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W We live in aworld where we enjoythe

pleasures of nature. We are provided

with resources that are abundat and

free. But as years pass and human

activities are changing, tremendous
effects of climate change are dominantly present
affecting the availability of resources and poses
dramatic lossto the economy.

As we facethis very challenging times brought
about by the climate change the Department of
Agriculture continues to provide interventions
that will develop adaptation and mitigation skills
of our farmers and fshersz helping them battle
the effects of climate adversities.

| commendthe Research Division foproducing a comprehensive and holistic analysis of
the Climate Risk Vulnerability Assessment (CRVA) in the region. In this report, the
vulnerability index in terms of the adaptive capacity, exposure, and sensitivitgre
presented in details as well as the factors affecting it.

The CRVA is very relevant for it servesvo purposes (1) as basis in the establishment of
AMIA Villages vhere Climate-Resilient Agriculture (CRA) practices are showcasednd
(2) as guide in implementing programs and interventions othe Department Similarly,
this also serves as reference for polieynakers, farmers, research institutions, academe,
organizations, and interested grogps.

May this output further promote the crucial role that R&D plays in developing
innovations and enhancing agricultural productivityas well asncome of our farmers and
fishers in Caraga.

Thank you and MabuhayLarga Caraga, Larga!

ABEL JAMES. MONTEAGUDO
Regional Executive Director
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As climate change continues to exert
pressure on the livelihoods and agricultural
productivity of our farmers, the need to
understand the vulnerability of the
community is very timely and necessary.
Cognizant of the fact that there have been
various programs and interventions geared
towards adaptation and mitigation initiatives
of our farmers and fishers in Caraga, having
this comprehensive CRVA report is in the right
direction.

This CRVA output will serve as benchmark of
future programs and interventions we will be
implementing the region. Considering the
present situation and the existing resources available, we can make a huge impact in
helping our farmers combat the negative effects of climate change in the future.

Through the AMIA project, the Deparnent of Agriculture envisioned ofenabling local

communities manage climate risks while pursuing sustainable livelihoods. The
information presented in this CRVA will help us determine the highly vulnerable
municipality where appropriate climate-smart technologies and practices will be

introduced.

| commend the Research Division and everyone behind the completion of this CRVA
output deserves applause for their extraordinary effort. | am looking forward to seeing a
bright R&D future ahead of us.

Congratulaions everyone!

NICANDRO M. NAVIA, JR.
Regional Technical Directofor

Research, Regulation® ILD/ AMIA Focal Person
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| take pride in supporting this printed
a first of its kind in the area of climate
vulnerability assessment. As Project Leader
#EEAZE 1T &£ OEA 2A0AAOAE
fulfilling to come-up with this comprehensive
analysis of all the muricipalities in Caraga.

Considering all the information presented in

comprehensive CRVA output, we hope that
will be used as reference by our Banner
Programs and LGUs in their future
interventions, target-setting, and

prioritization.

the AMIA project, this output will be used as
in developing and promotingclimate-resilient

agriculture (CRA) through implementing technologies and practices, introducing
institutional and social innovations, and accessing climateslevant support services.

| am grateful to the Climate Resilient Agriculture Office for initiating projects directed
towards increasing climatechange resiliency of our farmers.

To our researchers and collaborating LGUs, thank you very much and congratulations.
May this output be an important and significant reference for everyone.

ABEL F. WAGAS
Chief, Research Division/
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AMIA Project Leader
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The AMIA Team would like to express its heartfelt gratitude to those personalities behind
the success of this CRVA analysis that provides appropriate strategies to responding to
the challenging call of climate change.

This book would not be possible witlout the contribution and commitment of the
following departments and personnel:

We are thankful to the Department of Agriculturedimate Resilient Agriculture
Office ( CRAOYor designing and funding this project with enormous budget
allocation.

To the Department of Agriculture- Regional Office for the unwavering support in
implementing this result-based project.

To our Regional Executive Director, Abel James |. Monteagudo who undeniably
stood as pillar of the department.

To the focal person, RTD Nicand M. Navia Jr. who endlessly provides inputs to
this paper.

To the project leader, Chief Abel F. Wagas who consistently monitored the
implementation of the project.

To the members of the Technical Working Group (TWG) per special order # 11
who untiringly spare their time in attending and supporting AMIA Activities.

To the AMIA Technical Staff who perform the data collection, consolidation, and
validation to ensure conducive output as a tool for decisiomaking.

To all the Senior Staff for thei continued guidance and supervision in the
implementation of all CRVArelated undertakings.

47 OEA AiT 1T AAOTAA ,'580 1T &£ OEA DPOI OET AA 1
DOl OEAA OEA AABOABO T AAAAA &£ O OEA AOAAODBEI

)y 0860 A x1 1 AA O A&withAd BIAyoEMphrieda hdpke cortribution
in the success of this project. Thank you and God Bless us all.
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This paper provides information on the most vulnerablenunicipalities to climate change
impacts inthe Province of Surigao del Norte in Caraga regiofihe assessment was carried
out by overlaying climate hazard maps, sensitivity maps, and adaptive capacity maps
following the vulnerability assessment framework T £ OEA 51 EOAA
Intergovernmental Panel on Climate Change (IPC&ulnerability is a function of the
character, magnitude, and rate of climate variation to which a system is exposed, its
sensitivity, and its adaptive capacity (IPCC, 2001) or a funioh of sensitivity, exposure
and adaptive capacity. This three (3) key dimensions of vulnerability namely: sensitivity,
exposure (hazard) and adaptive capacity ere used in this study as a major contributor
to the assessment of climate risk vulnerabilityThe study used geespatial dataof various
climate-related hazards inthe province of Surigao del Norte, PhilippinesBased on ths
CRVA, San Francisco in mainland and Del Carmen in Siargao Iskaedamong the highly
vulnerable municipalities in the province due to its high exposure to climate hazards as
well as their low adaptive capacity and the decreasing suitability of crops to climate
variability in the aforementioned municipalities. Considering other factors constant,
investing for banana, corn, rice root crops and vegetablewill be less favorable in the
future. However, such potential impacts could be negated if the LGUs will continue
investing in climate-change related programs and interventions that will improve
farming practices and those that wl facilitate agri-related coping mechanisms and
strategies. Several climate resilient farming technologies require further verification. A
Community Participatory Action Research (CPAR) is highly recommended in coming up
with location specific-climate resilient adaptation options.

