Strengthening Adaptive Capacities to the Impacts of
Climate Change in Resource-poor Small-scale
Aquaculture and Aquatic Resources-dependent Sector
in the South and South-east Asian Region
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APN tasks

 Choice of Climate Model and scenario

« Use the model outputs to predict future climate in 2020 and
2050

« Assist with the development of the methodology

« Undertake productivity and environmental impact analysis
of the data

« Estimate resource use, GHG emissions and potential for
mitigation
 Facilitate in workshops

* Prepare adaptation guidelines aimed at Farmers, NGOs
and Local Government ‘

* Training materials




Climate model, scenario and future climate

Undertake a review of the different models and
scenarios. Give recommendations on the most
appropriate to use (cost, accuracy, data availability,
etc)

Collect climate change prediction assessments for
2020 and 2050 (Rainfall changes, temperature
rises, sea level rises, etc)

Enter data into GIS database and analyse

Assist the scenario development for 2020 and
2050 for impacts to each selected culture system




Production and environment analysis

» Undertake a review on how the main culture
systems might be affected by climate change (Fish
cages, fish pens, fish/shrimp ponds, mollusc
trestles/rafts/longlines, seaweed culture)

« Conduct environmental, technological and
production analyses of culture systems in the case
study areas

« Synthesize the enviro/techno/production case
study results




Resource use and GHG emissions

 Assist with the analysis of resource use and GHG
production by the different culture systems

» Assist in developing best practice guidelines for
minimising GHGs and improving carbon
seguestration




APN Activities and outputs

Prepare background material for developing
potential adaptive solutions for the main culture
systems studied

Participate in relevant national and international
workshops,

Write manuals, best practices and articles aimed at
the farmer level

Prepare versions of the policy briefs as a series of
guidelines adapted for local government use

Contribute to preparing manuals, best practices
and articles aimed at the NGOs




Initial T'asks

« Select climate change model most suitable for
aquaculture in Asia

 Select model scenario Al1. A2. B1. B2

» Select scenario dates (2020, 2050 and 20807?)




Many different models using same forcing but giving
different predictions
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A scenarios

e very rapid economic growth,
« global population that peaks in mid-century and declines thereatfter,
« rapid introduction of new and more efficient technologies.

- Convergence among regions, capacity-building, and increased cultural and
social interactions,

« substantial reduction in regional differences in per capita income.

« avery heterogeneous world.
» self-reliance and preservation of local identities.

« Fertility patterns across regions converge very slowly, which results in
continuously increasing population.

« Economic development is primarily regionally oriented

* per capita economic growth and technological change more fragmented and
slower than other storylines.
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B scenarios

Bl
e aconvergent world,
« global population peaks in mid-century and declines thereafter,

« rapid change in economic structures toward a service and information
economy,

« reductions in material intensity and the introduction of clean and resource-
efficient technologies.

 Global solutions to economic, social and environmental sustainability,
including improved equity,
- without additional climate initiatives.

« local solutions to economic, social and environmental sustainability.
* Increasing global population, at a rate lower than A2,
« Intermediate levels of economic development, 1

» less rapid and more diverse technological change than in the B1 and Al
storylines.

« oriented towards environmental protection and social equity




Scenarios

Choice of A2 Scenario

Business as usual

Global integration

Akvanian

Economic emphasis

A1 storyline

World: market-oriented

Economy: fastest per capita growth
Population: 2050 peak, then decline
Governance: strong regional
interactions; income convergence
Jechnology: three scenario groups:
« ATFI: fossikintensive

* A1T: non-fossil energy sources

* A1B: balanced across all sources

A2 storyline

World: differentiated

Economy: regionally oriented,;
lowest per capita growth
Population: continuously increasing
Governance: self-reliance with
preservation of local identities
Technology: slowest and most
fragmented development

B1 storyline

World: convergent
Economy: service and information-

based; lower growth than A1
Population: same as A1

Governance: global solutions to
economic, social and environmental

sustainability

Technology: clean and resource=

efficient

B2 storyline

World: local solutions

Economy: intermediate growth
Population: continuously increasing
at lower rate than A2

Goverpnance: local and regional
solutions to environmental
protection and social eguity

Technology: more rapid than A2,

less rapid, more diverse than A1/B1

Environmental emphasis
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Variation based on different scenarios

Multi-model Averages and Assessed Ranges for Surface Warming
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Development of methodologies — data collection

« Farmer Focus Group meetings
— Crop calendars
— Seasonal calendars
— Risk assessment

« Stakeholder workshops

— Farmers
— Science and Technology
— Institutions

« Stakeholder panel consulation
* Questionnaire development and implementation
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Focus group meetings discussions

A focus group of 8 - 10 farmers’ selected (through
stratified random sampling) who represent fish
farmers in different locations of the study area, from
different age groups (with varied experience in
farming) and owning farms of different sizes.

