Appendix 1

Federated States of Micronesia —
Climate Risk Profile
Summary

T

he likelihood (i.e., probability) components
of climate-related risks in the Federated
States of Micronesia (FSM) are evaluated, for
both present-day and future conditions.
Changes over time reflect the influence of global
warming.
The risks evaluated are extreme rainfall events
(both hourly and daily), drought, high sea levels,
strong winds, and extreme high air temperatures.
Projections of future climate-related risk are
based on the output of global climate models, for
given emission scenarios and model sensitivity.
With the exception of maximum wind speed,
projections of all the likelihood components of
climate-related risk show marked increases as a
result of global warming.

A. Introduction
Formally, risk is the product of the consequence
of an event or happening and the likelihood (i.e.,
probability) of that event taking place.
While the consequence component of a
climate-related risk will be site or sector specific, in
general the likelihood component of a climaterelated risk will be applicable over a larger
geographical area and to many sectors. This is due
to the spatial scale and pervasive nature of weather
and climate. Thus the likelihood of, say, an extreme
event or climate anomaly is often evaluated for a
country, state, small island, or similar geographical
unit. While the likelihood may well be within a given

unit, information is often insufficient to assess this
spatial variability, or the variations are judged to be
of low practical significance.
The following climate conditions are considered to be among the potential sources of risk:
•
•
•
•
•

extreme rainfall events,
drought,
high sea levels,
strong winds, and
extreme high air temperatures.

B. Methods
Preparation of a climate risk profile for a given
geographical unit involves an evaluation of current
likelihoods of all relevant climate-related risks,
based on observed and other pertinent data.
Climate change scenarios are used to develop
projections of how the likelihoods might change in
the future. For rainfall and temperature projections,
the Hadley Centre (United Kingdom) global climate
model (GCM) was used, as it gave results intermediate between those provided by three other GCMs,
namely those developed by the Australian Commonwealth Scientific and Industrial Research
Organisation, Japan’s National Institute for Environmental Science, and the Canadian Climate Centre.
For drought, strong winds, and sea level, the Canadian GCM was used to develop projections.
Similarly, the SRES A1B greenhouse gas
emission scenario was used when preparing rainfall,
temperature, and sea level projections. Figure A1.1
shows that this scenario is close to the middle of the
envelope of projected emissions and greenhouse
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gas concentrations. For drought both the A2 and B2
emission scenarios were used, while for strong
winds only the A2 scenario was used.

Figure A1.1. Scenarios of CO2 Gas Emissions and
Consequent Atmospheric Concentrations of CO2
(a) CO2 emmisions

C. Information Sources
Daily and hourly rainfall, daily temperatures,
and hourly wind data were obtained through the
Pohnpei Weather Service Office and with the
assistance of Mr. Chip Guard, National Oceanic and
Atmospheric Administration, Guam. Sea-level data
for Pohnpei were supplied by the National Tidal
Facility, The Flinders University of South Australia,
and are copyright reserved. The sea-level data
derived from Topex-Poisidon satellite observations
were obtained from www.//podaac-esip.jpl.nasa.gov.

D. Data Specifications
While much of the original data was reported
in Imperial units, all data are presented using System
International units.

E.

(b) CO2 concentrations

The sources of uncertainty in projections of the
likelihood components of climate-related risks are
numerous. They include uncertainties in greenhouse gas emissions and those arising from modeling the complex interactions and responses of the
atmospheric and ocean systems. Figure A1.2 shows
how uncertainties in greenhouse gas emissions
impact on estimates of the return periods of a daily
precipitation of at least 250 mm for Pohnpei.
Similar graphs can be prepared for other GCMs
and extreme events, but are not shown here. Policy
and decision makers need to be cognizant of
uncertainties in projections of the likelihood
components of extreme events.

F.

Notes: CO2 = carbon dioxide; Gt C/yr = gigatonnes of carbon per year.