Keywords: climaterisk vulnerability, sensitivity index, hazard index, adaptive capacity
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INTRODUGTION







The Philippines s now facing the very real impacts of climate change, which threaten to
undermine our development prospects and exacerbate the vulnerability of our poorer
communities. With projected changes in precipitation, temperature, intensity of tropical
cyclones and frequency of extreme weather events, considerable efforts would be required
to prepare the Philippines in dealing with the impacts of climate change on the different
climate-sensitive sectors (Servando, N.T. in PAGASA, 2011). In addition, extreme weather
events such as typhoons, drought, heavy rains, regularly visit the country and many have led
to disasters costing the country billions in pesos every year. Of the 2fphoons that enter
the Philippine area of responsibility annually, nine (9) make landfall. Heavy rains from the
annual monsoons also cause floods that lead to small and large disasters. El Nino, with its
associated drought and floods, visit the countryni 2-7 years interval.

4EA AT O1 GisbDaiiés Gectdr @@ Rerennial casualty of these climatelated risks. In
the period of 2010 - 2014, loss and damages from climate/weathemduced disasters
(FPOPDDA, 2015) reached a total of Php136 billionoan average of PR27 billion annually.
The increased vulnerability of agrifisheries communities to climate risks pose as a key
challenge in enabling them to pursue more resilient and productive livelihoods, and
ultimately rise out of poverty.

In response, the Department of Agriculture has launched the Adaptation and Mitigation
Initiative in Agriculture (AMIA) in 2014, with an overall vision of a Philippine agrifisheries
sector that enables local communities to manage climate risks while pursuing susiable
livelihoods. As its overall approach, AMIA develops and promotes climatesilient
agriculture (CRA) through implementing technologies and practices, introducing
institutional and social innovations, and accessing climateslevant support services.

The initial phases of AMIA identified key climate risks and geographic targets across the
country through Climate Risk Vulnerability Assessment (CRVA). This is purposely done to
assess exposure, sensitivity, and adaptive capacity of the afjsheries sector to climate risks

in the AMIA target regions; identify and prioritize provincespecific climate risks that
threaten the resilience of agrifishery communities; and to plan and design climateisk
responsive research and development interventions to bild resilience amongagri-fishery
communities.

Outputs of CRVA serves as basis in developing GRMated decisionsupport tools,

preliminary models for community action research, and recommended guidelines for
provision of climate information services.
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The general objective of this study is to identify which municipalities in the Province of
Surigao del Norteare the most vulnerable to climate change. It is expected that this
information will be useful to policy-makers of the province and the region as well as
stakeholdersin better targeting their support towards climate change efforts. The specific
objectives are as follows:

1 To assess exposure, sensitivity, and adaptive capacity of the municipalities to
climate risks in the province ofSurigao del Norte

1 To show these vulnerable areas in a map for ease of reference of interested parties
and

1 To plan anddesign climaterisk responsive research and development interventions
to build resilience among agrifishery communities.
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METRODOLOGY







Study Area
This report highlights the CRVA Output for the Province of Surigao del Norte
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Figure 1. Geographical location of the study area

Surigaodel Norte islocated at the Northeastern part of Mindanao between 129 ut® 126
p vedst longitude and 9p @10 ¢ TMOrth latitude. It is bounded on the North and East by
the Pacific Ocean, on the South by the Provinces of Agusan del Nartd Surigao del 8r and
on the West by the Surigao Strai{Figure 1).

(Source: Factboolsurigaodel Norte, 2013
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The CRVA Framework

Climate risk vulnerability is the degree to which an area is susceptible to the adverse effects
of climate change, specifically amanifested in increasing weather variability and projected
long-term shift in the occurrence of extreme weather events. Analysis is based on the
vulnerability assessment framework from thelntergovernmental Panel on Climate Change
(IPCC)which define winerability as a function of 3 key dimensions namelysensitivity,
exposure, and adaptive capacity as shown in Figure2. Each key dimension hasveighted
impact factor depending on the importance attributed to the systemThe weighted impact
factor used in this particular analysis was patterned from that

of CIAT which measures CRVA as follows:

Vulnerability= (Exposure* 0.15) + (Sensitivity* 0.15)
+ ((1- Adaptive Capacity* 0.70) EQq (1)

Integrated analysis isdone through GIS overlay mapping, which is used to assess spatial
DAOOAOT O AT A O EAAT OEAU OEI OODBPI 006 1T O OAT OEC
hazards and low adaptive capacitfEq 1).

Exposure I: changes in temp. Exposure ll: Biophysical Indicators (climate-related
and prec. pressures)
Changes in changes Tropical Floofing  Landskide Drought  Erosion Salt Water  Sea Level Storm

|

I | I I | | |

Exposure from hazards™

Adaptive Capacity

— ECOnmmic
— Matural
“changes in Chmatic Suitabiity to Grow “Capadity to Resist and Adapt .
to Pressures”
Furture Conditions —Baoseline Conditions
— Human

Health
e
L Institutional
Legend:
i L ntidpatory
Inputs

Figure 2. Framework of ClimateRisk Vulnerability Assessment
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Adaptive Capacity Estimation

The IPCC defind adaptive capacity (AC) ashe ability or potential of a system to respond
successfully to climate variability and changand includes adjustments in both behavior and

in resources and technologiesLiteratures provided different versions of adaptive capacity

definition however, most of them emphasized on similar idea- OO1 Al PA xEOQE
AT 1T OANOAT AAOGG68 | AADod Eighh capkad DdicAt&OnamelEecAroid

natural, social, human, health, physical, anticipatory, and institutionalProxy variables used

for each capital were presented inrable 1.

Figure 3 displays the stages of adaptive capacity estimation which starts with data
standardization or normalization of values to cancel out variability of data using the equation
below:

0t a—— Eq(2
where
@ I OEQEAITAGA
® 1T x HAOERAEARA OA O
® E E C EOMOBERAEMRA OA O

Data Standardization

Normalize Economic Normalize Natural Normalize Social Normalize Human Normalize Health
Indicators Indicators Indicators Indicators Indicators

Data Composite per Capital

Aggregate Economic Aggregate Natural Aggregate Social Aggregate Human Aggregate Health
Indicators Indicators Indicators Indicators Indicators

Aggregate capitals to develop composite AC

Invert values where 1 is low AC

Figure 3. Simplified schematic diagram of AC processing.