The meetings take place close to the farms in their | . .
: Farmer focus group discussions
own setting Dumangas, Philippines

The aim is to

 identify their perceptions of climate change
« Develop crop calendars

« Seasonal calendars

. _Undertake risk assessment of the climate Farmerfocus aroup LS
Impacts Gullalamoda, India




 To evaluate the climate

Objectives

* To identify periods of stress,
hazards, stocking, harvesting,
diseases, vulnerability, etc.

TO underStand IiVeIihOOdS and Seasonal and crop calendar
C0p|ng Strateg|es Dumangas, Philippines

To analyze changes in
seasonal activities

Information for planning
potential avoidance of risk _B

' Seasonal and crop calendar
pe”OdS Ca Mao, Vietnam ‘s,k."..-; »:4
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Risk assessment

* Risk — The chance of something happening that will have an impact
upon successful commercial production. It is measured in terms of
consequence and likelihood;

« Consequence — The outcome or impact of an event expressed
guantitatively, ranging from 5. Catastrophic to 1. insignificant or positive;

« Likelihood — Used as a general description of probability or frequency.
Can be expressed quantitatively from 5. Almost certain to 1. Rare;

Consequence

Likelihood 1. Insignificant | 2. Minor 3. Moderate

5. Catastrophic

. 5 = Medium 10 = Medium | 15 = High
5. Almost Certain

4. Likely 8 = Medium 12 = High 16 = High |
3. Possible 6 = Medium | 9 = Medium 12 = High 15 = High |

E
2. Unlikely 6 = Medium | 8 =Medium | 10 =Medium |

1. Rare 5 = Medium
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Stakehbldérl workshops

Stakeholder workshop format

« Divide the participants into 3 groups
— Farmers
— Scientists and Academics

— Representitives from Institutions,
Government, NGQOs, etc

« Ask participants to subdivide into groups of 3

« Ask participants to discuss issues together
and form a consensus and write 6 to 8 works
on a card

« Ask aleader from each sub group to explain
the issue to all the others in a group

 Place the card on the wall and start to cluster
Issues

¥ ; \\\

Stakeholder workshop, Can Tho,
Vietnam
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Stake hbldélr workshop - process

Step 1. CC Issue identification: Identify/define climate change
(based on personal experience or observation) and cluster
them

Step 2. Rank the CC in terms of impact

Step 3. Identify the issues and impacts related to the main
observed CCs

Step 4. Identify potential adaptation measures to the main
Impacts (existing or ways on how to address)

Step 5. Identify the responsible agency that can implement the
mitigating measures

Step 6. Estimate the time required to impment the measures
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» Develop a 10 page questionnaire = —
for each case study =

« Test questionnaire on a small B
sample and revise e

HMumber of household members who earn income:

B Raspondent’s main oooupatian (Dassd on time spant]

« Undertake questionnaire interviews  rFie————r=

ming;:

{13 Trading: { 14 Hired tnour:

| 13 Uvestom raising: | ]s.others: specty; PHP/Year
O I l arl I IS A10 | Number of years in milkfish Ssnm of respandent:

211 | Lewel of education of the nespandent

[ ]1-Motomal schociing () 2. Elementary e | 13 Elementary graduate

— Farmer and farm information e e e,
— GPS reading |
— Socio-economic information
— Farm productivity information
— Economic information

— Perception of climate change and
Impacts
— Facilitating and enabling agencies

Testing the questionnaire,
Vietnam e,
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Analysis of information

« Stakeholder analysis
— Primary and secondary stakeholders
— Importance and influence
* Institutional analysis
« Importance and influence
e Future predicted climate change 2020 and 2050
— Temperature
— Rainfall, river flow
— Sea level change

« Stakeholder workshop on future scenarios




Institutional Mapping and Analysis

NSTTUTION oo

- |dentification of Institutions play a %{'w_#? |
critical role in supporting or g IS
constraining people’s capacity to -‘Z:::;W sz 3: /|
adapt to climate change. el G 5[5

» Assess the importance and influence Casenad >z
of each institution B Fistaoff [ 5] 57-

* This was undertaken to better e slo
understand which institutions are most 'F?ﬁitl‘ig;‘iﬁg";" argyshs,
iImportant and effective to the farmers s |
and could assist in implementing \q |
adaptation measures. N o

§2 £ | a8




Stakehbldef mapping and analysis
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|dentification of stakeholders (person or
organization) who can be positively or
negatively impacted by, or cause an impact.