Source: IPCC 2001.
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Uncertainties

Graphical Presentations

Many of the graphs that follow portray the
likelihood of a given extreme event as a function of
a time horizon. This is the most appropriate and
useful way in which to depict risk since design life
(i.e., time horizon) varies depending on the nature
of the infrastructure or other development project.
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G. Extreme Rainfall Events
Figure A1.2. Return Periods for Daily Rainfall of
250 mm in Pohnpei for Given Greenhouse
Gas Emission Scenarios

Note: Calculations used Hadley Center GCM with Best Judgment of Sensitivity.
Source: CCAIRR findings.

Daily Rainfall
Figure A1.3 shows the frequency distribution of
daily precipitation for Pohnpei. A daily total above
250 mm is a relatively rare event, with a return
period (i.e., recurrence interval) of 10 years.
Figure A1.4 shows the likelihood of such an
extreme rainfall event occurring in Pohnpei and
Kosrae, within a given time horizon ranging from 1
to 50 years.
As shown in Table A1.1, global warming will
significantly alter the return periods, and hence the
likelihoods, of the extreme rainfall events. For
example, Figure A1.5 illustrates how the likelihood
of a daily rainfall of 250 mm will increase over the
remainder of the present century.

Figure A1.3. Frequency Distribution of Daily Precipitation for Pohnpei
(1953–2003)

mm = millimeters.
Note: The numbers above the bars represent the frequency of occurrence, in percentages, for the given data interval.
Source: CCAIRR findings.
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Figure A1.4. Return Periods for a Daily Rainfall
of 250 mm Occurring Within the
Indicated Time Horizon
(years)

Figure A1.5. Likelihood of a Daily Rainfall
of 250 mm Occurring Within the
Indicated Time Horizon
(years)

Note: 0 = zero chance; 1 = statistical certainty.
Data are for Pohnpei (1953–2003) and Kosrae (1953–2001, with gaps). A daily
rainfall of 250 mm has a return period of 10 and 16 years, respectively.

Note: 0 = zero chance; 1 = statistical certainty.
Data are for Pohnpei.

Source: CCAIRR findings.

Source: CCAIRR findings.

Table A1.1: Return Periods for Daily Rainfall,
Pohnpei and Kosrae
(years)
Rainfall
(mm)

Present

2025

2050

2100

Pohnpei
100
150
200
250
300
350
400
450
500

1
2
5
10
21
40
71
118
188

1
1
2
5
9
17
28
45
68

1
1
1
2
4
8
13
20
30

1
1
1
1
2
2
3
5
7

1
3
6
16
38
83
174
344
652

1
2
4
9
21
50
119
278
632

1
1
2
5
12
31
83
237
410

1
1
2
2
4
9
22
64
230

Hourly Rainfall
Figure A1.6 shows the frequency distribution of
hourly precipitation for Pohnpei. An hourly total
above 100 mm (3.9 in) is a relatively rare event. Table
A1.2 shows that such a rainfall has a return period
of 6 years. The table also shows, for both Pohnpei
and Kosrae, that global warming will have a
significant impact on the return periods of extreme
rainfall events.
Figure A1.7 depicts the impact of global
warming on the likelihood of an hourly rainfall of
200 mm for Pohnpei.

H. Drought

Kosrae
100
150
200
250
300
350
400
450
00

Source: CCAIRR findings.
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Figure A1.8 presents, for Pohnpei, the number
of months in each year (1953–2003) and each decade
for which the observed precipitation was below the
fifth percentile. Monthly rainfall below the fifth
percentile is used here as an indicator of drought.
Most of the low rainfall months are concentrated
in the latter part of the period of observation,
indicating that the frequency of drought has
increased since the 1950s. The years with a high
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Figure A1.6. Frequency Distribution of Hourly Precipitation for Pohnpei

Notes: Data are for 1980 to 2002, with gaps. The numbers above the bars represent the frequency of
occurrence for the given data interval, in percent of hours of observed rainfall.
Source: CCAIRR findings.