Once the values are ready, composite index for each capital is then constructed by getting
the average of all indicators. After computing for the composite index, the valuesre
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Table 1. List of indicators used in measuring adaptive capacity

i Total area
planted (top 5
commodities)

9 Total
volume of
production
(top 5
commodities)

9 Income
class

9 Total no. of
financial
institutions

9 Total no. of
finance
cooperatives

9| Total no. of
ATMs

1 % of
farmers
covered with
insurance

1 % of
population
employed in
agriculture
9 Minimum
wage rate in
agriculture
9 Poverty
incidence

9 Total
service ares
with
irrigation

1 Total
agricultural
land area

{ Literacy
rate

9 Ratio of
school
teachers to
students

9 Total no.
of
secondary
schools

9 Total no.
of public
and
private
tertiary
schools

9 Total no.
of
technical
vocational
schools

1 % of
farmers
owning
agricultural
land

9 Average
farm size

9 Total
number of
livestock
owned

1 % of
agricultural
area with
irrigation

9 Total no.
of concrete
roads

9 % of
household
with water
services

1 % of
household
with
electric
services

fINutrition
rate

 Total
number of
health
services

Y Total
number of
health
professionalg

1 % of
local citizen
with
Philhealth

1 % of
women
officials on
government

1 No. of
farmer
associations

1 % of
farmers
who are
members of
coops/unio
ns/groups

9 No. of
MDRRMC
registered
trainings

9 % of farmers|

with access to

mobile phones

9 % of farmers|

with access to
televisions

9 % of farmers|

with access to
radio

9 % of farmers|

with access to
internet

9 No. of
AEWs

1 % of
farmers
visited or
consulted
with AEWs

1 % of
farmers
visiting or
consulting the
AEW of MAO
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normalized again for consistency. The composite AC is then derived using the sum
function of all capital indices. To account for vulnerability, the AC index is then
inverted where 1 is considered as low AC.

Crop Sensitivity Assessment

Sensitivity index is defined as the increase or decrease of climatic suitability of
selected crops to changes in temperature and precipitatio(Burgman 2002). The
Climate Change Commission definé as the degree to which a system or species is
affected, either adversely or beneficially, by climate variability or change. The effect
may be direct (e.g., a change in crop yield in response to a change in the mean, range,
or variability of temperature) or indirect (e.g., damages caused by an increasethe
frequency of coastal flooding due to sea level rise).

Adopting the method suggested by the CIAThé Maximum entropy (Maxent) model
was used tocompare crop suitability by the year 2050 visa-vis the baseline year.
Analyzing changes in crop suithility involves a two-step process: The first step is to
assess the baseline (current climate condition) crop suitability which is based on the
condition that a species is predicted to occur at a particular location if it
approximately matches the environnental condition where it is observed. The
second step is to predict the location of a species on a particular time slice if it
matches the environmental condition where it is observed in the baseline condition.
Table 2 presents the 20 bioclimatic variablesisedto assess climate suitability of

crops.

Table 2. Bioclimatic variables used in crop simulation modeling

PARAMETERS

DESCRIPTION

Temperature Related

Bio_1z Annual mean
temperature
Bio_2- Mean diurnal range

Bio_ 3z Isothermality
Bio_4- Temperature
seasonality

Bio_5- Maximum temperature
of warmest month

Bio_6- Minimum temperature
of the coldest month

Bio_7- Temperature annual
range

Bio_8- Meantemperature of
wettest quarter

Bio_9- Mean temperature of
the driest quarter

Annual mean temperature derived from the
average monthly temperature

The mean of the monthly temperature ranges
(monthly maximum minus monthly minimum).
Oscillation in day-to-night temperatures

The amount of temperature variation over a
given year based on the standard deviation of
monthly temperature averages.

The maximum monthly temperature occurrence
over a given year (timeseries) or average span
of years (normal).

The minimum monthly temperature occurrence
over a given year (timeseries) or averaged
span of years (normal).

A measure of temperature variation over a
given period.

This quarterly index approximates mean
temperatures that prevail during the wettest
season.

This quarterly index approximates mean
temperatures that prevail during the driest
quarter



PARAMETERS
Bio_10- Mean temperature of
warmest quarter

Bio_11- Mean temperature of
coldest quarter

Bio_12- Annual precipitation

Bio_13- Precipitation of
wettest month

Bio_14- Precipitation of driest
month

Bio_15- Precipitation
seasonality

Bio_16- Precipitation of
wettest quarter

Bio_17- Precipitation of driest
quarter

Bio_18- Precipitation of
warmest quarter
Bio_19- Precipitation of
coldest quarter

Bio_20- Number of
consecutive dry days
Sourcesi / 6 $1T 1T Al 1 h

Generating Exposure Index

DESCRIPTION
This quarterly index approximates mean
temperatures that prevail during the warmest
quarter.
This quarterly index approximates mean
temperatures that prevail during the coldest
quarter.

Precipitation Related

This is the sum of all total monthly precipitation
values.
This index identifies the total precipitation that
prevails during the wettest month.
This index identifies the total precipitation that
prevails during the driest month.
This is a measure of the variation in monthly
precipitation totals over the course of the year.
This index is the ratio of the standard deviation
of the monthly total precipitation to the mean
monthly total rainfall and is expressed as a

percentage.
This quarterly index approximates total

precipitation that prevails during the wettest
quarter.

This quarterly index approximates total

precipitation that prevails during the driest
quarter.

This quarterly index approximates total

precipitation that prevails during the warmest
quarter.

This quarterly index approximates total

precipitation that prevails during the coldest
quarter.
Consistent number considered as dry days.

Al A
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$8h ¢@tuve(

Exposure index @ptures the level of potential exposure to extreme climaterelated
eventssuch ascyclone, drought, flooding, landslide, sea level rise, severe local storm,
storm surge, and wildfire (ADB, 2015) The development of @ exposure orhazard
index relies on spatial analysis of theveighted combination of different historical
climate-related natural hazards in the Province of Surigao del Norte. At leastght
(8) hazards were identified for the said province, these are tropical cyclone (TC),
flood (FId), landslide (LS), erosion (Ero), saltwater intrusion (SWI), sea level rise
(SLR), drought (DRT) andstorm surge (SS)The selection of hazards werdased on
consultation and briefing conducted last August 2019 at Surigao City with the

POl EAAO PAOOT AOO £&EOI I

OEA

56 O

I £ OEA

Hazards Weights. The hazard weights usedn this study was introduced by
the lead partner of CIAT. The weights were identified through focus group

£

0



AEOAOOOETT O Ai 1 ACAOGAA AT A xAOA OAPOAOAT OAA
persons. The qualitative assessment using the following criteria 1)rpbability of
occurrence, 2) impact of local household income, 3) impact to key natural resources
to sustain productivity (refers to how key resources such as water quality and
quantity, soil fertility, and biodiversity are affected), and 4) impact to foodsecurity

of the country, and 5) impact to national economy. Tabl@summarizes the different
weights for each island group in the Philippines. The criteria used also reflect the
impact of hazards at different scales from local, landscape, and national éevA
spatially-weighted sum was used to develop the hazards index for each island group
(Luzon, Visayas, and Mindanao). Thus, in the case of the AgudahNorte province,
the weights of the Mindanao cluster were adopted. For each municipality in the
province, the value of the hazard index was computed and normalized.