Types of stakeholders are:

— Primary stakeholders : are those ultimately
affected, either positively or negatively by
corporation's actions.

— Secondary stakeholders : are the
‘intermediaries’, that is, persons or
organizations who are indirectly affected by
corporation's actions.

« Key stakeholders : (who can also belong
to the first two groups) have significant
iInfluence or importance.

Stakeholder mapping and
analysis, Philippines
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Stakehdldef panel

» A stakeholder panel is a method that enables
stakeholder integration in a project. It provides a
platform for active consultation process to provide
feedback on the project results, help in developing
scenarios and adaptation measures, and assist in
networking with other stakeholders whenever
needed

* The project established a "stakeholder panel”
comprised of 8 representatives from key
stakeholders such as farmers, community groups,
local fisheries departments and policy makers.




Stakehdldef panel

* These processes were two-way and continued

throughout the project period to ensure
participation, deliberation, and dialogue based on
ocal knowledge and experience

* |t also assisted with the dissemination of
Information and results to stakeholders and

managers at all levels within the selected case
study areas.




APN main activities and outputs

e Back ground analysis of climate change and
aquaculture impact

 Climate model and scenario selection

* Global warming potential and resource use by the
case study culture systems
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Back gr'ound analysis of climate change and
aguaculture impact
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Potential impacts of Climate Change on aquaculture...........ccccovieeiiie s,
Climate change challenges to aquaculture and fisheries
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Strengthening Adaptive Capacities to the Impacts of Climate Change in Resource
poor Small-scale Aquaculture and Aquatic resources-dependent Sector in the South

and South-east Asian Region - AquaClimate
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Climate model Data Availability
WORLDCLIM

Future climate data download

IPPC 3rd Assessment data. Future climate projections, calibrated and statistically downscaled using the WorldClim data for 'current' conditions

Download projected future climate by climate model (e.g. CCCMA), emission scenario (e.g. a2a), year (e.g. 2050) and spatial resolution (e.c
in generic grid format format

CCCMA

a2a b2a
30 arc-seconds (~1 km)
2020: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18
2050: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18 .
2080: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18 1 km resolution

2.5 arc-minutes

2020: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18

2050: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18 .
2080: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18 5 km resolution
5 arc-minutes

2020: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18

2050: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18 :
2080: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18 10 km reSOIUtlon
10 arc-minutes

2020: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18 20 km reso|ution
2050: tmin tmax prec bio 1-9 10-18 tmin tmax prec bio 1-9 10-18
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Predicted future climate change

The output from the climate model and scenario was used to
predicted future Climate Change for the 4 case study areas for
the time scales Present, 2020 and 2050.

Climate changes that were considered included,;

« Temperature increase and seasonal patterns
— minimum average monthly temperature
— maximum average monthly temperature

Precipitation change and patterns for the
— Municipalities indicating precipitation at the farm ponds
— River water shed area indicating potential change in river flows '

Sea Level Rise

Storm surge risk
Tidal fluctuation cycles




Temperature

Temperature predictions for Tropical Asia (IPCC)

According to IPCC analysis for tropical Asia,
temperature scenarios suggest that temperature
would increase although the amount of warming Is
projected to be less than the global average.

|
t
t

PCC also predict that there will be differences within
ne region, depending on proximity to the sea and

nat warming is projected to be least in the islands

and coastal areas.
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Temperature — Average monthly minimum
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Temperature — Average monthly minimum

The fish and shrimp will benefit from warmer
temperatures leading to improved growth rate,
Improved pond productivity for fish and shrimp and
reduced white spot disease outbreaks for shrimp
during the colder seasons.
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‘emperature — Average monthly maximum
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Temperature — Average monthly maximum

The consequence of this predicted temperature increase in
2020 will be that the maximum monthly mean temperature will
be around 0. 5 °C higher in the peak temperature month of
May and in 2050 will be 1.5 °C higher.

