
] 2004 8496 8496 17850 26341 2065 462 56 31760
10 2005 1487 - 1487 - 19319 268.41 2153 48314 - 46328
11 2006 14.87 14.87 20300 271351 2247 505,07 490.21
12 2007 14.87 14.87 22630 e 2344 528.45 51359
13 2008 14.87 14.87 244,92 28401 2445 553.39 53553
14 2008 1487 14.87 26508 289.40 2554 580.02 £65.16
15 2010 14.87 14.87 286.90 234.90 2666 €03.46 593.60
16 2011 14.87 1487 - 3105% 0.00 2784 338.35 32349
17 2012 14 87 14.87 33606 0.00 23.08 365.14 350.28
15 2013 C14.87 14.87 363.72 000 30.38 39415 379.24
19 2044 1487 1487 39366 0.00 374 425.40 41053
20 2015 14.87 14.87 426.05 000 33147 45922 444 36
A 2016 1487 1487 46112 0.00 3466 495.78 480.92
22 2017 1487 14.87 499,07 - 000 3624 53530 520.44
23 W8 - 1487 14.87 - 54014 0.00 3788 578.02 563.16
24 2018 487 14.67 584.59 0.00 3961 62420 602.34
e A0 1487 1487 63271 0.00 4142 674.13 659.26
26 202 14.87 1487 - 68478 000 4332 723.40 71323
2y 0z 14.87 1487 741,44 000 - 453 . 146.45 77158
28 2023 © 1487 14,87 80213 0.00 41.40 849.53 83467
29 2024 14.87 14.87 868,15 S 0,00 4959 917.74 902 87
30 2025 1487. 1487 93359 0.00 51.8% 9%1.48 97562
" ERR= 869%
NPV(i2%)= 909

Note : :

-0 & M Cost was oompuled al 0.5 % ol the Main Construction Cost.

- Fiood contrcd benelil was assumed 1o grow al the same rate as that of GRDP (8.23% p.a. } of the Region. :
“Transporation benefit was assumed 10 incréase at the same giowth as that of North Luzon Express Way(1.8% p.a).
Other benelil includes evacuation costs and building clean-up costs, and loss of produclm caused by the
interruption ol economic aclivilies .



Table A2.48 Cost-Benefit Analysis of SacoblaBamban Allernative-4
Unit : Peso eillion

... Economic Cost~ Cost Benelt . Benelt

No Year Cophal OB&M __Tol FloodCald _ Transpod __ Ofbers ~__ Totdl __8-C
e R T Y - S k)
2 1997 51809 8504 60313 ' 603.13
3 1098 51803 8504 60313 60313
4 163% 51809 5650 57459 57459
5 2000 5650 5580 30,09 24431 17.49 39189 335.39
6 2001 5650 5650 . 14080 24895 18322 407.97 351.47
7 2002 5650 5650 15239 25363 1859 42506 36856
8 2003 5650 5650 164,93 258 50 19.80 44323 386.73
9 204 5650  56.50 178.50 26341 20,65 46256 40606
10 2005 827 827 193.19 26841 2153 483.14 47487
2006 827 827 20909 27351 2247 505.07 49680
2 2007 8.27 8.27 226.30 27871 2344 528.45 520,18
19 2008 8.27 827 24492 284 01 2446 553.39 545.12
14 2009 827 8.27 265.08 289.40 2554 580.02 57175
15 2010 B.27 8.27 285.90 29490 2666 608.46 600.19
6 2014 8.21 827 35051 0.00 2784 33835 32008
17 2012 8.27 8.27 335,06 0.00 2908 365.14 356.87
18 2013 827 8.27 36372 0.00 3033 29410 38583
13 2014 8.27 8.27 20366 000 31.74 425.40 417,12
20 2015 827 8.27 426,05 000 3817 45992 45095
-2t 2006 : 8.27 8.27 461.12 000 365 495.78 487 51
22 2017 " 827 827 49907 o0 36.24 53530 52703
23 2018 .88t 827 54014 000 37.68 . 57802 569.75
24 2018 a2y 827 58459 0.00 39.61 62420 615.03
25 2020 - g.o7 8.27 63271 0.00 4142 674.13 665 .65
26 2021 827 8.27 68478 0.00 © 4332 728.10 71982
27 2022 827 - 821 74114 00 4531 786.45 718.17
o8 2023 827 827 802143 000 A7 40 84953 841.26
29 2024 827 8.7 " 868.15 0.00 4959 917.74 909.46
a0 2025 827 827 63959 -~ 000 51.89 991.48 98321
EIRR= 1439%

NPV{12%)= 443
Note : : '
-0 & M Cost was computed a1 0.5 % of the Main Construction Cas!. : ;
- Flood controt benefit was assumed to grow &l the same raie as that of GRDP (8.23% p.a} of the Region.
-Transporiation bene!it was assumed to increase at the same growth 23 that of North Luzon Express Way(l Shpa)
Diher benefit inclodes evacuation cosls and budding clean-up cosls, and Soss of production caused by the

intereuption of econornic activilies .



Tabie A 2.19 Cost-Benefit Analysls of Abacan Scheme

S 17 S ettt S . A
No_Year 'Tiptal O&M__Toal _ FoodCild " Transpod J 7 "Chers | _ Toll___B-C
17100 17531 T 2830 T XBed 308
2 197 17531 283 20363 20663
31998 17531 B2 2363 20363
4 199 17531 283 X863 | 20363
5 2000 276 276 23008 000 200 25403 25127
6 2001 276 276 24896 000 2487 2383 27107
7 200 276 276 26045 000 2578 20523 28247
8 200 276 276 29163 000 2674 313 3560
g 2004 276 216 31563 000 2174 38331 34061
10 2005 276 206 34161 000 2879 37040 36763
#2006 296 216 972 000 2989 3W6l 29685
2 2007 276 276 40015 000 3105 43019 42843
13 2008 296 276 43308 000 322 4653 46257
200 276 276 46872 000 A58 60225 499.49
15 2010 276 218 50730 000 386 6215 53939
16 2011 276 276 54905 000 3625 58530 58254
17 2002 296 276 59423 000 a7 63185 629.9
1B 2013 276 276 6431 000 392 68239 61963
19 2014 275 216 6%07 000 4086 7393 747
20 2015 276 216 7533 000 4254 79590 79314
20 2016 276 206 8153 000 4431 85967 85608
2 20m 276 276 88246 000 4616 9263 9587
23 2018 276 276 95509 000 4811 100920 100044
21 2019 206 276 103369 000 5015 108384 108103
2% 2020 S 216 1187 000 5228 117105 116829
% 2001 276 276 121084 000 5452 126537 126260
27 2022 276 276 131049 . 0G0 5687 - 36137 136461
2% 2 276 276 141835 000 5934 . 147763 147492
29 2024 276 216 153508 000 6io2  isore0  dsw2 o - . £8
0 2025 276 206 166141 000 6463 172605 172329 :
FIRR- 2BAT%
NPV(12%}: 1614

. Nole: :
-0 & M Costwas computed at 0.5 % of the Main Construction Cost. _
- Flood control benefit was assumed to grow al the same rate as that of GRDP (8.23% p.a.) of the Region. -
.-Transporiation benelit was assumed to increase at the same growth as that of Norh Luzon Express Way(1.9% pa)).
-Other benelit includes evacuation costs and bulkeing clean-up costs, and Joss of production caused by the
interruption of economic activities . ' :



12009
feot2
12021
12022

22010
22011
22815
22316
22317

Table A.2.20 Affected Area for Flood of 20-year Return Perlod

Aftected Area {sq.m) | Alfected Household Affected Cultivable
1994 Land {sq.m)

Abacan River Basin _
ANGELES CITY 1,850,000 1,021 0
ARAYAT 50,000 3 34,278
MEXICO 17,390,000 8,276 7,005,648
SANTA ANA 9,920,000 1,018 8,358,761
Sub Total 29,210,000 5318 15,398,687

Bamban River Basin

MABALACAT 2,010,000 a 33,348
MAGALANG 4,610,000 69 3,806,651
CAPAS 0 0 0
CONCEPCION 48,280,000 3,874 - 24,005,071
BAMBAN 3,260,000 580 146,536
SubTotal 58,160,000 4,554 28,071,606
Total 87,370,000 9,872 43,470,293
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B.1 EXTENT OF DAMAGE

This scetion provides information on the extent of flood and mudflow damage alter the
M. Pinatubo eruplion, the estimated damage amount, and the method of damage
catculation.

Available reports on lahar events from 1991 to 1993 have been collected from
PHIVOLCS, a damage summary in Region wide from 1991 to 1992 has been prepared
by the Presidential Task Foree Mt. Pinatubo, available damage value in 241 barangays in
the study arca from 1991 o 1993 were obtained from 1 city and 8 municipalitics.
Figure 1-1 shows the barangay list, location and area of lahar deposits from 1991 to
1994.

Lahar in the 1994 affected areas described in the following subscction. Since the data are
not completely available, the other damage values and amount are summed up for 3 years
from 1991 to 1993.

Despite the fact that the actual affected arcas belong to different administrative boundarics,
the damage per city/municipality in the study area is distributed between the two river
systems to compare With the statistics and to cvaluate past damage. The municipalitics of
Bamban, Capas and Concepeion in Tarlac Province, and Mabalacat and Magalang in
Pampanga Province are in the Sacobia-Bamban river basin, while Angeles City and the
- muntcipalities of Arayat, Mexico and Santa Ana in Pampanga Province are in the Abacan
river basin (Figure 1-1). : : : '

Some damage data reported by barangays were not direct danrage by lahar or flood from
the two rivers, but include damage by silted creeks due to ashfall. :

1.1 AFFECTED AREA

The cruption of Mt. Pinatubo on June 15, 1991 produced a remarkable volume of
pyroclastic flow deposit thal covered thousands of square kilometers and causcd massive
damage in Central Luzon. Pyroclastic-flow deposit was estimated at about 7 km3 on the
slopes of M. Pinatubo. Arcas within the 10-40 km radius danger zonc of the volcano
bore the brunt of heavy ashfall blown ali over the archipelago. Pyroclastic llow deposit,
fahar deposit as of 1991 and isopack line of ashfall are as shown in Figure 1-2.