Adopting the framework from CIAT below is the econometric specification for
computing hazard index:

O YEp @@L OaZpa@&uv O¥pB8p Ol 2p&p
Oi Vp @@L Yo B X YONMSGY “YYy8 y%No

where:

TC= Tropical cyclone LS= Landslide Drt= Drought

Fld= Flood Ero= Erosion SWI= Salt water intrusion
SLR= Sea level rise SS= &rm surge

Five equal breaks were used to gewisualize the map, and it was classified into-0
0.20 (Very Low), 0.200.40 (Low), 0.400.60 (Moderate), 0.600.80 (High) and 0.80
1.0 (Very High).

Table 3. Hazard weights
ISLAND GROUP

Hazards Luzon, % Visayas, % Mindanao, %
1 Tropical cyclone 20.00 18.21 16.95
2 Flood 19.05 16.40 15.25
3 Landslide 8.27 10.72 14.41
4 Erosion 11.43 12.57 12.71
5 Drought 14.25 16.17 16.95
6 Saltwater intrusion 11.43 7.21 10.17
7 Sea Level Rise 5.71 8.33 5.08
8 Storm Surge 9.52 10.39 8.48

Source:CIAT
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AGRO-EDAPHIC PROFILE






Land Area

The Province is composed of the mainland, Siargao and Bucas Grande Islands with
a total land area of 201, 710 hectares (based on the updated DEXBRS Generated
Land Area).

Of this total, the mainland portion occupies 138,914 hectares and Siargkstand has
62,796 hectares. The biggest land area is Clav&1,534 hectares or 15.63%) and
followed by Surigao City (26,117 hectares or 10.95%). Burgos, on the other hand,
has the smallest area equivalent to 0.97% of the total.

(Source: Factboolsurigaodel Norte, 2013

Topography

The mainland portion of the province has a varied terrain rangingrom flat, to
rugged to mountainous. A mountain range located along the boundary of the
municipalities of Tubod, Bacuag and Mainit is Mt. Diwata. On the north eastern part
of Sisonz Placer Mainit boundary is Mt. Buhangin with an elevation of 664 meters
and flanking the western side along the boundary of MainitSan Francisco is Mt.
Tendido with an elevation of 865 meters. Two common mountain rege namely: Mt.
Satellite having an elevation of 1,016 meters and Mt. Agudo with 1,018 meters above
sea level arefound in Malimono.

Adjoining the municipality of Alegria and the municipality of Kitcharao in Agusan
del Norte is Mt. Kabutan with an elevation of 975 meters. At the southeastern part
bordering Surigao del Sur and Municipality of Claver lies Mt. Legaspvith an
elevation of 1,170 meters above sea level.

The terrain in Siargao Island is predominantly rolling to steep. The highest elevation

is 291 meters above sea level located along the middle Bucas Grande Island. On the
western and southern sides of thasland are broad expanse of mangrove swamps
and broad reef flats. The island is proximate to the Philippine Deep which is 10,700
meters below sea level and considered as the deepest part of the trench.

(Source: Factboolsurigaodel Norte, 2013

Soil Type

The soil in the province is basically clay and sandy loam type. The soil in the
mainland area is generally classified as loam soil (60% Anaeon/Malimono clay
loam, 20% kabatohan clay loam and 20% Malalag clay loam) characterized
permeable, moderatelydrained and highly suitable for agriculture.

The solil type in Siargaasland is: 80% bolinao clay,10% bolinao clay steep phase
and 5% Jamoyaon clay loam. The island of Bucas Grande is highly acidic due to the
presence of mineral ores thereby needing caful soil management

(Source: Factboolkurigaodel Norte, 2018

Climate

The province falls under climate type Il charactazed by no pronounced dry season
but with a very pronounced maximum rainfall period from November to January. It
has a total annual rainfall of 2,911.20 mm fom the 204 rainy days in
2016.Temperatute ranges from a low of 23.L in February to a high 33.8C in
August.



(Source: Factbooksurigaodel Norte, 2013

Land Classification

The alienable and disposable land (A&D) is estimatkat 95,969 hectares (47.58%)
of which 71,632 hectares are in Surigao Mainland while the 24,337 hectares are in
Siargao and Bucas Grande Islands.

Of the total land area, 11,123 hectares has been utilized for settlement areas, 97,640
hectares are agricultual areas, fishpond has B41 hectares, production forest is
17,427 hectares while other forest areas categorized as open and closed forest total
to 30,175 hectares, 8,235 hectares for mining and industrial use, 765 hectares are
tourism areas, 14,162 hectees are mangrove areas while only 41 heates are
utilized as military reservations. A total of 20,801 hectares are for other land uses,
of which 6,530 hectares are shrub land, 5,384 hectares are grassland, 8,531 hectares
are brush land and 356 hectares a considered barren.

(Source: Factboolsurigaodel Norte, 2013
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Language and Dialects

Surigaonon, Cebuano, Boholano, Tagalog and English are the major languages,
dialects spoken in the province.

(Source: Factboolsurigaodel Norte, 2013

Population and Growth Rate
Based on 2015 NSO survey, the province has a total population of 485,088 with an
annual growth rate of 1.76%(Table 4).

Table4. Population and growthrate
2010 2015
Particulars | District | District | Province | District = District | Province
| Il | Il
Population 110,653 | 331,935 442 588 | 116,587 | 368,501 485,088

Growth Rate 3.33 2.48 2.69 1.07 2.20 1.92
(1995-2000

2007-2010)

Population 176 239 219 185 265 240
Density (per

sq.km.)

No. of| 21,626 | 67,579 89,205 | 24,289 | 79,077 103,366
Households

Sex Ratio (no. 103 103 103 103 103 103
of males per

100 females)

Source: NSO and PPDO

Total Population refers to all persons in the territory at aspecified time. Coverage
includes both national and aliens; native and foreign born persons; internees,
refugees, and any other group physically present within théorders of a country
within a specified time. Table5 shows thetotal population, total land area (has) and
income classn 2015. The province ofSurigao del Norterecorded a total population
of 485,088in the 2015 Census of PopulatiolAmong 21 municipalities, Claver is the
only 2nd classin terms of its income