The present peak maximum monthly temperature will be
prolonged for 2 - 3 months by 2020 and reaching and 4 — 5
months by 2050 which may be close to the highest
temperature tolerance.

This could cause thermal stress for the fish and shrimp at
peak maximum temperatures as well as low water oxygen
levels and possible impact to pond productivity.
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Precipitation — Average monthly in river shed
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Precipitation — Average monthly in river shed

Mekong Basin Hydropower
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Precipitation

— Average monthly in case study areas
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Precipitation — Average monthly in case study areas

* Predicted future rains are either earlier (India) or
heavier (Philippines).

* Generally total rainfall will be similar but rainfall is
expected to be heavier when It occurs
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Storm surge predictions

Storm surge is water that is pushed toward the shore by the
force of the winds swirling around the storm. This advancing
surge can combine with the normal tides to create the storm
tide, which can dramatically increase the mean water level.
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Ocean acidification

Continuing Carbon emission from the burning of fossil fuel for
electricity production and for transport will be taken up Iin
Increasing amounts by the ocean leading to increased
acidification and decrease in pH.

84 1

8.3 :\
- P sEin DT T L

I g l2000

Q .
794 Oceanic pH ! 2050

7.8 1 * 2100
7.7

76

-25 -20 -15 -10 -5 0 5
time (million years before present)
arine pH. Future predictions are model derived values based !

It IS predicted that ocean pH will be below 8 by 2020 and close
to 7.9 by 2050. At pH of 7.8 coral, molluscs, and plankton

production will be greatly affected and shrimp larval ,
development delayed. R d




Sea level rise

Sea-level IPCC AR4
rise (m) (90% confidence limits)
+0.8 _
-~ |IPCC 2001 Third Assessment
Report projections model projections,
including lce sheet
dynamic processes
+0.6 -
0.06 Tide gauge
observations
0.04 —~ Satellite P -~
observations
+0.4 0.02 e quel
IPCC TAR > _— | projec-
0 projections o — | tions
1990 1995 2000 2005 —
/
+0.2
+0.0
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Sea level rise

n 2001 the IPCC made predictions for projected sea
evel rise for the various SRES scenarios with a
orediction for A2 scenario of 6 cm rise by 2020 and
18 cm rise by 2050.

However the measured changes are following the
most pessimistic predictions and if this continues,
then the sea level rise will be 12 cm rise by 2020, 30
cm rise by 2050 and close to a meter by 2100.

In addition there are some regional differences in sea
level rise. Vg
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Sea level rise

The coastal ponds in located close to sea level are
prone to flooding from the increase in river height
(Philippines) and storm surge exasperated by sea
level rise and increased severity and frequency of
storms.




Elevation
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Typhoon patterns

The IPCC (IPCC2007) declared that it was difficult to predict
future change in typhoon frequency, path and intensity.
However recent studies indicate that the maximum potential
Intensities of cyclones will remain the same or undergo a
modest increase of up to 10-20%.
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Extreme events

The IPCC predict that there will be increasing
frequency and intensity of extreme events particularly

 droughts during the summer months and EIl Nifo
events,

* |ncrease In extreme rainfall and winds associated
with Typhoons,

 Intense rainfall events causing severe floods

* heat waves/hot spells in summer of longer
duration, more intense and more frequent.




Extreme events

« Small-scale fish and shrimp farmers have had to
endure occasional extreme events in the past but
Increasing frequency and increasing severity place
great strain on the farm resources to recover.

* The farmers need to be supported by calamity
Insurance for such events that are declared a
disaster.
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Global warming potential and resource use

Analysis of

* Global Warming Potential (kg Co2 equivalents)
« Eutrophication potential (kg PO43- equivalents)
« Fish oil and fish meal resource use (FI:FO ratio)




Global arming Potential

Global Warming Potential

India Shrimp 4,692.31
Philippines 0.84
VN Catfish 1,160.56
VN Shrimp 153.51

Global Warming Potential (kg CoZ2e)
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Global arming Potential