The lahar deposit arcas in the Sacobia-Bamban and Abacan river systems for the period
from 1991 to 1994 are as shown in Figures 1-3 and 1-4. The table below shows the
lahar covered areas in 1991 - 1994, where those of 1992 - 1994 show additionally
covered areas for comparison with the previous year. The additional fahar deposit arca in
1993 and 1994 in the Sacobia-Bamban river system was measured by the JICA Study
Team from the map of lahar deposit area prepared by PHIVOLCS and the site survey
- conducted on November 1994, The actual affected area is not known because it is
- difficult to distinguish the additional lahar deposil area by using Landsal images or
acrophotographs if the area has been once covered by lahar. The lahar deposit area is
estimated at 11,693 ha for the Sacobia-Bamban river sysiem and 2,930 ha for the
Abacan river system in 1994, Of the additional 1994 lahar deposit area, 86% are paddy
ficlds and the remaining 14% are grassland. On the other hand, the lahar deposit area in
Region wide in 1991-1992 was 35,940 ha and the total of 29% in Sacobia-Bamban river
system and the total of 8% in Abacan river system.



Iahar Deposit Area

. {Unit: ha)

River System covercd  addiional  additonal  additional Total
by 1991 1992 1993 199

Sacobia-Bawban 8,125 2,183 1,267 118 11,693
_Abacan 2,930 0 0 0 2,930
Study ArcaSub-Totdd 11,055 2,183 1,267 118 14,623
Bucao-Balin 5375 ¢ - - 5375
Maloma 1,825 ¢ - - 1,828
O'Donncll-Bangot 3347 0 - - 3,347
Pasig-Poirero 3,869 503 - - 4372
Porac-Gumain 3,141 0 - - 3,141
Sto. Tomas 4,643 0 - - 4,643
Regional Total 33,255 2,086 - - 37326

1.2 LAHAR LEVENTS

Based on PHIVOLCS’ reporis, lahar events in the study area since 1991 had occurred as
below:

(1) In 1991 (Ref. 1)

On the Sacobia-Bamban river, lahar flow began occurring in Junc 14, and some
barangays in Conception were hit on the same day. Damming of the Marimla river and
other tributary valleys by dggrading the Sacobia river channel has led to intermitient
formation of lakes, one of which was bicached and added to the fahar thal destroyed the
Route 3 Bamban river bridge in August 21. Flood protection dikes along the Bamban
- river were first breached by lateral erosion or overtopping of lahar in June 15, and
sediment continued to be widely dispersed on both sides of the channel until carly
September. Deposits are estimated to average 2.0 m thick over much of the lower fan,
and the average rate of lahar occurreace per day (late June to mid-September), was 0.83
and 3 to 5 events per day were common during the rainiest penod. '

On the Abacan river, the first major lahar flow occurred in June 15. Lahar events after
the 1991 monsoon scason, more than 40 in all, destroyed or damaged all of the bridges
across the Abacan river upstream of Mexico and caused bank collapse that destroyed
_ hundreds of buildings in Angeles City. ‘ : :

"The volume of lahar deposit on the Sacobia-Bamban and Abacan river basins in 199] was
" estimated at about 160 miltion m3 (Ref 2). '

(2)  In 1992 (Ref 3)

Along the Sacobia-Bamban river, moderate lahar flow occurred at barangays of
Mabalacat, Bamban and Conception in Junc and July. Lahar ¢venls from August 28 to
30 buried the northern Bgy. Tabun of Mabalacat by 3-4 m, and parts of Bamban by
1-3 m, The stretch of Bamban river near the Route 3 Bamban river bridge was aggraded
by 4.5 m of lahar and the bridge floor was covered by 0.5 m of deposits. The town of
Bamban was also affected by looding from the Marimla siver which was dammed by

“fahar from the Sacobia river. On September 3 to 5, lahar [low along the Sacobia-Bamban
river destroyed the northeastern corner fence of Clark Air Base, and Bgy. Dolores was
inundated by 2-4 m.

‘The volume of lahar deposit on the Sacobia-Bamban river basin was estimated at about 70
miltionm3 in 1992 (Ref. 2).




3) In 1993

On the Sacobia-Bamban river, the major fahar event in 1993 has been reported as
follows. In October 4 to 5, by the passage of typhoon Kadiang at Bgy. Dolores,
scouring occurred during the carly partof the lahar flow in October 5 and portions of the
gabion malting of the Mabalacat dike were destroyed. Flows resulted in 2.0-2.5m in
channet deposition, and 2-3m thick deposition at Bgy. Sapang Balen (Ref. 5).

“'The volume of lahar deposit on Sacobia-Bamban river basins was estimated at aboul
45 million m3 in 1993 (Ref 5).

L3 AFFECTED POPULATION AND HOUSEHIOLDS

The total affected persons and familics in Region wide has reached 2.3 million and
0.48 million in 1993, respectively. The first year counts for both persons and familics
affected constitute more than half (529) of the total affected population aund familics.

In the study arca, bascd on the damage data per barangay, the affected persons and
families per municipality are summarized in Tables 1-1 and £-2. The annual total affected
persons and families by fahar and flood is the sum of the greater value of lahar or floed
damagg, as shown below. The total affected persons and familics by lahar and {lood in
the study arca has reached 187 thousand persons and 33 thousand families in 1993,
respectively. .

Affecied Persons and Pamilics by Lahar and Hood

Year Sacobia-Banban Abacan Region wide
_ ~_Persons IFamilies Persons Families Persons - Familics
1991 28,191 4,827 . 34,299 7273 1,180,132 - 249371
1992 30,155 5475 - 19,346 13357 803,972 - 164,400
1993 38,601 S 6,712 37,186 6,046 314,905 66,456
- Total 96,950 C 17,014 903,831 16,676 2,299,000 480,227

Source : MSWD, DSWD Region HI

The affected persons by ashfall in the study area arc assumed (o be about 294 thousand
persons corresponding lo about 40% (average of Angeles, Mabalacat and Mexico) of the
total population in the study arca in 1990, because data from sone municipalitics were not
available.

In the Sacobia-Bamban river system, the most affected by lahar were Bamban and
Concepeion in 1991, Bamban and Mabalacat in 1992, and Concepeion in 1993, On the
other hand, Magatang had increased damage by flood in 1992 and 1993.

In the Abacan river basin, damnage caused by lahar flow dircctly from Abacan river was
onlyin 1991. Almost all damage by lahar in 1992 and 1993 arc considered to be silted
crecks due to ashfall. In 1991, the most alfected by lahar was Angeles and Mexico. On
the other hand, Mexico, Santa Ana and Arayat had increased damage by flood in 1992
and 1993,

1.4 DAMAGE TO LIFE AND PROPERTY

Based on the disaster monitoring report in Region 11 and the damage data per barangay in
the study area, casualtics and damaged houses are summarized as follow.

(1) Casuallies

In Region 111, total casualty was reported as 1,182 persons by the end of 1993, and 97%
of this count were casualtics during the first year of the calamity. Of the total 934 deaths



in 1991, 31% were due to ashfall, 12% due to lahar, 2% duc to ftood and 55%
succumbed to vartous atlments mostly in the evacuation cenlers.

Casualtics in Region 111

Year Dead Injured  Missing Total
1991 (Ashfall and { ahar) 934 184 23 14
1992 (Ilood and Lahar) 18 7 1 26
1993 (1 ahar) 11 0 4 15
Tolal 963 191 28 1,182

Source: DSWD Region W and NDCC

In the study area, casualties have been reported in Angeles City, Mabalacat and Mexico as
summarized in the following table.

Casualtics in the Study Arca

Year - Dead Inpiecd Missing Total

1991 (Ashfall and | ahar) 21 26 -3 50
1992 (1ahar) 3 8 0 11
_1993 (1_ahar and Flood) 0 0 0 0
Total 24 34 3 61

Sowrce : MSWD

In 1991, death caused by lahar were 17 persons by the first major lahar flow in June 15
~ along lhc Abacan niver; 2 in Bgy. Amsic, 2 in Bgy. Pulong Maragul and 6 tn Bgy.
Sapang Bato in Angeles City, and 7 in Bgy. Culubasa in Mexico. The other death were
caused by ashfall.

In 1992, death caused by lahar flow on September 3 to S along the Sacobia- Bamb’m THIver
were 3 in Bgy. Dolnrcs in Mabalacat.

{2) . Damaged Houses

In Region I11, a total of 123,621 houses were damaged in the period from 1991 to 1993,

In 1992, a total of 3 ,072 partially damaged houses were due to flood, 1,428 (45%)

houses of totally damaged houses were due o ﬂood and the remaining 55% of totali y
an’ngcd houses were due 1o lahar.

Damaged Houses in Region H

. Year ' Totally Partially Total
1991 (Ashfall and Lahar) 41,970 70,257 112,236 (91%)
1992 (11ood and Lahar) 3,140 3072 6212 (5%)
1993 (1 ahar) 1,684 3,489 5073 (1%)
Fota ' 46,803 70,318 123,621 (100%)

Source: DSWD chtonill .

In the study area, based on the data per barangay, damaged houses are given in T ablc 1-3
and summarized below. Some of these data are riot certain because of coincidence of
alfected familics and damaged houses in Bamban and Santa Ana, which are considered to
be evacualed families. A total of 22,378 houses were damaged in the period from 1991
to 1993. During this period, as the damage by lahar decreased in the study area, damage
by Rlood increased, especially, in Santa Ana.




Damaged Houses by Lahar and Flood in the Study Arca

Year Sacobia-Bamban Abacan Tota)
Totally Paitially Totally Pattially
1991 4,518 2709 3213 2.849 13,400
1992 33872 1,186 107 1,180 06,345
1993 203 1,066 0 1,355 2,024
Totat 8,023 5,051 3,320 5384 22,378

Source : MSWD

Figure 1-S presents the totally damaged houscs by lahar in the study arca. In Sacobia-
Bamban river, totally damaged houses were 2,894 at both sides of the Bamban bridge
and 1,624 at the downstream of San Francisco bridge in 19913 3,469 al the expanded area
damaged in 1991 at Bamban bridge and 400 at the upstream of San Francisco Bridge in
1992; and 200 along Route 329 and Bgy. Sapang Baten. Submerged houses due to the
lahar-dammed lake of Sapang Cauayan river were counted at 162 houses on the JICA
map with a scate of 1:10,000. In Abacan river, totally damaged houses were 1,524 in
Bgy. Sapang Bato, 1,377 along the river in Angeles City, 210 at the downstream of
Capaya bridge and 92 around Route 329 in Mexico in §991, and 107 at the upstream of
Abacan bridge in Angeles ity in 1992

1.5 DAMAGE TO INFRASTRUCTURE

‘In Region wide, infrastructure damage summarized from Mt. Pinatubo Rehabilitation and

Reconstruction Program, and Mt. Pinatubo Rehabilitation Plan Program as shown in
Table 1-4. On the other hand, in the study area, infrastructure damage per barangay was

-~ collected from each city/municipal office, and summarized per municipality in Table 1-5.