Table 5. Population and land area pofile

MUNICIPALITY/CITY POPULATION as o| TOTAL LAND | INCOME
AUGUST 1, 2015 AREA (has) CLASS

DISTRICT [Siargao Island) 116,587 62,796
Burgos 4,034 1,948 | 6t class
Dapa 23,787 8,934 | 4t class
Del Carmen 18,392 15,191 | b5thclass
General Luna 16,771 5,551 | b5thclass
Pilar 9,752 5,837 | b5thclass
San Benito 5,404 4,429 | 6thclass
San Isidro 7,325 4,538 | 5thclass
Santa Monica 8,808 3,691 b5thclass
Socorro 22,314 12,677 | 4thclass
DISTRICT I(Mainland) 368,501 138,914
Alegria 16,011 6,752 | 5t class
Bacuag 14,486 8,461 5t class
Claver 32,773 31,534 | 2ndclass
Gigaquit 20,864 13,764 | 4t class
Mainit 26,741 11,425 | 4t class
Malimono 18,054 8,120 | 5thclass
Placer 27,094 6,664 | 4t class
San Francisco 14,552 5,341 5thclass
Sison 13,155 8,247 | 5thclass
Taganaan 16,428 7,917 | 5t class
Tubod 14,206 4572 | 5thclass
Surigao City 154,137 26,117 | 3rdclass
SURIGAO DEL NORTE 485,088 201,710 | 2ndclass

Source: NSO and DENR

Agriculture

Based on production statisticsCalendar year 2017, Coconut has a higiroduction
with 199,839.71 mtwith an area harvested of 60,7290 ha. followed by Palay (Rice)
with 49, 608.00 mt with area harvested recorded of 18,8690 ha (Table 6).

Table 6. Crop production satistics CY 2017

CR® HARVEST AREA (HA.) PRODUCTION (MT)
Palay 18,869.00 49,608.00
Corn 595.00 983.00
Coconut (Copra) 60,729.00 199,839.71
Banana 1,360.00 6,410.00
Abaca 81.00 5.00
Coffee 12.00 3.00
Cacao 70.00 7.00
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Vegetables (All kinds) 119.17 760.69
Rootcrops (All kinds) 584.00 4,362.20
Fruits (All kinds) 1076.00 1,693.12
Watermelon 135.00 1,314.00

Source: Philippine Statistics AuthoritfPSA)
Crop Occurrence Markings . The top 5 commodity of the Province of SDNvere
pinned through google earthand ground validatedwith the partnered LGU in the
province to verify its occurrence in the given location. Figure 4 shows the crop
occurrence markings ofbanana, corn, rice root crops and vegetabl®ice is mostly
grown in all the municipalities as it is the main crop produce in the Province.
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Figure 4. Crop occurrence markings of banana, corn, rice, root crops and vegeta

R.A. 8550 defines fisheries as all activities relating to the act of business of fishing,
culturing, preserving, processing, marketing, developing, conserving and managing
aquatic resources and the fishery areas. Fishing is the activity of taking fishery
species from their wild state. This may include catching or harvesting aquatic
animals other than fish. In the provincemunicipal marine sector has the highest

production with 23, 977.27 mt. (Table 7)

Table 7.Fish production by sctor CY 2016

SECTOR PRODUCTION (MT)
Commercial 2,891.13
Municipal Marine 23,977.27
Municipal Inland 1,075.21
Aqua-Culture 413.64
Seaweeds 501.84
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SourcePhilippine Statistics Authorit PSA)

Livestockis commonly defined aslomesticatedanimalsraised in an agricultural
setting to produce labor andcommodities. The term is sometimes used to refer
solely to those that are bred for consumption, while other times it refers only to
farmed ruminants, such asattle andgoats In the province, there were four 4)
types of livestock raisedTheseinclude Carabao, Cattle, Goat/Sh@eandHog/Swine.
Among the livestock,Hog/Swine has the highesto. of heads raisedhat accounted
to 50,089 heads.

Poultry are domesticatedbirds kept by humans for theireggs their meator
their feathers. Among the poultry products, native chicken has the highesno. of

heads raisedthat reached t0211, 714 heads (Table 8).

Table 8.Livestock and poultry population CY 2016

ANIMAL TYPE NO. OF HEADS TOTAL
Backyard Commercial
Carabao 17,060 no data 17,060
Cattle 2,380 15 2,395
Goat 5,150 no data 5,150
Hog 48,832 1,257 50,089
Chicken
-Broiler 780 no data 780
-Layer no data 20,665 20,665
-Native 211,714 no data 211,714
Duck 15,145 3,460 18,605

SourcePhilippine Statistics Authority PSA)

Education

138,000
136,000
134,000

132,000

Population (No.)

130,000
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/
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>

2017-2018

136,786

Figure 5. Total eroliment (Public & Private Schools)
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In School year2017-2018, the total enroliment for both public and private schools
is 136,786 or an increase of 5,853 from the preceding school ye@igure 5).
Source: DepEdSurigaodel Norte, Siargao and Surigao City Divisions
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Figure 6. Average patrticipation ate (%)

In 2016, the DepEd Divisions have an average participation rate of 96.86% and
67.43% for the elementary and secondary levels respectively, which have slightly
increased from 96.37% and 66.09% from 201%Figure 6).

Source: DepEdSurigaodel Norte,Siargao and Surigao City Divisions
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Figure 7. Malnutrition prevalence rate (%)

The Operation Timbang resulted to the decreased of underweight and severely
underweight pre-schoolers from 9.6% or 3,316 of the total 34,466 in 2015, to 9.3%
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in 2016 or 3,699 of the 39,626 weighed children. The normal weighing children
consists 89% which is the same from 89% in 2018-igure 7).
Source: Provincial Health Office
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Figure 8. No. of hoseholds with basic sanitations

There was a slight decreased in thpercentage of household with access to safe
water and a decrease in the percentage of those with sanitary toilets, satisfactory
disposal of solid wastes and household with complete basic sanitation facilities
(Figure 8).

Source: Provincial Health Office

Economic
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Figure 9. Sources ofricome
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The income of the province has increase by 14.58% withhp 1,205,833,465.87 in
2017 from Php 1,030,000,000.00 in 2016(Figure 9).
Source: Provincial Accounting Office
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Figure 10. Expenditures

4EA DPOIT OE exhédhditdes ganpdyan increase of ip 13,046,409.24 more
than Php772M in 2016 having a total of more tharPhp 785M in 2017 (Figure 10).
Source: Provincial Accounting Office

1.189% .139
0_|l JI,_1 139%

m Personal Services

= Maintenance & Other
Operating Expenses
(MOOE)

= Non-Cash Expenses

Financial Expenses

Figure 11.Expenditure (2017)

Highest utilization of 51.20% went to PersonaServices, 37.34% to Maintenace &
Other Operating Expenses (MOOE), 9.15% for N@ash Expenses, 1.18% Financial
Expenses and 1.13% for the Subsidig&igure 11).

Source: Provincial Accounting Office
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Roads and Bridges

The infrastructure and utilities sector presents the current state of roads and
i £ OEA OEOAI
economic and social growth. Roads and bridges would aid in providing access to

AOEAGCAO AO

T1TA

employment, human capital development and a crcaial contributor in fighting

against poverty. Table 9 shows hat Province of Surigao del Nortehas a total road
network of 640.783 kilometers as of 2018. Approximately49 percent is classified
as national roadand 51 percent is under provincial road.