B

kg CO,e/ton fish Milk fish (Philippines) kg CO2e/ton shrimp Shrimp (India)
7 4,000
6 3,500
s 3.000 -
2,500 -
4 - u Energ_v lEnergy
# Chemical 2,000 - # Chemical
3 ® Feed ® Feed
1.500 -
2
1,000 -
} 500
0 - 0
Farm Farm
kg CO2e/ton shrimp Shrimp (Vietnam) kg CO2¢/ton fish Pangasius (Viet nam)
180 1,330 -
160 1325 -
0 | 1320
1315
120
1310 -
100 | = Energy  Energy
u Chemical 1,305 - ® Chemical
80 - B Feed
1300 = Feed
60 1 1,295 - v
40 - 1290 -
20 - 1,285
0 - 1,280 +
Farm
N A -
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'Comparison with other sectors

kg CO,e/ton
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Chinese French trout Indian shrimp  Canadian Norwegian Indonesian  Thai tilapia Vietnamese Filipino
shrimp salmon salmon tilapia pangasius milkfish
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Eutropication potential

Nutrient release from water effluent and sludge disposal

Eutrophication Potential (kg PO43- eq.)
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Case study culture system FIFO
Shrimp pond culture, India 1.23
Pangasius pond culture, Vietnam 0.28
Shrimp pond culture, Vietham 0.07
Milkfish pond culture, Philippines 0.00
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Water resource use

Case study culture system
Shrimp pond culture, Vietnam
Shrimp pond culture, India
Milkfish pond culture, Philippines
Pangasius pond culture, Vietnam

m3/t
47,500
33,155
8,010
1,327
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Water resource use comparison

Case study culture system

Shrimp pond culture, Vietnam
Beef

Shrimp pond culture, India
Pork

Milkfish pond culture, Philippines
Pork

Chicken

Broiler Chickens

Egg production

Milk production

Pangasius pond culture, Vietnam

m3/t

47,500
15,000 -43,000

33,155
10,000

8,010
6,000
4,000
3,500
2,700
2,700

1,327

AquaClimate

Sm|I§2008) Pimentel and Pimentel
200

AquaClimate

Smil (2008)

AquaClimate

Pimentel and Pimentel (2003)
Smil (2008)

Pimentel and Pimentel (2003)
Verdegem et al. (2006)
Verdegem et al. (2006)

AquaClimate
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esource use

Case study culture system
Shrimp pond culture, Vietnam
Shrimp pond culture, India
Milkfish pond culture, Philippines

Pangasius pond culture, Vietnam

m?2/t
80,594
14,095

2,339

24.16
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Energy resource use

Case study culture system
Shrimp pond culture, India
Pangasius pond culture, Vietham
Shrimp pond culture, Vietnam
Milkfish pond culture, Philippines

MJ/t
57,718
1,287
517
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Energy resource use comparison

Case study culture system
Shrimp pond culture, India

Norwegian Chicken
Swedish Beef

Pangasius pond culture, Vietnam

Shrimp pond culture, Vietnam

Milkfish pond culture, Philippines

MJ/t
57,718
55,000

33,000
1,287

517

Reference
AquaClimate

Munkung and Gheewala,
2007

Munkung and Gheewala,
2007

AquaClimate

AquaClimate

AquaClimate




Policy Briefs

* For Policy makers to make
well-informed decisions, they
rely on short, tightly written
briefs that quickly and
cogently relay the important
policy facts, questions, and
arguments about an issue.

* The policy brief advances a
persuasive argument in a
concise, clearly organized
fashion and concludes with
policy recommendations

funding support in the event of losses, training and supporting small
scale farmers with necessary resources.
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Sciencé and Technology Briefs

« Scientific research and technology QM
development can play a strong
role to support farmers in
developing new adaptation
measures to predicted future

climate change.
« This includes research on subjects

Issue No. 2

such as the effect of temperature et i iy g
on breeding and fry fitness and the i i i s

capability to cope with these changes or to implement

selective breeding of temperature
tolerant stains, research on the
effect on pond primary productivity
and the biological control of snails
In the ponds
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Farmer briefs

AQUACLIMATE c‘;::y:: resiience mn ﬂunam::::ge and

« Farmers are already dealing with e
Climate Change and adapting the
farming method and technology to the
new Climate.

« However, climate changes will be
come stronger and more extreme in . A
the future. e e

westher pallemns, incressed frequency and strength of
storms, incressed and unprediclable rainall. They heve low

capmdility Lo cope with these chenges or Io implerment

« These briefs recommend the S e

{0 make the necessary adaptation messures lo cope wilh
the predicled climate changes. They also ne=d support from

adaptation measures that the farmer e

implermentad by local and provincial governments.

can take in the future to cope with the |
predicted future climate.