In Sacobia-Bamban river, route 3 including bridges finking Mabalacat and Bamban were
destroyed and coverced with lahar deposits. Bamban bridge was destroycd by lahar in
1991. “San Francisco bridge and Route 329 is being threatened by lahar and flood.

In Abacan river, all the bridges across the Abacan river o strcam of Mexico were

“damaged. These inciuded 7 bridges and 2 spillways in ' Angeles City. Abacan national

bridge was destroyed by Iahar in 1991 and rebuill in 1992. Abacan spillway in Bgy.
Malabanias, Sapang Bato spillway and Pulung Maragul bridge were destroyed in 1991,

" The bridge which links Mexico to Arayat was clevated. Stream bank crosion of Abacan
* river in Angeles Cily destroyed residential houses and roads to Bgy. Sapang Bato along

the perimeter of Clark Air Base. The breaching of the dike at Kapaya 1, Mexico caused

" flooding and lahar depositton on the adjacent farmlands. Itooding occurs downstrean of

Abacan River in Mexico because Bungang Guinto Creek is heavily silted.
1.6  DAMAGE TO AGRICULTURAL 1.AND

In Region wide, based on the reports of DA 1, agricultural fand arca affccted by ashfall
reached some 96,227 ha in 1991, N _

On the other hand, in the study area, Agricultural land damaged per barangay was
collected from cach city/municipality, and summarized per municipality in Table 1-6.
According to the municipal agriculturists, almost all farmlands covercd once by lahar
became wasteland, and some farmers trying (o grow walermelon or sugarcanc al the
sediment cropland. As mentioned above, Arayat and some barangays in Mabalacat and
Magalang were not damagced by lahar directly from the two rivers. They scem to be silted
creeks due to ashfall, but they were counted as damage by lahar.

1n the Sacobia-Bamban river sysicm, a total of 10,639 ha were damaged by lahar from
1991 to 1993 aboul 1,623 ha in Bamban in 1991, about 6,596 ha in Concepcion from
1901 to 1993, about £,370 ha in Mabalacat from 1991 to 1993, about 1,013 ha in
Magalang from 1992 10 1993, and about 39 ha in Capas in 1991.



In the Abacan river system, a total of 2,593 ha were damaged by lahar and sediment from
1991 to 1993; about 95 ha in Angeles city in 1991, about 288 ha in Arayat from 1991 to
1993, about 1,816 ha in Mexico in 1991 and 1993, and about 394 ha in Sanla Anain
1991.

B.2 DAMAGE AMOUNT
2.1 DAMAGE AMOUNT IN REGION WIDE

‘This seclion summarizes the damage in 1991 and 1992 bascd on reports and information
gathered by the Presidential Task Force MU Pinatubo [rom government agencics or
departments concerned. As of the end of this study period in the Philippines, damage in
1993 has only been partially reported by some governntent offices concerned, hence,
final figures could not be incorporated in this repott.

Damage in the f{irst year duc to the cruption of Mi. Pinatubo was estimated at
10,570 million, in which damage to military facilities was cstimated at B3,842 million,
public infrastructure at 3,830 million, agriculture at P1,927 million, trade and industry
at P851 million and natural resources at 2120 million in order of magnitude (Rel. 6).
In the second year, the total damage has increased to atleast P11,700 million (Ref. 7).

(h Infrastructure

Damage to public infrastructure was estimated at £3,832 million as of 1991 (refer to
Table 6.4), and P453 million in 1992; thus, public ipfrastructure suffered {rom the

- heaviest damage with a total estimated damage of aronnd £4,280 million in the two-year
period of the disaster.

Damage to Pampanga, Tarlac and Angeles City in the eastern arcas was B736 nillion
(19.21%) as of 1991, i.c., 329 million (8.6%) and P632 million (16.51%},
respeciively. The worst destruction was on roads and bridges, and flood control and
drainage facilities. -

These costs of damage were estimated as repairing, rehabilitation and reconstruction/
development cost. '

1) Road and Bridges

About 489 km of major national roads and 163 ki of municipal roads in
Zambales, Pampanga, Bataan and Tarlac were covered with ash or sand, with
thickness ranging from 5 to 30 cm duning the fisst year calamity.

Immediately after the eruption, lahar flows collapsed six major bridges: the

Abacan, the Panda, the Mancatian, the Pabanlag-Pampanga, the Santa Fe and

the Umaya. Later, lahar flows caused the destruction of the Bamban bridge in

Tarlac and a portion of the Capaya bridge along the North Expressway in

Angeles City, and inundated two bridges along the Botolan-Capas Road in

Botolan, Zambales. Approaches 1o several bridges were also damaged. Allin
©all, 13 major bridges were damaged.

Damage to roads and bridges was estimated at 21,065 million in 1991 and
P309 miltion in 1992,

2} Railway Facilities

Damage to railway facilities was reported only in 1991. Spans of four railway
bridges were washed away by cascading lahar flows. Two were situated
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between Angeles and Dau, while the other two were located between Mabalacat
and Bamban. The estimated cost of damage was P70 million.

Airport Facilities

Two airports in 1ba and Castillcjos, both in Zambales, were affected by ashfall
in 1991 making them unsafe for aircraft operations. The estimated cost of
damage was 15 million.

Conununication Facilities

Damage (o telecommunication and postal communication f acilities was reported
also only in 1991 at R13.2 million. Damage came from 10 telegraph stations in
Zambalcs, 13 in Pampanga and 3 in Tarlac varying from collapse of buitding
structures to damage of tclecommunication, office equipment and telephone
lines.

Power and Electric Facilities

About 302 km of primary and secondary distiibution lines were affected, while a
total of 6,040 household consumers experienced service interruptions. A total
of 294 units of distribution transformers of assorted capacily were also
destroyed and 11,794 picces of kwh meters are apt for replacement. Damage to
power and electric facilitics was reported only for 1991 in the amount of
£255 million. :

Water Supply Facilities

Water district facilities and equipment in 19 arcas of the region were heavily

“affected. They include the citics of Angeles and Olongapo, six municipalities in

Zambales, seven in Pampanga, two in Bataan, and two in Tarlac. Total damage

- was reported in 1991 at 123 million.  ~ . o

Irrigation Facilitics

Five national irrigation systems covering sonc 24,839 ha were affected. In the
first ycar, some 176 communal irrigation systems were also damaged,
composed of 23,485 ha for a total of 48,324 ha and 25,476 affected farmers.
Damage included heavy sillation on irrigation facililics caused by deposition of
ash or sand, and the destruction of vegetation.  Damage cost was cstimaled at
P184 million in 1991. '

School and Other Public Buildings

A total of 659 clementary, 24 sccondary and 2 tertiary schools, consisting of

some 4,665 classrooms werce heavily affected in 1991 at an cstimated
rehabilitation cost of 2748 million. - Total damage in 1992 was reported at
23 million. .

- Health lacilities affected include 140 buildings, 21 hospital structurcs, 38 main

health centers, 74 barangay heatth stations and 7 other DOH building facililies at
an estimated cost of 270.7 million reported in 1991,

Other damaged building structures during the { irst year of the disaster include 20
public markets, 16 municipal buildings, 10 slaughterhouses and 46 other public
buildings with a total rehabilitation cost of £226.9 million.



{2)  Agiculture

Agricultural land area affected by ashfall reached some 96,000 ha in 1991, Valuc of
damage to crops, livestock and fisherics was estimated at about 1,474 million in 1991
and 2778 million in 1992 (refer to Table 2-2).

In the first year of the calamily, the total area of ricelands covered with ash or sand was
67,784 ha, approximately 21,585 ha of which were adversely affected with an eslimated
standing value loss in terms of crops of P90.27 imillion. Total number of farmers
affected in these arcas was 45,982, Lahar affecled ricelands in Pampanga and Tarlac was
about 8,969 ha with the estimated value loss of P&9.68 million.

Bascd on the DA Region I ceport of Sceptember 30, 1991, lahar flow affected 23,063 ha
of agricultural land. 1t should be noted that damage to about 5,467 ha of these affected
arcas was by ashfall. About 20,421 ha of the lahar alfected areas were planted to rice and
about 2,632 were fishponds. The cost of lahar affccted agricultural fand area was
estimated at R453.174 million.

These damage costs are estimated as the product of the total area damaged and expected
yield per heetare. Expected yield is estimated by referring (o pre-calamity yield. Post-
catamity yicld is derived by referring pre-calamity yield subjecting the damaged crops to
recovery chances/percentages. the value of crops with negative chances are derived by
multiplying them with the prevailing market prices of the crops.

3) Trade and Industry

I the trade and industry scctor, the most heavily damaged was the manufacturing
subsector and conscquently the exporting subscctor. - A folal of 599 firms were affccted
and the total of P850.6 million of asscts was lost in 1991.

Forgone production losses were reported to be about 45% of the potential sales for 1991
or- 4537 million, while destroycd capital 'investments of the 306 affected lirms
surveyed stood at a total of P424.74 million. The hardest hit among the manufacturing
‘sectors was the furniture industry with a total cstimated damage of P156.5 million and
108 firmis affected, followed by the processed food sector with R97.0 million (18 firms),
pifts, toys and houscwares (GTH), P60.34 million (92 firms). : :

For the second year of the calamity, the manufacturing subscctor continued to account for
the largest damage with the monthly forgone income on sales estimated at B1,524 million
per month, followed by the wholesale and retail subsector with P846 million estimated
. losses. The remaining forgone income accounted by financing institutions and real estate
or business services was cstitnated at about P636,325, Transportation, storage and
- commurnicalion accounted for R64,938, and construction, B52,689.