Table 9.Type of pavements

TYPE OF NATIONAL
PAVEMENT MAINLAND | SIARGAOQSLAND PROVINCIAE
A. ROADS (In Kms) 156.040 160.254 330.489
Concrete 87.180 158.220 202.404
Gravel 68.860 1.814 97.459
Earth no data no data 28.166
Asphalt no data 0.220 0.479
Bridge Length no data no data 1.930
Road Gaps no data no data 0.051
B. BRIDGES (In L.M.) 3,801.650 0.000 1,929.740
Concrete 2,208.870 no data 1,173.030
Steel (Deck Girders) 637.520 no data 351.700
RCBC 955.260 no data no data
Spillway no data no data no data
Timber no data no data 188.210
Bailey no data no data 216.800
FVR no data no data no data

Source: # District DPWH SDN,"2District DPWHDapa SDNPEO SDN

1 1stDistrict DPWH SDN
2 2nd District DPWH Dapa
3 PEO, SDN
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RESULTS AND DISCUSSION
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A Orpecy

Adaptive Capacity (AC) is the property of a system to adjust its characteristics or
behaviour, in order to expand its coping range under existing climateariability, or
future climate conditions. In practical terms, adaptive capacity is the ability to
design and implement effective adaptation strategies, or to react to evolving hazards
and stresses so as to reduce the likelihood of the occurrence and/ore¢lmagnitude

of harmful outcomes resulting from climaterelated hazards. The adaptation process
requires the capacity to learn from previous experiences to cope with current
climate, and to apply these lessons to cope with future climate, including surprise
The AC indicators were clustered into eight (8) capitals such as Economic, Natural,
Social, Human, Health, Physical, Anticipatory and Institutional.

Figure 12 presents the spatial analysis of all capitals as well as the aggregated
adaptive capacityindex for the province of Surigao del NorteData indicatedthat
Surigao Citywas a highly adaptive municipality within the province concerning
economic, natural, socialhealth, human, physical, anticipatory and institutional
capitals. This information implies that this municipality has had great coping
mechanisms or strategies to respond to climateelated hazards. The municipality

of Burgos was found to have the weakest adaptie capacity in terms of economic
(0.00), natural (0.00), health (0.00) and anticipatory (0.08) capital while Sta.
Monica, San Isidroand Bacuag werghe most vulnerable in terms ofsocialresources
with 0.00, 0.07 and 0.09 social capital index respectivelin terms of human capital,
municipalities of Taganaan (0.00), Gigaquit (0.02), Alegria (0.04), San Isidro (0.06),
Claver (0.08), Santa Monica and Sison (0.09), Del Camen (0.10), Tubod (0.12), San
Francisco (0.15), General Luna and Pilar (0.16), Bacu@&@17) and Placer (0.20)
were very low in adaptive capacity. Municipalities of San Benito (0.00), San
Francisco (0.03), Taganaan (0.07), Dapa (0.08) and Alegria (0.09Vere weakest in
terms of physical while Tubod (0.00), Mainit (0.08), San Franciscg0.17) and
General Lung0.17) were weakest in terms ofinstitutional. Overall, results show the
need for the respective local government units (LGUS) to focus on improving their
coping mechanisms by adding or improving their services and interventions itheir
respective communities affected by climateelated pressures
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Figure 12 Adaptive capacity index

Economic capital. Economic capital apprehenddor greater financial asset
means that it has greater ability to recover from potential damage/calamities. It is
typically defined as the difference between the given percentile of a loss distribution
and the expected loss. In the case of Surigael Norte, most municipalities of
Siargao Island including San Francisco, Malimono, Sison, PlacBaganaan and
Gigaquit were observed to be the most vulnerable to climate change in terms of
economic resources while Surigao City was observed to be the most ati#ge with
1.00 economic capital indexFigure 13a). The vulnerability of these municipalities
is likely due to total aea planted and total volumeof production, there is also no
presence of financial institutions/cooperatives as well as ATM machine, low
agriculture minimum wage (Figure 13b). High poverty incidence implies that the
community in general lacks availabity and access to appropriateresources that
may significantly limit the ability of a system to cope with the effects of climate
change and vider developmentpressures (Jone, et.al., 2010).
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Figure 13 Economiccapital map(a) and radar graph (b)

Natural capital . Natural capital includes the land, water and biological
resources that farm householdsuse to generate livelihoods (Ellis 2000). This
includes water source and total agricultural land area. The productivity of land is a
direct measure of one of the most immediate dimensions of natural capital
contributing to the adaptive capacity. It can bemeasured as the biological
productivity of land, availability of water. This is further supported with the trend
observed in SDN whereall municipalities of Siargao including San Francisco,
Taganaan, Placer and Tubodvere found to have the lowes natural capital index.
Meanwhile, Gigaquit and Surigao City were observed to have better adaptatyilin
terms of natural capitalwith 1.00 and 0.84 capital index, respectivelyFigure 14a).
This is because Gigaquit and Surigao City were both have better irrigat system
and larger agricultural area. It is a common knowledge that access to irrigation
system facilitated good productivity thus, enabling the ability of a system to cope
with the effects of climate changd€Figure 14b).
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Figure 14. Natural capital map(a) and radar graph (b)

Social capital. Socialcapital is the collaboration and social relationship in
the community and relationships between individuals. Social assets are claims on
others which individuals and households can draw on by virtue of belonging to
social groups. In general, stocks of social capital refer to the varying degrees of
inclusiveness in society at lege. There is growing recognition of the untapped
capacity and talents ofwomenh A x 1 I AT 6 O (Pepkra,20A8D Wdirerband
AAOI AO cOiT 6O PI AU Ei Pi OOAT O OT 1T A ET AT EAT A
to climate change. The study of Muthoni and Whui (2013) indicated that the role
of women extends from family units to the community level where they contribute
in all the major spontaneous and planned strategies that the village has taken up in
response to a changing climate among other driverdlemA AOOEED O A /EAO
organization is another subindicator of information resource. Affiliations to social
groups provide farmers access to useful information for climate change adaptation
that may be exclusively available only to group members. Group mé&ership can
also be a significant avenue for knowledge sharing among farmers about effective
adaptation practices.These indicators are the very reason whypapa (1.00), Placer



and Tubod (0.95), Surigao City (0.92) and Alegria (0.6 Have better social capal
index over all other municipalities especially Mainit(0.18), General Luna (0.13),
Bacuag(0.09), San Isidro(0.07) and Santa Monica (0.00YFigure 15a). This is likely
due to the fact that involvement of women in the government decisiemakings as
well as presence of more farmer associations in their locality and higher percentage
of farmers who are member of groups and/or associations areoasistently observe

in these municipalities (Figure 15b).
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Figure 15. Social capital maga) and radar graph (b)