Table A1.2: Return Periods for Hourly Rainfall,
Pohnpei and Kosrae
(years)
Rainfall
(mm)

Present

2025

2050

2100

Figure A1.7. Likelihood of an Hourly Rainfall
of 200 mm Occurring in Pohnpei Within the
Indicated Time Horizon
(years)

Pohnpei
50
100
150
200
250
300
350
400

2
6
14
23
34
47
61
77

1
3
7
12
18
25
32
40

1
2
4
7
11
15
20
26

1
1
2
4
5
8
10
13

2
8
16
28
41
56
73
91

2
6
13
21
31
42
55
68

1
5
10
16
24
33
43
54

1
3
6
11
16
22
29
37

Kosrae
50
100
150
200
250
300
350
400

Notes: 0 = zero chance; 1 – statistical certainty. Values for present day based on
observed data for 1980–2002, with gaps.

Source: CCAIRR findings.

Source: CCAIRR findings.
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Figure A1.8. Number of Months in Each Year or Decade for Which the
Precipitation Was Below the Fifth Percentile

Note: Data are for Pohnpei.
Source: CCAIRR findings.

number of months below the fifth percentile
coincide with El Niño Southern Oscillation (ENSO)
events.
A similar analysis could not be undertaken for
Kosrae, because its rainfall records are incomplete.
Figure A1.9 shows the results of a similar
analysis, but for rainfall estimates (1961–1990) and
projections (1991–2100) by the Canadian GCM. The
results are presented for both the A2 and B2
emission scenarios.
Figure A1.9 also shows that the GCM replicates
the increased frequency of months with extreme low
rainfall during the latter part of the last century. The
results also indicate that, regardless of which
emission scenario is used, the frequency of low
rainfall months will generally remain high relative
to the latter part of the last century.
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I.

High Sea Levels

Figure A1.10 shows daily mean values of sea
level for Pohnpei, relative to mean sea level. Large
interannual variability occurs in sea level. Low sea
levels are associated with El Niño events, while
exceptionally high sea levels occurred in October
1988.
Even more extreme high sea levels occur over
time scales of less than a day. Table A1.3 provides
return periods for given sea level elevations for
Pohnpei, for the present day and projected future.
The latter projections are based on the Canadian
GCM 1 GS and the A1B emission scenario.
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Figure A1.9. Number of Months per Decade for Which Pecipitation for
Pohnpei is Projected to be Below the Fifth Percentile

Note: data from the Canadian Global Climate Model, with A2 and B2 emission scenarios and best estimate for GCM sensitivity.

Source: CCAIRR findings.

Figure A1.10: Daily Mean Values of Sea Level for Pohnpei
(1974–2003)
600
500
400

Sea Level (mm)

300
200
100
0
-100
-200
-300
-400
Note: The sea level elevations are relative to surveyed mean sea level.

Source: CCAIRR findings.
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Table A1.3. Return Periods for Extreme
High Sea Levels, Pohnpei
(years)
Sea Level
(mm)
80
90
100
110
120
130
140

Present
Day
1
1
4
14
61
262
1,149

2025
1
1
2
5
21
93
403

Figure A1.11 Sea-Level Projections for Pohnpei,
Based on the Canadian GCM 1GS and the
A1B Emission Scenario

2050

2100

1
1
1
2
5
20
86

1
1
1
1
1
1
2

Note: cm = centimeters.
Source: CCAIRR findings.

The indicated increases in sea level over the
next century are driven by global and regional
changes in mean sea level as a consequence of
global warming. Figure A1.11 illustrates the
magnitude of this contribution.
Sea level elevations are not recorded in situ for
Kosrae. However, satellite observations of sea levels
are available and can add some understanding to
both historic and anticipated changes in sea levels.

cm = centimeters; GCM = global climate model. Uncertainties related to GCM
sensitivity are indicated by the blue, red, and green lines, representing high,
best estimate, and low sensitivities, respectively.

Source: CCAIRR findings.

A high level of agreement occurs between the
tide gauge and satellite measurements of sea level,
at least for monthly averaged data (Figure A1.12).