{4y - Natural Resources |

Some 18,000 ha of forest land were buried in ashfall of about 25 cin thick. The heavy
concentration of ashfall was in the mountain ranges of Botolan and San Marcelino in
Zambales, Porac and Floridablanca in Pampanga, and Bamban in Tarlac. -

Reforestation activities have been seriously setback in the Zambales mountain range. -
Approximately 12,965 ha of newly established plantations were destroyed by the ashfall
and some P120 million worth or 5,115,324 scedlings were lost as national forest covers,
and old plantation damage extends to around 43,801 ha. '




(5 Military Facilitics

Damage to military facilitics was reported only for the first year in the amount of
B3 842 million.

2.2 ESTIMATION PROCEDURE OF FI.OOD AND MUDIFLOW DAMAGE

This section describes the procedure and method of estimation of Flood and Mudilow
{FM) damage.

The purpose of damage estimation is not only to calculate damage potential in monetary
term under the with- and without- FM control works under the present condition vis-a-vis
the future, but atso (o discuss the potential hazard arca by combining the results of
numerical lahar simulation with socio-cconomic data under the condition with or without
the sabo structures to be proposed in the master plan.

FM damages will be calculated with the Geographic Information System (GIS) by: basin
and administrative unit under present and future conditions. 'The GIS databasc is
composed of several input files including soctal capilal data, digitized topographical nwap,
land usc, population, results of simulation which will be calculated by humerical
mudflow simulation model, unit value of each item, and damage rates required. A partial
flow of estimation procedure of FM damages is presented in Figure 2-1..

2.2.1 Classification of Damage by Flood and Mudfiow

Generally, damages due to flooding and sediment are classified into three types, direct

- damage, indirect damage, and intangible damage.

Dircet damage consists of losses of social capital such as existing public and private
buildings, agricultural products, and infrastructure assets. Indircct damage is expenses of
cmergency activities and loss due to suspension of business activity. On the other hand,
intangible damage is loss of life, psychological stress of people concemed and so forth,
which is not quantifiable. Thus, this study analyzes direct damage and indirect damage.
The conslitution of damage losses is illustrated in Figure 2-2. . :

‘Taking the situation of the study area into consideration, the FM damage will be estimated
under the following items: :

{ DircctDamage

1) Damage to busldings is divided into three types; (i) residential building including
houschold effects, (ii) non-residential or public buildings including inventory
* stocks, and (it1) commercial building including contents,

2)  Agriculture in the study arca specializes on rice, sugarcane, corn, and other
upland crops. The agricultural damage will be estimated for the following ilems;
irfigated and rainfed paddy, sugarcane, corn, and other crops (root and tree
crops, vegetables).

3} From the social standpoint, damage to infrastructure consisls of damage to
physical infrastructure and social infrastructure. Physical infrastructure includes
various cxisling struclures such as roads and bridges, flood control structures,
irrigation facility, and water and telccommunication ulilitics.  Sociat
infrastructures such as schools and hospitals are not included in this i#tem but are
inctuded under the struciures mentioned above.
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) Indirect Damage

Indircct damage includes expenses for emergency aclivities such as evacuation and
emergency clean-up cost, and loss due to suspension of business activity such as loss of
productivity and extra cost duc to transportation disruption, and desiltation cost for
disposal of sediment il sediment event oceuss.

2.2.2 Methodotogy of Damage Calculation

Direct damage is calculated in the conceptof [Direct Damage] = (Unit Value] x [Quantity]
“x [Damage Ratelin cach mesh.

The catculation method of indirect damage will be studied in detait in the next stage of this
- study.

(n Unit Vatue

Tabie 2-3 shows the basic form of estimation and unit value of damageable properiy. The
unil value shown in table is reviewed in detail by cach item in the next stage of this study.

Economic value of all propertics which wilt be vulnerable to FM damages is eslimated as
damageable value as mentioned below.

1)  Building

The damageable value of building is the product of the construction cost of new
structure, [loor area, distribution ratio, and average deprecialion ratio.

2)  Agriculivre

The degree of damiage on crops varies (rom month to month, depending on the
- cropping pattern. ‘Therefore, the annual average damageable value of crops per

hectare will be applicd, and this is estimated as an aggregate of the expected net

income and accumulated expenditure for the production spent until the time when

FM event takes place, where the event frequency and cultivated area in each
- month have to be taken into accountt, as shown in Table 6.7 .

3) Infrastiucture

The damageable vatue of infrastructure is obtained in the same concept as those
of the structure. ' :

(2) Quantily

A GIS overlay anziiysis is conducted to determine the number of each item by cach mesh
block in the study arca. The quantity for cach item will be given in the next stage of the
study. -

(3) D&mage Rate

The damage rates for cach item vulnerable to flood or sediment damage is determined in
accordance wilh the inundation or sedimentation depth, on the basis of intervicw at the
site, damage records in the past, and the technical standards for river and sabo works of
the Ministry of Construction of Japan. Figurc 6.6 shows the damage rates for direct
damage by inundation or sedimentation level.
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If the simulation result of mudftow modet indicates both inundation depth and sediment
deposition depth, damages for both events arc calculated and compared, then, the annual
damage is determined by the greater of the two.

2.3 Damage Amount in the Study Area

Damage amount by lahar and flood are estimated from the damage data per barangay and
damage report per city/municipality. Damage amount by ashfall is not cstimated because
damaged propertics are not the same in all municipalitics, and damage degree and value
are not available.

Total direct and indirect damage amount by lahar and flood in the study arca arc estimated
at about 2426 million in 1991, about P495 million in 1992 and about B313 million in
1993, or about 21,233 million in total in Sacobia-Bamban river systein; about P364
million in 1991, about P92 millicn in 1992 and about 2100 miltion in 1993, or about
B556 million in total in Abacan siver system, the method of estimation and damage
amount by sector is described as follow.

¢} Direct Damage

Direct damage by lahar and flood are estimated for the following items: buildings,
agricultural crops and infrastructure. Daniaged public buildings such as school buildings,
health facilitics, L.TO building and other public buildings arc estimated for infrastructure.
Commercial and industrial buildings werc damaged by ashfall in Angeles City, forest
tands were also buried in ashfall in Bamban. :

- 1) - Damaged House

* The amount of damage to houses is estimated as totally destroyed houscs by
‘Jahar and flood. Unit value of house including househotd cffects is estimated
from the product of average construclion cost and average depreciation ratio.
Annual damage amount is estimated as the sum of the greater vajue of {ahar or

* flood damage in cach city/municipality. ' :

Table 2-5 shows the esli[ﬁatc_d house damage in the Study Area, and summarized
~ following table. The total estimated house damage by lahar and flood is about
" R676 million in the study area from 1991 to 1993 as given below.

Estimated ilouse Dantage by Labar and Food {thousand pesos)

River System 1991 1992 1993 Total
Sacobia-Bamban 257,59 219310 11,498 488,407
Abacan 181,984 6,060 0 . 18804
Total 439,583 225370 11,498 676451

©2) - Infrastructure Damage |

. Damage to infrasiructure is estimated for the following items: foads, bridges,

_ public buildings/structures, irrigation systems, flood control/drainage and other
facilitics. Unit value of cach item is estimated from the product of construction
cost obtained from DPWH and average depreciation ratio. Average damage rale
was assumed for lahar and flood according to the previous damage report.
Annual damage amount is cstimated as the sum of the greater value of lahar or
ftood damage by eachitem.

Table 2-6 shows the estimated infrastructure damage in the study area, and
summarized in the following table. Estimated infrastructure damage by lahar
and flood is about 315 million in the study arca from 1991 to 1993.



(2)

Bstiwsated Infrastructure Damage by Lahar and Iood (thousand pesos)

River System 1991 1992 1993 Total
Sacobia-Bamban 58,005 37,029 30,262 125,386
Abacan 138,461 25,606 25,509 189,579
Total 196,559 62,635 55,771 314,965

Agriculture Damage

Agricultural damage is estimated for the following crops: rice, sugarcane, root
crops, vegetable and corn. Unit value of cach damageable crop is applied to the
annual net income and annual gross income obtained from the DA and the other
JICA studies. Damage rate for rice by flood per municipality was obtained from
the DA. For other crops, the damage rate for rice and its related rate bascd on
the damage report by the DA are applicd. On the other hand, damage rate by
lahar applied 1.0 based on the damage report by the DA. Based on the damage
data obtained from each municipality, crop area damaged by lahar or {lood are
ol repetitive every year; thus, annual damage amount is estimated as the sum of
both lahar and flood damage. Crop damaged by lahar is estimated as net income
in the first year, and accumulated gross income the following year.

Table 2-7 shows the estimated agricultural damage in the study area, and
summarized ia the following table. The total cstimated agricultural darnage by
lahar and flood is about R700 million in the study area from 1991 to 1993,

- Hstimated Agdculture Bamage by Lahar and Hood (thousand pesos)

River System - 1991 1092 1993 Total
Sacobia-Bamban 88857 202,210 243,292 534,358
Abacan 33,535 58811 73,280 165,627
Total : 122,392 261,021 316,572 699,985

Indirect Damnage

Indircct damage due tolahar arid ookt in the study area is estimated as the extra cost due
to transportatton disruption, evacuation cost and emergency clean-up cost as meationed
. below. Table 2-8 shows the estimated indirect daniage.

)

Extra Cost duc to Transportation Discuption

Highway 3-Bamban bridge was destroyed by lahar in August 21, 1991, and it
has nol been reconstructed; thus, extra cost due to detour was estimated. Extra
cost is estimated by the additional distance, traffic and distribution on the two
bridges, vehicle operating costs, labor costs, and average speed.

Thealternative route required for detour is assunied to be Highway 329 instead
of Highway 3, and the additional distance is 3.8 km. The average daily traffic at
Highway 329-San Francisco bridge was applicd to the results of survey
conducted [or this study on August 1994, Average operaling costs for car and

Arnuck are P2.29/km and P4.30/km, respectively, and fabor cost is P11/hr, which

arc considered to be the appropriate unit costs by USAID. Average speed for

- vehicles is assumed at 40 km/hr, 1t is assumed that traffic on Highway-3 is 80

% of the total traffic if Bamban bridge is existing.
Using the above data, traffic disruplion cosls are estimated to be about R10

million in 1991 and about R27 million each in 1992 and 1993, or aboul R64
miliion in total {Table 2-2-9).
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Evacuation Cost

Evacuation cost depends on the number of houscholds, length of cvacuation and
unit evacuation cost. The houscholds of evacuee are applied to the number of
totally damaged houses. The evacuation period is assumed to be 10 weeks in the
lahar event and 1 week in the flood cvent. Weekly cost per houschold is
estimated at R216 bascd on the damage report.