Human capital. Human capital has also been identified as a critical
determinant of adaptive capacity and behavior as it captures the inherent adaptive
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capacity of the vulnerable population. Generally, it is viewed that more educated
households have better access to infonation and technologies and are better able
to exploit these resources in adapting to climate chang@&he study of Wamsler et al.
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capacities found that respondents with lower edcation were more likely to see
their surroundings as risk free, whereas those with higher education were more
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decreases with increase in both literacy levels and expenditure on education.
Variables that contributed to human capital strength of a community such as literacy
rate, ratio of school teacher to students, total number of secondary schopl®tal
number of tertiary schools, and total number of technical vocational schools were
considered in this analysis. Results indicated th&urigao City being the capital was
found to have hgh human capital indexon the other end all the rest of the
municipalities were in low and very low range(Figure 16a). Surigao Cityhad the
most number of technical vocational schools, tertiary school, has high ratio of
teachers to students, and has good literacy rate hence, found to be highly adaptable
in terms of human capital since overall investment in education is mostly
concentrated inSurigao Cityas compared to other municipalities(Figure 16b).
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Figure 16. Human capitalmap (a) and radar graph (b)

Health capital. Health capital and adaptive capacity are interlinked. High
nutrition status and overall health of the population is a main determining factor of
climate vulnerability. Poor nutrition can result in diminished productivity, which in
turns lowers the adaptive capacity of the entire communityThe same case was
observed in SDNas those municipalities with high nutrition rate are generally the
ones who are highly adaptable in terms of health resourcesor example, the
municipalities of Surigao City(1.00), Claver(0.83), Tubod (0.78) and Mainit (0.75)
were observed to have high nutrition, giverthe fact that theywere also the ones
with most number of health services and healttprofessionals. As a result, these
municipalities turned out to be the topfour adaptable municipalities in terms of
health resources whileGeneral Luna (0.16), San Isidro and Malimono (0.12) and
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Figure 17. Health capital map(a) and radar graph (b)

Burgos (0.00) were theweakest municipalities when it comes to adaptability with
respect to health resources(Figure 17a). Enabling wide access to healthy and
nutritious food as well as access to health insurance and services makes the
population more resilient to climate change Thus, accounting for health capital in
measuring the adaptive capacity of a system is significant and necessdRigure
17b).

Physical capital . Physical resources refer to capital created by economic
production processes, such as roads, machinery, arabts (Ellis, 2000).The physical
resources subindicators such asfarm size, farm ownership, irrigation source, and
number of farm implements and livestock owned, household water and electric
services are considered to have significant role in the adaptivapacity of a system
or community. For instance, &rm ownership allows owners some privileges to farm
infrastructure such as construction of shallow tube wells which is not allowed for
non-owners (Eakin and BojorquezTapia, 2008). This enables farm ownersto
combine a set of physical resources such as irrigation and farm tenure to carry out
strategies to adapt to climate changeThus, it is assumed that adaptive capacity
increases with increase number of the aforementioned resources. Data gatbd in
SDN irdicated that Surigao City(1.00) is highly adaptable to climate change in terms
of physical capital followed by Mainit(0.87). It was observed that the municipalities
of Del Carmen (0.20), Placer, Gigaquit and Socorro (0.15), Santa Monica (0.13),
Alegria (0.09), Dapa and Claver (0.08), Tagaran (0.07), San Francisco (0.03) and
San Benito (0.00)were the most vulnerable to climate change with respect to
physical resources (Figue 18a). This is likely since these municipalitiebas the least
number of livestock owned, least percentage of households with potable water
services, has least total length of concrete roads, and low percentage of irtige
agricultural area (Figure 1&).

Santa Iﬁnica (a)

0 5 10 20




ALEGRIA

TUBOD BACUAG (b )
veryHigh /|
BURGOS Legend

0% of farmers owning their Agricultural Production Land

TAGANAAN

SURIGAO CITY (Capital) CLAVER

Farm Size (ha) average
D Total Livestock (Cattle)

SOCORRO DAPA

O Total Livestock (Carabao)

[ Total Livestock (Swine)

SISON DEL CARMEN

O Total Livestock (Goat)

O Total Livestock (Poultry)

SANTA MONICA GENERAL LUNA

0% of agricultural area irrigated
D Total length of concrete roads (km)

SAN ISIDRO GIGAQUIT

1% of Agricultural Land with access to FMR

SAN FRANCISCO (ANAO-AON) MAINIT 0% of households with water services
U % of households with electric services
SAN BENITO MALIMONO

PLACER PILAR

Figure 18 Physicalcapital map(a) and radar graph (b)

Anticipatory capital . Kellet and Peters (2014)define anticipatory capacity
as the ability of social system to anticipate and reduce the impact of climate
variability and extremes through preparedness and planning. It is seen in proactive
action before foreseen event to avoid upheaval, either by avoiding or reducing
exposure or by mnimizing vulnerability to specific hazards. The subindicators of
information resources include training on farming, technical assistance from the
Ci OAOT 1 AT Oh DPAOOEAEDPAOEIT ET EAOI AOOG
climate information. Theseare the avenues by which farmercan derive pertinent
information that strengthen their ability to adapt to climate change, either directly
from training, sources of climate information, or indirectly through interactions and
knowledge-sharing with other farmers. As for the data gathered in SDN, it was
observed that Surigao City (1.00) was the most adaptable
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Figure 19.Anticipatory capital map (a) and radar graph (b), 2019