Figure A1.12. Sea Level (departure from normal) as Determined by the
Pohnpei Tide Gauge and by Satellite
cm
Pohnpei Tide Gauge vs. T/P Altimeter

rms = 2.0 cm

rms = root mean square.
Source: CCAIRR findings..
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Figure A1.13. Five-Day Mean Values of Satellite-Based Estimates of Sea Level for a Grid Square
Centered on Kosrae (5.25° to 5.37°N; 162.88° to 163.04°E)

Note: Values are departures from the mean for the period of record: November 1992–August 2002.
Source: CCAIRR findings.

This reinforces confidence in the use of satellite
data to characterize sea level for Kosrae. Figure A1.13
presents satellite-based estimates of sea level for a
grid square centred on Kosrae.
Figure A1.14 presents the projected increase in
sea level for Kosrae as a consequence of global
warming. The global and regional components of
sea-level rise for Kosrae are very similar to those for
Pohnpei.

J.

Figure A1.14. Sea-Level Projections for Kosrae,
Based on the Canadian GCM 1 GS and the
A1B Emission Scenario

Strong Winds

Figure A1.15 shows the annual maximum wind
gust recorded in Pohnpei for the period 1974–2003.
Table A1.4 presents return periods for extreme
high winds in Pohnpei, based on observed data. Also
shown are return periods for 1990–2020 and for
2021–2050. The latter are estimated from projections
of maximum wind speed using the Canadian GCM
2 with the A2 emission scenario.

cm = centimeters; GCM = global climate model. Uncertainties related to GCM
sensitivity are indicated by the blue, red, and green lines, representing high,
best estimate, and low sensitivities, respectively.

Source: CCAIRR findings.
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Figure 1.15. Annual Maximum Wind Gust Recorded in Pohnpei for the Period 1974–2003

Note: m/s = meters per second.
Source: CCAIRR findings.

Table A1.4. Return Periods for Maximum
Wind Speed, Pohnpei
(years)
Wind Speed
Hourly
(ms-1)
1974–2003
20
25
28

2
8
20

Daily
1961–1990 1991–2020 2021–2050
2
10
47

2
10
40

Figure A1.16 Likelihood of a Maximum Wind
Gust of 28 ms-1 Occurring Within the
Indicated Time Horizon in Pohnpei
(years)

2
9
20
Likelihood

Source: CCAIRR findings.

Figure A1.16 depicts the impact of global
warming on the likelihood of a maximum wind gust
of 28 ms-1 for Pohnpei.

K. Extreme High Temperatures
Figure A1.17 presents the frequency distribution of daily maximum temperature for Pohnpei.
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0 = zero chance; 1 – statistical certainty.
Note: Values based on Canadian Global Climate Model 2, with A2 emission
scenario.
Source: CCAIRR findings.
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Figure A1.17. Frequency Distribution of Daily Maximum Temperature for Pohnpei

Source: Based on observed data 1953–2001.

Table A1.5 details the return periods for daily
maximum temperature for Pohnpei, based on
observed data (1953–2001) and projections using
the Hadley Centre GCM and the A1B emission
scenario.
Figure A1.18 depicts the impact of global
warming on the likelihood of a daily maximum
temperature of 36°C for Pohnpei.

Figure A1.18. Likelihood of a Maximum
Temperature of 36°C Occurring Within the
Indicated Time Horizon in Pohnpei
(years)

Table A1.5. Return Periods for Daily Maximum
Temperature, Pohnpei
(years)
Maximum
Temperature
(°C)
32
33
34
35
36
37

Observed
(1953–2001)

1
1
4
24
197
2,617

Source: CCAIRR findings.