Using the above data, cvacuation cost is estimated at about P10 million in 1991,
aboul B8 million in 1992 and about R0.4 million 1993, or about R19 million in
total in Sacobia-Bamban river system; and about P7 million in 1991 and about
PO.2 mitlion in 1992, or about P7 million in total in Abacan river system
(Table 2-2-9).

Emergency Cleah—Up Cost

Emergency clean-up cost is the required cost to clean flood damage or lahar
damage. Clean-up cost is estimated as the product of the expended period, the
unit cost and the number of building. The expended period is assumed to be 6
days for lahar event and 3 days for flood cvent. The unit cost is assumed to be
PI50 per day which is slightly above the minimum wage. The number of
buildings is applied to the number of partially damaged houses.

Using the above data, cvacuation costs arc estimated at about P1 million in 1991,
about 0.6 million in 1992 and about P0.5 million in 1993, or about P2 million
in total in Sacobia-Bamban river system; about B3 million in 1991, about 21
million in 1992 and B1 miilion in 1993, or about P6 million in total in Abacan
niver system (Table 2-2-9). :
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Table i-1 Affected Persons per Municipality in the Study Arca
River System Alfected Persons
City 7 Municipality 1991 1992 1993
{No. of Basangay) Ashiall §.ahar Hood Lahar Hood Lahar Tlood
Sacobia-Bamban River System
Bamban (15/15) 41,091 16,283 16,257 11,426 6,322 ) 4,451
Capas (8/19) 25,056 ] ] 0 0 4] 0
Concepeion (43/43) CONIA 10,483 0 5,202 0 23,275 S 3312
Mabalacat (28/28) 49,960 1,425 ) 11,320 0 325 325
Magalang {272T) 2,519 0 o - 2207 1,272 701 10,553
System Total 118,626 28,191 16,257 30,155 7,504 24,301 18,611
Annual Total wio Ashfal] T 28,191 30,155 38601 :
Abacan River System
Angeles City {33133) 67,387 17,820 10,185 722 0 0 0
Arayat {3030) 73.934 0 0 0 4213 0 17,508
Mexico {43/43) 47,259 -7.90m 10,001 104 7493 271 11,627
Santa Ana (14/14) 32,519 2,613 6478 2,478 6916 4,157 8,051
System Total 221,099 28,335 26,664 3301 18,624 4,428 37186
Annual Total wio Ashfal]l 34,299 19,346 37,186
Grand Total 62,490 49,501 75,7190
“Source : Damage Data per Barangay, MSWD _
Note:  The annual tota) without Ashfall is the sum of the greater value of Lahar or Flood
in city/municipality. o
Table 1-2 Affccted Familles per Municipality in the Study Avea
River System Affected Families .
City / Municipality 1991 ) 1592 1993
] (No. of Barangay) . Ashfall Lahar Flood . Lahar Flood Lahar Ilood
facobia-Bamban River System ) ' i
Bamban T{1515) 7.0 2,791 2,774 L9 1,076 0 879
Capas (8119 . 4317 -0 0 0 ) 0
Concepecion - (43143) NIAL 1748 ) 867 0 3877 552
" Mabatacat {2828) 6818 285 ) 2,280 0 105 65
Magalang 22727) 442 -0 0 387 223 123 o 1851
System Total 19,121 4,827 2,714 5475 1,299 4,105 3347
Annval Total wo Ashfall 4827 5475 6,712
Abacan River System
Angeles City (33133) 17,195 4411 2,539 155 0 o 0
Arayat (30730) . 12,003 0 0 17 0 2,851
Mexico ©(43443) © 7,950 - 1,396 1,822 - 24 1,285 46 1878
Santa Ana (L1419 5,250 544 1,040 514 1,140 &35 1317
System Totat 42,398 6,351 . 5,401 693 3,202 831 6,046
_Annual Total w/o Ashfall 17213 3357 6,016
- Grand Total 12,100 8832 12,758 -

Source : Damage Data per Barangay, MSWD

Note:
in cily’'municipatily,
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Table 1-3 Damaged Houses per Municlpality in the Study Avea

River System Damaged Houses
City [ Municipality L §991 1592 1993
Damage  Ashfall I.ahar Hood Lahar Tlood Lahar  Flood
Sacobia-Bamban River System
fiamban Totally 316 279 153 1,941 0 0 0
Partially 234 0 2621 o 1,076 0 879
Capas Totally 0 G 0 0 3 0
Partially 0 o 0 0 0 0
Concepeion Totally 0 1,624 0 400 0 135 0
Partially 0 124 L 0 0 0 0
Mabalacat  Totally 0 130 0 1,528 0 65 0
: : Pastially 0 M 0 110 0 0 0
Magalang Totally a 0 0 0 0 0 3
: Partially 0 0 0 0 0 0 187
System Total Totally ' 36 4,548 153 3,869 3 200 3
- Partially 234 178 2,621 31U " 1076 0 1,066
- Annnal Total w/o Ashfall ' 7347 : 5058 1,269
Abacan River System
Angeles City Totally 2,303 2911 1,137 107 0 ] .0
Partialty - 7016 1,498 1,402 40 0 0 o
Arayat Totally - - 8 0 0 0 0 00
Partially ' 43 0. 0 0 0 0 0
" Mexico Totally 0 © 302 | 0 0 0 t] 0
Partially - 142 311 17 : 0 0 a8 15
Santa Ana Totally 0 0 0 -0 0 0 0
' Partially . 5,250 544 1,040 514 1,140 835 1317
~ Systein Total Totally o231t 3213 1,137 1067 -0 0 4]
- Partially 12,451 2,353 2459 554 -1,140 873 1,332
Annmal Total w/o Ashfall | 6.062 1,287 1355
Grand Totad 13,409 6,345 2,624
Souree Damage Data per Barangay, MSWD
Note - ‘The annual total without Ashfall is the sum of the greatee value of Lahar or 11o00d

in city/municipality.
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Table 1-4 Summary of Infrastructure Damage, Region Il

ITEM

EENGTINQUANTITY

NATURLE O DAMAGE

Reads and Bridges
- National Roads
- Municipal Roads
- Major Bridges
" - Minor Bridges
Raifway Bridges
Airport Facilities

Comnwnication Pacitities

Power and Flectric Facilitics

Water Suppty Facilities

River Contro} Structures

. ODonnell - Tarlac - Parua

. Sacobia - Bamban - Tarlac
Abacan, Pamponga

Pasig - Potréro, Pampanga

Porac, Gumain, Pampanga

: Marella - Sto. Tomas, Zambales

. Maloma, Zambales

. Balin, Baquero - Bucao, Zambales

- Dike destroyed
Rivér Length affected

R N

Schools & other public buldings

Irrigation facifities silted
National Systems
Communal Systems

489 km
163 km
6
7

4
2

10 Telegraph, Zambates
3 Telegraph, Pampanga
3 Telegraph, Tartac

5 Postal in Zambales

1 Postal in Pampanga

302 kms of distnibution lines
6040 households

294 transformers

11,7949 clectric meters

Angeles

Olongapo :

6 municipalities, Zambales
7 municipalities, Pampanga
2 municipalitics, Bataan

2 municipatitics, Tarlac

41 .4km
39.7km

363 km

255km

250-26.1 km

100 - 254 km
311 km
286-282km

58 km
317km

659 elementary schools
24 secondary

2 tertiary

21 hospitals

38 Main health centers
74 Barangay centers

7 DO facilities

20 Public markets

16 Municipal Buildings
10 Staughterhouses

46 Misc. struclures

24.%39ha
23,485ha

covered withash 510 30 em thick ashfall
inundated by lahar/flood waters
collapsed by lahar

partially damaged

" wached away by lahar

partially damaged duc to ashfall
collapse of buildings,

" dammaged of tetecom and office

equipment and telephone lines

service interrupiions
destroyed

19 areas of Region were affected:

8 major river systems heavily silied:

most of these have been repaired and
consequently damaged'destroyed

mostly coltapsed of heavily damaged
due to ashfall ' .

Source .

M. Pinatubo Rehatititation and Reconstruction Frogram 2, 1992 - 1993, Main Repout, Sept. 1992
Mt. Pinatubo Rehabilitation Plan and Progran, DPWH, 15 Sept 1992
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Table 1-5 (1/3) Infrastructure Damage per Municipality in the Study Area

River System Infrastructure Damage i
City / Municipakity Unit 1991 1992 1993
Item Ashfall  Eahar  [lood lahar Hood  labar  Hood

Sacobia-Bamban River System

Bamban
National Roads km ©3.000 ] ] 0 0 0 0
Local Roads km 21078 0 0 5.000 o ¢ 0
National Bridges m 49 120 0 - 40 0 1] 0
Local Bridges m 152 ] -0 -5 0 0 0
School Buildings room 2 0 0 6 0 o . 0
Iealth Facilitics bidp. ¥2 0 0 | 0 & o
Onher Public Buildings!Structure bldg K} 0 L] 3 0 0 o}
Capas
Local Roads km 4700 0 1940 0 1.940 0 10
Local Bridges Com 0 0 10 0 10 0 10
Posta) Communication Facilitics bidg 1 0. i ] 1] 0 0
¥Flood ControliDrainage . km 2.400 0 1.300 0 1.400 0 1.400
Concepeion
_ National Roads km 0 C 0 o 1 2.000 1.000
Loval Roads km 0 - 23500 3,000 4.500 3.000 6.000 0
National Bridges m 0 300 O 300 o 350 0
Local Bridges m "0 120 0 20 0 60 10
Lavel) Systems uail 0 -0 0 6 0 5 0
National Irrigation Systems C hkm (1] 5.000 O 4.000 0 0 0
Communal frrigation Systems km -0 39.500 0 8.000 0 11.500 -0
13ood ControlDrzinage km 0 3.500 0 5.000 0 6620 10000
School Buildings : room 0 85 0 5 5 15 5
1Health Facalities bldg. 0 4 ] 0 0 1 0
- Other Public Buildings/Structure blde. ] 8 i p: 2 1 1
Mabalacat
National Roads km (1] LU 0 5400 0 0 0
Natioua] Bridges m o 0 - 25 o 0 0 ¢
Loca] Bridges . n 0 (L3 20 0 0 0 0
t1ood Control'Drainage km 4] 0 0 0 0.030 0 0
* School Buildipgs 100m 0 o 0 19 0 0 3
Other Public Builings'Strecture bldg I ¢ 1 0 o i 0
Magalang oo _
Local Roads . " km 0 G 0 0 0 ¢ 2506
Hood Control'Drainage.” : km ) 4] 0 \ 0 0 0 220
{contd.)
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Table 1-5 (2/3) Infrastructuvre Damage per Municipality in the Study Avea