to climate change in terms of anticipatoryresourcesfollowed by Bacuag with 0.68
anticipatory index (Figure 19a). This is expected since being the capital
municipality, it is the number one recipient of climatechange related trainings and
100% their population already have access to information wdalities such as mobile
phones, televisions, radio, and internet. Municipalities of San Isidri®.16), Burgos
(0.08) and Socorro (0.00)on the other hand were found to have the lowest adaptive
capacity in terms of anticipatory resources due to quite low mmber of registered
MDRRMC trainings and low percentage of population with access to mobile phones,
televisions, radio and internet (Figure 19b).
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Institutional capital . An area with well-developed social institutions is
typically better able to respond to changing environment than those with less
effective social institutions.For instance, those municipalities with more number of
AEWSs will have better services of providig technical assistance to the community
in terms of farming practices that are adaptable to climate change. Equally, this will
OOAT 01 AGA O1 AAOOAO MEOANOGAT AU 1T &£ AlT1 0601 OAC
resulting to enhanced overall adaptive capaajt of the farmers. Surigao City (1.00)
and Alegria(0.67) were found to have the strongest adaptive capacity in terms of
institutional capital while San Francisco and General Luna (0.17), Mainit (0.08) and
Tubod (0.00) were the weakest (Figure 2@). Poor adaptive capacity of these
municipalities when it comes to institutional capital is mainly due to their low
number of AEWSs relative to the other municipalities as well as low percentage of
farmers visiting to the Municipal Agriculture Office (MAO) or consiting with the
technician. Strong networks with the AEV& suggess better adaptive capacityof the
system to respond to the challenges of changing circumstances. However, weak links
among these institutions implies poor adoption of climatesmart practices thus,
constrain adaptive capacity and increasgulnerability (Figure 20b).
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Figure 20. Institutional capital map (a) and radar graph (b)
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This section presents the climatic suitability of the selected priority crops in
the province of Surigao del Norte (i.e. rice, corn, banana, vegetable, and root crops)
by the year 2050 through climate modeling and use of species distributio@hange
in suitability of crops of future and present will also be evaluated to five priority
commodity of Surigao del Norte namely; Banana, Corn, Rice, Rootcrops and
Vegetable crop. Thorough analysis of the results resked that this crop losses its
suitablity in Placer, Tubod, Bacuag as well as Alegria, Gigaquit, and Claver. In
contrast, the neighboring areas of the saidmunicipalities losses its suitability
among21 areas of Surigao del Norte.

Rice. The alverse effect d climate change wasnainly on the municipalities
of Siargao Islands.Present situation shows (Figure 2&) that municipalities in
Siargao are highly suitable butlosses its climatic suitability in the year 2050.
Surigao City maintains its suitabilityof rice in the upcoming years (Figure 2b). As
a whole it impliesthat suitability of rice lossesin the municipalities of Santa Monica,
Burgos, San Benito, San Isidro Rilar (Figure 21c).
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Figure 21. Sensitivity index map of rice in present 2019 (a) and future 2050 (b) a

sensitivity index (c)

Corn. Corn is another important cereal crop in the Philippines. It is one of the
primary commodity of Surigaodel Norte Province as wellother regions of Caraga.
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The Islands of Siargao and the north western part of Surigao del Norte particularly
Surigao City and Sison have high suitability for corn currently (Figure 22a).
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climatic suitability for corn in the year 2050 (Figure 22b). As a wholethe map shows
that the province of Surigao del Norteespecially in the muncipalities of San Isidro,
Del Carmen, Pilar, Dapa and General Luna of Siargao Islands losses its clonati
suitability of corn (Figure 22c) in the upcoming years

Banana. Suitability of banana s high in the north western and north eastern
part of Surigao del Norte (Figure 23a)Siargao Islands and in ClaverGigaquit and
Alegriahave great influence to sensitivity (not suitable) fobanana in the year 2050.
While in the north western part of Suigao del Norte, particularly in upper part of
Surigao City have gaining climatic suitability for banana in the year 205@Figure
23Db). As a wholethe map shows that theprovince of Surigao del Nortes losing the
climatic suitability particularly in the municipalities of Placer, Tubod,Bacuag

Alegria and Gigaquit (Figure 23c).
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Root crops. The north western and southern part of Surigao del Norteand
Siargao Islands have a high climatic suitability of root crops (Figure 24a) bixave
great influence b sensitivity (not suitable) in the year 2050. Surigao City and some
parts of Sin maintained its suitability for root crops in the future (Figure 24b).As
a wholethe map shows that theprovince of Surigao del Norteespecially in Siargao
Island islosing the climatic suitability for root crops in the year2050 (Figure 24c).
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Figure 24. Sensitivity index map of root cropsin present 2019 (a) and future 205(
(b) and sensitivity index(c)

Vegetables. The north eastern part of Surigao del Norte and northern part
of Siargao Island are highly suitable for vegetables (Figure 258he south eastern
part of Surigaodel Norte, particularly in Socorrq Dapa, Gigaquit andlaverwere
highly affectedto sensitivity for vegetable but Surigao City and some part of Sison
and Taganaan have a gaining suitability of vegetables in the year 2058s a whole
it implies that the province of Surigao del Norte losesthe climatic suitability in all
municipalities of Siagao Islandsincluding Taganaan & Bacuag (Figure 25c).
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Hazard is a source or a situation with the potential for harm in terms of human injury
or ill-health, damage to property, damage to the environment, or combination of
these (dmp.wa.gov.au). Based on consultation and briefing conducted last August
2019at DOECAT #EOU xEOE OEA DPOT EAAO PAOOT AOO |
Surigao del Norte eight (8) hazards were identified for the said province, these are
tropical cyclone (TC), flood (FId), landslide (LS), erosion (Ero), saltwater intrusion
(SWI), *a level rise (SLR)drought (DRT) andstorm surge (SS)(Figure 42). All
hazard data were sourceebut from the International Center for Tropical Agriculture
(CIAT), an authorized data provider The combination of these all natural hazards
had been used testimate the extent each municipality of the said province by using
its hazard weights (Arief& Francisco; 2009)

Hazard weights were generated through group discussion represented by the
AGPAOOO EOI i OEA AEEEAOAT 6 3 Ouifghhe §roug OA OOE OF
discussion the following criteria were identified: (1) probability of occurrence; (2)
impact to National Economy; (3) impact to food security of the Country; (4) impact
of local household income; and (5) impact to key natural resources tsustain
productivity (i.e., water quality & quantity, biodiversity, soil fertility). The hazard
weighted sum was used to develop the hazard index for each island gro(lpizon,
Visayas and Mindanao)Among the twenty one municipalities/city, only Del Carmen
(Figure 26) has a very high exposure to hazardsFour hazards in the said
municipality were identified namely: tropical cyclone (Figure 27), salt water
intrusion (Figure 28a), storm surge (Figure 2&) and sea level rise (Figure 28). In
the same manner,n the north eastern part of Surigao del Norte, particularly the
municipalities of Siargao Islands including Socorro and Surigao City have a very high
incidence to tropical cycloneas these municipalities are facing the open sem the
western part, San Fanciscoand Malimono have high exposure to land slid€Figure
29a) including Claver in the southen part of the province. In terms of the risk of saill
erosion (Figure 29b), the following municipalities namely: Alegria, Claver, San
Francisco and Socorro has high incidence of soil erosion On the other handTubod,
San Benito, San Isidro, Pilar, Del Carmen, Dapa and General Larsaamongthe
municipalities that have low exposure to theaforementioned hazards Municipality

of Del Carmen have moderate incidere to flood (Figure 29c). Map of Drought
Hazard Indexin Surigaodel Norte, shows that all municipalities have a very low
incidence to drought(Figure 30).
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Figure 26. Hazardindex map (a) andradar graph (b)
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Figure 27. Hazardindex map of tropical cyclone
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