River System

Tafrastructure Danage

B3B-19

City / Municipality Unit 1591 1992 1993
Ttem Ashfall  Iahar Itood Lahar  Tlowd Iahar  Hood
Sacobia-Bamban River System Sub-Total
National Reads ke 3.000 0 0 5400 1.000 2.000 1.000
Local Roads om 1257778 - 24900 4910 9.500 4910 6.000 4446
National Bridges m 45 420 25 34D 0 350 ]
Local Bridges . m 152 120 30 H 10 €0 T 50
Fostal Commuaication Facilities bldg. i 0 1 ¢ 0 0 0
Level 1 Systems unit a 0 0 6 0 5 0
National {ryigation Systems km 0 5.000 0 4.000 0 0 0
Commuaal lrrgation Systems km 0 39,500 4] 8.000 ¢ 11.500 0
Hood ControlrDrainage km 2.400 3.500 1.400 5.000 1.430 6.620 13.600
Schoof Buildings [O0M 3z 85 0 30 5 i 8
Iealth Facilities bidg. 12 4 0 1 ¢ 1 0
Other Public Buildings'Structure bldg. 40 8 2 5 2 2 i
Abatan River System
Angeles City
~ Naticaal Roads km 11.2680 4.000 4.000 0 5.000 0 4.000
Local Roads km 145.613 63003 30000 10,000 70.000 11.000 50,000
National Bridges m 451 180 0 0 ] 0 ¢
Local Bridges m 620 398 0 0 ¢ 0 ¢
Water District Facilitics uttit 9 0 0 0 o 0 -0
School Buildings 100 55 &6 20 o 0 0 0
Health Vacilities . bidg. 4 5 5 0 -0 0 4]
Othet Public Buildings/Suucture bldg. 16 13 8 o 0 0 0
Arayat
. 8chool Buildings To0m 347 V] 106G 0 [ E 0 153
Mexico o
National Roads km 14100 3.200 1.000 0 0.000 o 0
Local Roads km - 35000 11.200 10.600 2.400 3600 0 1.500
National Bridges m 00 - 0 150 0 0 0 0
Local Bridges m 220 100 100 0 80 0 80
NPC Facilities bz i 0 0 0 0 0 0
Efectric Cooperatives bldg. ] ¢ ] 0 -0 a 0
Water District Facilities uait 2 1) 0 0 0 0 0
Level ] Systems unit M 12 18 0 3 1] 7
Natiobal lerigation Systems " km 5.400 2.000 5.100 0 2,100 ] 2.100
Communal Terigation Systems km 25500 - 10000 7900 4] 7.900 0 11.900
Flood Control/Drainage km 33.100 14.000 26,700 6.400 18900 6.400G 18,900
School Buildings [oom 143 30 2% 0 0 0 0
Health Facilitics ) bldg. 7 1 1 0 0 ] 0
Other Public Buildings/Structure bidg. 21 2 0 0 1] 0 0
{contd.)



Table 1-5 (3/3) Infrastructure Damage per Municipality in the Study Area

River System Infrastruciure Damage
City ! Municipality Unit 1991 1992 1993
__Jtem Ashfall  lLahar  1lood Lahar Food Lahar  Hood

- Sanla Ana

[.ocal Reads km 0 L] 0.200 G Q200 0 0300
Local Bridges m o s 0 4] 0 0 Q
Flood Contiol' Drainage km 0 23.000 23,000 23.000 23.000 23.000 23.000

Abacan River System Sub-Total

National Roads km 25410 7200 5000 0 5.000 0 4.000
Local Roads km 1580613 102200 40800 12400 73800 11.000 57800
Natioral Bridges ) m 1,391 180 150 0 0 0 0
Local Bridges m 810 53 100 0 80 0 80.
RIC Facitities bidg. . 1 0 0 0 0 0 0
Flectric Cooperatives bldg. 1 0 0 0 0 0 0
Water Prstrict Facilities unit i 0 0 0 o 0 0
Levell Systems unit 34 12 18 0 3 0 7
Natiopal Irrigation Systems " km 5.4G0 3000 5.100 0 - 2100 0 2.100
Communal brigation Systenis kmn 25500 10.000 7.900 0 7.900 0 11.900
Flood Control Drainage km 100 37000 49700 29400 41900 29400 41.900
School Beildings 00T 55 55 - 20 0 9 0 [
Healhh Facilities bldg. 195 0 132 0 118 0 153
LTO Buildings bldg. 11 6 3 -0 0 1] 1]
Onher Public Buildings bldp. a7 B 8 ¢ 0 0 0
Grand Total
National Roads km 28440 7200 5000 5 6000 2 5000
Local Roads 133 306.391 134160 - 45740 21.90¢ 78.740 17.000 62246
Nationa) Bridges T om 1,410 &0 175 30 0 350 0
Local Bridges | m 992 658 130 K 90 60 130
Pestal Communication Facilities bidg. : 1 o0 1 g 0 o 0
NIC Facilities ' bidg. 1 0 0 0 0 0 o
Electric Cooperatives : bl 1 0 0 0 0 4] 4}
Water Disteict Facilitics unit i1 0 0 0 0 "0 o
Level [ Systems Uit 34 12 18 6 3 s 7
National Frigation Systems km 5 S 3 4 2 [H 2
Communal Irrigation Systénws km 26 50 B 8 8 12 12
Hood Controt:Drainage . km S 35500 40.500 51.100 34400 43330 36.020 55500
Schoot Buildiegs o0m 87 151 20 30 5 15 8
© Heahh P'acilities - bldg, 507 31 132 1 1i8 i 153
110 Burldings bldg. 15 ' 6 6 L] 0 0 0
Orther Public Buildings:Structure bldg. 40 g ] 5 2 2 1

Source : Damage Data per Barangay prepared by the Municipal Engincer; and
daniage Report prepared by Angeles City Planning Office



Table 1-6 (3/2) Crop Area Damaged per Municipality in the Study Area

{Unil : ha)
River Syster Damaged Crop Atea o
City / Municipality 1901 1992 1593 B
Crop Ashfall Lahar Hood Lahar Hood Lahai Vlood
Sacobla-Bamban River System o
Bamban Rice 232650 1,145.00 21500 0 165.00 0 165.00
Suparcane 14100 43500 70.00 o 10.00 0 10.00
Root Crops 120.00 500 0 0 0 0 0
Vegetable 55.00 33.00 15.00 0 0 0 0
Corn 3000 500 5.00 0 0 0 (¢
CropsSub-Total 397650  1.623.00 305.00 017500 0 1750
Capas Rice 1,162.00 3800 0 0 0 -0 0
Sugarcane 33200 O 0 0] 0 ¢ 0
Root Crops 6.00 ] 0 0 ] 0 Q
Vegetable 0 0 t] 0 0 0 0
Corm ] 0 0 4] ¢ 0 0
Crops Sub-Totat  1,507.00 3800 0 0 0 0 0
Concepeion  Rice ©N/A. 488635 0 122475 1,949.25 7500 0
Sugarcane NIA. 100.00 0 50.00 0 3000 0
Root Crops. N/A. 30.00 0 0 0 0 0
Vepetable NiA. 1300 0 1800 . . 0 7.00 Q
Comn : NIA 1500 0 15000 - -0 0 G
Crops Sub-Total 0 504935 -0 143175 194925 11200 0
Mabalacat  Rice . - NiA 100.00 0 293.00 0 108.00 0
Sugarcane - NIA 146.00 0 56700 o 155.50 0
Root Crops O ONIA -0 0 0 ] 0 0
& : Vegetable NIA. © 0 0 0 0 0 0
%’ Corm NIA. [¢] o - 0 0 .0 O
Crops Sub-Telal N/A. 24600 1) 85000 0 263.50 0
Magatang  Rice © 36910 0 0 42504 58285 23278 310717
* Sugarcane 0 ()} 0 162.40 0 17301 0
Roct Crops 0 0 0 150 0 ¢ 0
Vegetable o 0 0 025 0 850 11.50
Corn ) 0 0 0 -0 0 0 ] 4]
© CropsSubTotal 369,10 0 0 CSU8I9 58285 41435 311867
System Total Rice S 386360 616935 21500 1.942.79 2.697.10 41378 327247
- Sugarcane 1.773.00 681.00 000 786.40 16.00 358.57 10.00
Root Crops 126.00 3500 0 350 ©0 0 0
Vegelable 59.00 51.00 1500 1025 -0 15.50 11.50
" Corn 3000 2000 500 15000 - 0 0 )]
Crops Sub-Tolal 585260  6,956.35 30500 269294 270010 78985 32M3.67
Accuomulated Crops Area Damaged 6.956 9849 _ 10,639

by Lahar
Source : Damage Dala per Barangay MA
Crops exclude rice in Concepeion ‘applicd to Municipal damage data prepared by DA Tartac.
Note: °  Cropatca covered by Eahar in the previous year are not included inthe next year,




Table 1.6 (¥#2) Crop Area Damaged per Municipality in the S{udy Area

{Unit: ha)
River Systen Demaged Crop Area
City / Municipality 1991 1992 1993
Crop Ashfall Lahar tood 1abas Flood Lahar Hood
Abacan River Sysfemn
Angeles City Rice 267.50 8200 0 0 0 0 0
Sugarcane 77290 10.00 i} 0 0 0 0
Roct Crops 74935 200 0 0 o o 0
Vegetahle 2350 1.00 0 0 0 0 0
Com 10.10 0 0 0 0 0 "0
Crops Sub-Total  1.823.35 95.00 0 0 0 0 0
Arayat Rice 165.00 11800 65500 80.00 520.00 5500 ° 116500
Sugarcane 120.00 0 0 0 ©10.00 ¢] 0
Roct Crops 18.00 0 20.00 0 5.00 0 1000
Vegetable 70.00 20.00 195.00 500 265.00 10.00 495.00
Corn 500 0 100,00 0 168.00 0 246.00
Crops SubTotal  378.00 138.00 570.00 8500 1.03200 6500  1916.00
Mexico Rice ©O33700 1,266.00 35400 o 521.00 220.00 705.00
Sugarcane 1.029.00 180.00 0] ¢ 12.00 0 18.00
Root Crops 3500 ©7.00 3.00 0 1.00 0 22.00
Vegetable _ 185.00 54.00 12.00 -0 24.00 0 42.00
Corn 299.00 - $9.00 22.00 o 1200 0 2200
Crops Sub-Total 492000 1,590 391.00 ¢ - 5%00 22000 805.00
Santa Ana  Rice NA 33900 266,00 ¢ 59750 0 154200
" Sugarcane NIA 0 0 0 0. 0 0
Roct Crops NA 0 -0 0 0 0 0
Vepetable NAL 0 o ) 0 "0 7387
Cotn - NIA. -0 o 0 0 0 i
Crops Sub-Tolal 0 391.00 266.00 S0 597.50 © 0. 161587
System Total  Rice 3800.50 - 186000  1,275.00 80.00  1708.50 C27300 341200
Sugarcane CLO2190 - 190.00 o 0 2200 .0 18.00
Roaot Crops 802 35 900 23.00 0 600 -0 3200
Vegelable ' 28250 7500 207.00 5.00 28900 10.00 61087
Cor 314.10 89.00 122.00 0 186,00 o 268.00
Crops Sub-Total  7.130.35  2223.00  1627.00 8500 220550 28300 434087
Accuniutated Crops Arca Damaged 2223 2308 2,593
B)'Lahar '
Grand Total AL 12,157 13,232

Sourcé : Dar Damage Data per Barangay, MA
Note : Crop arca covercd by Lahar in the previous year are not included in the next year.
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Table 2-2 Actual Damage by Commodity in Region 111, 1991 and 1992

e 1931 (*1) 1992 (*2)
Commodily Province Area
Damaged Valee Value
. {ha) (pesos) {pesos)
Rice Bataan 10,057 16,516,064
Bulacan (36 1,761,270
Nueva Ecija o 0
Pampanga 29485 2556141355
Tarlac 25,400 67,783,655
Zambales 16317 9,150,250
Sub-tolal 81,895 350,855,594 510350518
" Vegelables Bataan 169 6,629,296
: Bulacan 111 1,657,500
Nueva Ecija 0 0
Pampanga 1,001 107,830,760
Tarac 901 42,660,700
Zambales 308 4,170,200
Sub-total 2486 163,518,456 36,451,090
Root Crops Bataan ' 0 0
Bulacan 0 0
Nueva Iicija 0 0
Pampanga C © 1323 159,708,365
Tarlac 207 8.113,000
- Zambales 540 14,970,000
Sub-total 2,070 182,791,365
Assorted © DBataan 165 20,935,000 ) : -
Fruit Trees Bulacan ' 1) 0 @:%
‘Noeva Feija ¢ 0
Pampanga . 410 167,490,400
Tartac 40 4,500,000
Zambales I 1 C2135,675
Sub-total © 2317 290,061,075
Fishcrics Bataan .7 5393318
‘ Bulacan 0 . 0
Nueva Fcija 0 0
Pampanga 3,817 206,618,333
Tarlac 2,650 7,281,187
- Zambalcs ' 581 4,772,390
Sub-total 7,130 234,098.218 163.853,729
Sugarcane Sublotal - : - . 56,889,027
Total 95,898 . L271.354718 768,519.3%
Livesteck and Bataan L 32,060 . 5,511,080
Poultry Bulacan 974 349,250
(total No. of Heads) Nueva Ecija ) 0
Pampanga 716,677 176,822,180
Tailac 15,136 4,985,640
Zambalcs 13,867 15,523,050
Total 718,714 203,191,200 8,755,485
Grand Total 1474515918 TIB304,879
Source: *1 Presidential Task Force on Mt. Pinalubo, 1992 g

*2 Regional Disaster Coordinating Council, Region IH
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Table 2-3 Unit Value of Damageable Property

ltem

Umt Value

L Direct Damage

1. Building
1) Residential
Dwetling
Houschold Effects
2) Non-Residential
Building
- Inventory Stocks/Liquipment
3) Conumercial
Building
Contents

2. Agricultural Crops
1) Crop
Rice
Sugarcanc
Root Crops
Vegetable
“Comn

3. Infrastructure

1) Road
National Road
Provincial/Municipal Road
Barangay Road

2) Bridge '

National Bridge
Provincial/Municipal Bridge
Barangay Bridge
3) I1ood Control {IEarth Dike)
.4 Irrigation Canal _
5) Others(Water/Power Supply, Tele. Facility)

1L Indirect Damage

1. Iixtra Cost duc to Transportation Disruption
2. Livacuation Cost
3. Fmergency Clean-Up Cosls

© 48,710 pesos/building
- 1,930 pesosibuilding

269,330 pesos/building
83,000 pesos/building

1,233,800 pesostbwilding

1,205,400 pesos/building

11,690 pesostha
. 20,930 pesostha
7000 pesostha
6,000 pcsos!hé
9810 pesosiha

- 1,750 pesosim
1,400 pesos'm
300 pesosm

60,000 pesosim
50,000 pesos/m
30,000 pesoshu
© 900 pesosim

610 pesosim
400 pesos/person

' Operating and [ abor Cost

216 pesos/familyiweck
150 pesos/dayibuilding

Basic Source of Data:

- Study of Agno River Basin Hood Conteol, Final Repart Volume V, Supporting Report Part 11 Feasibility Study,

December, 1991

. Mount Pinatubo Recovery Action Plan Long Term Repott, Technical Appendix C Feonomic Analysis, March 1994

- Capital Outlays, Average Unit Cost, DPWH, December 1990
- Interview at the Site

Note : Assuming a Depreciation Ratio of 50%



Table 2-4 Summary of Estimated Damage in the Study Area
. (Unit : thousand pesos)
River System Damage Amount by Lahar and Hood
Item 1901 1992 1993 Total
Sacobia-Bamban River System
ircct Damage

. Housc 257,599 219310 11,498 488,407
- Infrastructure 58,095 37,029 30,262 125386
- Agrieulture _ 88,857 202,210 243,202 534,358

Indirect Damage

- Extra Cost duc (o - 9819 27,020 26,916 63,784
Transportation Discuption :

- Evacuation Cost 9,857 8,358 433 18,647

- Emergeney Clean-Up Cost 1,340 583 480 2,403

Total 425,565 494,509 312910 1,232.984

_Abacan River System
Diteet Damage

- House 181981 6,060 0 188,035

- Infrastructurc - 138,461 256060 - 25,509 189,579

- Agnicultwre - : : - 33,535 58,811 73,280 165,627

Indirect Damage

- Lvaceation Cost ' 7,186 231 0 1417

- Fmergency Clean-Up Cost 3,224 1,012 1.385 5621

Total _ : 364,391 S92 100074 - 556,289

Graod Total 789,959 586,230 413,084 1,789,212




Table 2-3 Estimated Iouse Damage in the Study Arca

(Unit : thousand pesos)

River System Damage Amount of Totally Destroyed Houses
City / Municipality 1991 1952 1993
1.ahar Flood Lahar Itood f.ahar Hood
Sacobia-Bamban River System
Bamban 158,252 8,666 109,938 0 0 0
Capas 0 0 0 170 0 0
Concepeion ' 01,983 1] 22,656 0 1046 0
Mabalacat 7,363 0 86,516 0 3,682 0
Magalang 0 0 Y _ 0 0 170
Total 257,559 - 8,660 219,140 170 S 11,328 170
Annual Total _ 257.59% 219310 11,498
Accunilated Total 257,599 476,909 : 488,407
Ahacan River System ‘
Angeles City 164,879 64,400 6,060 0 0 0
Arayat ' 0 0 0 0 0 0
) " Mexico 17,105 o 0 o o 0
Sania Ana : o - 0 ¢ 0 0 0
Total 181984 64400 6.060 0 0 0
Annual Total 181,984 - 6,060 0
© Accomulated Total . 181,984 188,045 188,045
Grang Total , 439,583 664,954 676452

" Source: Damagce Data per Barangay, MSWID
Note:  The annual damage amount is the sum of the greater value of Lahar or Flood
in cach city/municipality
Assumnption : Unit value of totally destroyed house is estimated at 65,000 pesos per house.



Table 2-6 Estimated Infrastructure Damage In the Study Area

(Unit: thousand pesos) =
River Systern Infrastructure Damage Amount o)
Facitity Unit Value 1991 1992 T iom
Item Lakar Hood Labar Flood Tahar Flood
Sacobia-Bamban River System
Roads and Brdges
National Reads 1,750 P'm 0 0 4725 838 1,750 8]
Local Roads 1,400 Fim 17,430 346 6,650 346 4,200 3i1
National Bridges €0,000 P 12,600 75 10,185 0 10,500 0
Local Brdges $0,000 P'm 3,000 Y A 1,763 25 1,500 128
Public Building/Stroctuse 332330 Phide 3611 ki) 1,585 44 793 32
Iirigation Systems (Canal) 610 Pm 14,240 ] 3840 ] 3,680 0
" Flood Control Drainage o900 F'm 1,575 63 2,250 5] 2919 612
Oher Facilitics (Water, 400  Pipeeson 5,638 325 6,031 152 4,860 KYE}
Power, Tel) )
Annual Total 53095 37.029 30.262
Accumulated Total 58,095 95,124 125,386
Abazcan River System
Roads and Bridges
Nationa) Roads 1,750 Pim 6,300 433 o 433 0 350
Locat Roads 1,400 Pm 76,440 2,856 8,630 5165 C 3700 S 4,016
National Bridges 60,000 Pim 5,400 450 0 0 0 0
Local Bodges 50,000 s 13,700 250 o 200 Q 200
Public Buildin g Structure 352,330 Pibldg. 10,147 2,607 o 2,072 ¢ 2,655
Triigation Systems {Canal) 610 P " 4,160 416 ] 320 0 448
Flood Copteol'Drainage 900 P'm 16,650 2,237 13,230 1,886 13,230 1,886
Cnber Facilities (Water, 400 . Plperson 5,667 533 660 372 836 744
Power, Tel ) ) )
Annual Total 138,451 25,606 25,509
Accumulated T'otal 138,461 164,071 189,579
Annual Grand Tetal 196,555 62,635 55,171
196,553 255104 314,965

Accunlated Grand Total

Basic Source of Data:

Dumage Dola pot Barangay peepared by Murdeipal Bngincer -

Dumape Report propared by Angeles City Panning Office :

Sty of Apgno River Basin Fiood Contrel, Final Repod Volumi ¥, Supporting Report Pant H Teashility Study. Oecember 1991
Mourt Pinarubo Reacvery Action Flan Long Terw Repor, Technic® Appensdix € Teonomic Andysis, March 1994

Capital Outiays, Avecage Ut Cost, DPWIH, December 1920 .

= Ifemiow at the Site ’

Assamplion :
- Pxmage Rate for | aher Cos0m
. Cramaae Rate for Food 5%
Note :

~ The anmuzl 1ol is the sum of the greater of the [atar or Hood by each item



Table 2-7 (1/2) Estimated Agricultural Damage in the Study Area

_ (Unit ; thousand poses)

River System Meod Agricultural Damage Amount .
@ City f Municipality Damage 1991 . 1992 1993
_ Crop Rate(%) Lahar {load Lahar Hoad lahar Flood
Sacobla-Bamban River System
Bamban Rice 43% 12385 108t 23724 829 23724 829
Sugarcans 39% 2,105 s 15,650 g2 15660 8
Root Crops 56% TS 0 125 0 125 0
Vegetable 68% S8 . 6l 667 0 667 0
Com 47% 49 X} 83 o 83 0
Crops Sub Tolal 22772 1,736 40,259 911 40,259 o
Capas Rice 6% 444 0 T 0 787 0
Sugarcane 5% o ¢ "0 0 o a
Root Crops 8% 0 0 0 0 0 0
“Vegelabls 10% 0 0 0 0 0 0
Cern 1% 0 ] o 0 0 0
Crops Sub-Tolat EXT] 0 787 0 787 0
Concepeion  Rice 23% §7121 0 115,562 5244 127,499 0
Sugarcane 20% 2,093 ) 4641 0 - 6028 0
Root Crops 0% 210 0 750 - 0 - 150 0
Vegolable 3% 18 0 424 0 . o8 0
Com 25% 147 0 LY o 277 0
" Crops Sub-Total 59,680 0 123,102 5241 137,607 0
Mabalacal ~ Rice 9% 1,169 0 5497 o 9,405 0
§ _ : © Sugarcane 45% 3,05 0 17.123 0 28.923 0
o Roct Crops ' 63% 0 0 0 0 0 0
Vegelable % 0 0 0 o 0 0
Comn 33% S0 o 0 0 0 0
Crops SubTotal 4225 0 22620 0 38328 0
Magafang Rice ' 1% 0 ¢ 4969 749 11,528 3.99
Sugarcane 10% 0 0 3.516 I B v ) 0
Roat Crops 14% 0 0 25 0 88 0
Vegetable 18% 0 0 2 0 36 12
Corn 12% 0 ] 0 0 0 0
Crops Sub-Tokal 0 0 8,510 749 21,392 - 4008
System Total Rice 72,120 1081 150510 6820 172,943 4825
Sugarcane 14,253 © 571 10975 82 60,331 82
Roct Crops s 245 0 900 . 0 o3 0
Vegelable : 306 61 1,092 0 1.330 12
Corn ' 196 23 1802 o - 2805 0
Crops Sub-Tatal _ £7,120 1236 195308 6.501 238373 4919
~ Annual Total . - 8889 © 200210 243292
Accomulated Total B3.B57 291,066 534388
{contd) -
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Table 2-7 (¥2) Estimated Agricullural Damage in the Study Area
(Unit : thousand pesos)

River Syslem Hood Agncultoral Damage Amount
City / Municipatity Damage 1991 1992 1593
Crop Rate(%) Lahar Hood Lahar Flood Lahar Hood

Abacan River Syslem

AngelesCity  Rice 60% 959 0 1.69% ¢ 1699 1]

Sugarcane 55% 205 0 360 0 360 0

Root Crops 8% 14 0 50 0 50 0

Vegetable 05% 6 0 20 1] 20 0

Cornn 65% 0 0 [t 0o 0 0

Crops Sub-Total T 1188 0 2129 0 2129 0

Arayat Rice 3% 139 2,680 3380 2414 4/146 47767

Sugarcanc 2% 0 0 0 67 G 0

Root Crops 45% 0 63 0 16 o 32

Vegetable 56% 120 © 655 434 890 563 1.6063

Corn 38% 0 amn 0 626 o N7

Crops Sub-Tolal 1.499 3 3814 4013 5311 7378

Mexico Rice 21% 14,890 869 26,232 1,279 28803 1731

Sugarcane 19% 3767 .0 6,480 13 6480 72

Roat Crops 27% C 49 6 i75 2 75 42

© Vegetable 3% 324 24 1,09} 43 1.091 83

Corm 23% 873 50 1469 271469 5

Crops Sub-Total 19813 948 35446 1403 138,018 1977

SantaAna - Rice 85% 4,606 1710 - 8164 3812 8,164 9914

. ' Sugarcane 50% .0 0 ¢ 0 0 0

"Root Crops ST1% ] 0 0 0 0 0

Vegetable 8% 0 0 0 0 a 350

Corn C60% ' 0 0 0 0 Q _ ¢

Crops Sub-Total 4606 1.710 8164 3812 T 8164 §0,301

System Total “Rice 21,743 5250 - 39474 7.535 43,412 16,412

Sugarcasie - arn o 6810 s 6840 72

Roct Crops ' 6 69 725 18 215 73

Vegetable 450 &9 1,545 938 © 1,676 2,136

Cotn . - 873 422 L4669 653 14690 967

Crops Sub-Total 27,106 6,429 49,553 9253 s362 19,659
Annual Total 3825 58811 73,280
Accemulated Total o - 33535 92347 165,627
Annual Grand Total 122392 261.021 316,572
Accemulated Grand Tolal : ' K 122392 ag3al3 . 699,985

Source - Damage Area pot Bararigay, MA
Damage Rete of nee per Municipality, PA

Wole - Crop area covered by Lakar in the previous year are not incladed in the next year
Assuraphion : B ) .
- Damage by tahar in the finst year are estimated at nct income, &nd accumulaicd the gross income in the neat year
& Damage by Flood are estimated at the mniSply the pet income by daniage rate.

- Damage réts for rice by flood are estmated atthe actudd asea of completely damaged divided by area affected

- Damage reles for the other crops by Nocd are applied 1o the mulbpiy the ras¢ of rice by following retes

Arnrual Annual {ahar Hood
Crop Net Gross Bamage Damage

[ncome income Rate Rate

(P'ha) (Pha) (Rice=1.0)
Rice 11,69 20,740 100 1.00
Sugarcans 2930 36,000 100 on
Root Crogs 7,000 25,000 i00 13
Vegetalle 6,000 20,200 100 152
Com 2810 16,500 100 109
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Table 2-8 Estimated Indirect Damage in the Study Area

{tem

Damage Amount

{1) Extra Cost due to Transportation Disruplion
Due tothe Bamban bridge failure 3222
2
1993
Total

Asswngiions
. Addtional Distance of Route 329 in place of Route 3

92,818,596 pesos
27,019,595 posos
26945171 pesos

63,783,961 posos

Estimated Increase in Distae 38 km
- Average Fraffic at San Iyaisco Bridge {vchicle'day)
Teack Bus Jecpny Sedan
1,080 COLI%S b.BOS 3.603
- Distatution of Rowte 3 and Roufe 329 8:2
- Cperating Cost
Truck/Bus T 430 pesoskmdvehicle
Jeepay!'Sedan : 2 29 pesos'kmivehicts
- Fabor Cost : 11 pesoshr
- Average Speed : 40 km Tw
{2} Evacuation Cost
Sacobia-Bamban River Syslem {pcsos)
Year Lahar Flood Tokal
1991 9,823,680 33018 9856728
1962 : 8357,010 - 618 8.357.653
1993 - 432,000 618 432,648
Total - 186127720 34314 18,642,064
Abacan River System _ . - (pesos)
- Year Jahar . Mood Total . :
- 1991 6,940,080 245592 7.185.672
1992 231,120 . o 231,520
1993 0 0 0
Total SRATL200 245592 7416792
Assumpions
- Fivaguition Cast 216 pesosfamity'weck
- Evzcuated perdiod by Lahar . 10 weeks
- - Evacuated period by Hood 1 weeks
'ibc family of evacuce are assumed of the numb-cr o( iotally daunaged houses ’
(3) Emecegency Clean-Up Codd
: Sacobia-Bamban River System _ {p<¢sos)
Year Lahar [lood Total
1991 _ 160,200 1179450 1,339,650
1992 99.000 481200 553,200
1993 0 479700 479,700
Total 252,200 2143330 2,402,550
Abacan River System {pesos)
Year 1ahar tlood Total
1991 2. 170.700 1,106,550 3.224.250
15992 : 498,600 513,000 1,011,600
1993 785,100 592,400 1,385,100
Total 3402000 C 2218950 5.620,950
Assumpdions .
. Emesgency clean up cost ' 150 prsosidaybulding
L Expended poriod by Lahar & days
- Bapeneled peried by Hood ' 3 days

- The oumbcr of bulding affected are assumed of the oumbar of ;sarbaliy damaged houses

Total
7.651

B.r: < Source of Data:
Camage Data per Barangay. MSWD
- Mount Pisatubo Recovory Action Flan Long Tenn Report, Techrieal Appendin C Geoncinie Aralysis, March 151
- lntenview at the Site
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