1
1
2
11
80
1,103

Projected
2025
2050 2100

1
1
2
6
39
507

1
1
1
2
10
101

Likelihood 0 = zero chance; 1 – statistical certainty.
Notes: Values based on observed data (1953–2001) and on projections from
the Hadley Centre Global Climate Module (GCM) with A1B emission scenario
and best estimate of GCM sensitivity.
Source: CCAIRR findings.
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Appendix 2

The Cook Islands—Climate Risk Profile

1

Summary

T

he likelihood (i.e., probability) components
of climate-related risks in the Cook Islands
are evaluated, for both present-day and
future conditions. Changes into the future
reflect the influence of global warming.
The risk events for which current and future
likelihoods are evaluated are extreme rainfall events
(both hourly and daily), drought, high sea levels,
strong winds, and extreme high air temperatures.
Tropical cyclone frequencies over the past century
are also examined. Some climate-related human
health and infrastructure risks are also investigated.
Projections of future climate-related risk are
based on the output of global climate models, for
given emission scenarios and model sensitivity.
All the likelihood components of projected
climate-related risk show marked increases as a
result of global warming.

A. Introduction
Formally, risk is the combination of the
consequence of an event and the likelihood (i.e.,
probability) of that event taking place.
While the consequence component of a
climate-related risk will be site or sector specific, in
general the likelihood component of a climaterelated risk will be applicable over a larger
geographical area and many sectors. This is due to

1

the spatial scale and pervasive nature of weather and
climate. Thus, the likelihood of, say, an extreme
event or climate anomaly is often evaluated for a
country, state, small island, or similar geographical
unit. While the likelihood may well vary within a
given unit, information is often insufficient to assess
this spatial variability, or the variations are judged
to be of low practical significance.
The following climate conditions are
considered to be potential sources of risk:
•
•
•
•
•

extreme rainfall events,
drought,
high sea levels and extreme wave heights,
strong winds, and
extreme high air temperatures.

Some climate-related human health and
infrastructure risks are also investigated.

B. Methods
Preparation of a climate risk profile for a given
geographical unit involves an evaluation of current
likelihoods of all relevant climate-related risks,
based on observed and other pertinent data.
Climate change scenarios are used to develop
projections of how the likelihoods might change in
the future. For rainfall and temperature projections,
the Australian Commonwealth Scientific and
Industrial Research Organization global climate
model (GCM) was used, as it is considered to work
best in the South Pacific. For drought, strong winds,
and sea level, the Canadian GCM was used to

At this time the profile is limited to Rarotonga.
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develop the projections, as this was the only GCM
for which the required data were available.
The SRES A1B greenhouse gas emission
scenario was used when preparing rainfall,
temperature, and sea-level projections. Figure A2.1
shows that this scenario is close to the middle of the

Figure A2.1. Scenarios of CO2 Gas Emissions
and Consequent Atmospheric Concentrations
of CO2

(a) CO2 emmisions

envelope of projected emissions, and hence of
greenhouse gas concentrations. For drought, both
the A2 and B2 emission scenarios were used, while
for extreme wind gusts, only the A2 scenario was
used. Again, the required projections were available
only for these scenarios.

C. Information Sources
Daily and hourly rainfall, daily temperature, and
hourly wind data were obtained through the Cook
Islands Meteorological Service Office. Sea-level data
for Rarotonga were supplied by the National Tidal
Facility, The Flinders University of South Australia,
and are copyright reserved.

D. Uncertainties

(b) CO2 concentrations

Sources of uncertainty in projections of the
likelihood components of climate-related risks are
numerous. These include uncertainties in greenhouse
gas emissions and those arising from modelling the
complex interactions and responses of the
atmospheric and ocean systems. Figure A2.2 shows
how uncertainties in greenhouse gas emissions
impact on estimates of the return periods of a daily
precipitation of at least 250 mm for Rarotonga.
Similar graphs can be prepared for other GCMs
and extreme events, but are not shown here. Policy
and decision makers need to be cognizant of
uncertainties in projections of the likelihood
components of extreme events.

E.

Graphical Presentations

Many of the graphs that follow portray the
likelihood of a given extreme event as a function of
a time horizon. This is the most appropriate and
useful way in which to depict risk, since design life
(i.e., time horizon) varies depending on the nature
of the infrastructure or other development project.

Notes: CO2 = carbon dioxide; Gt C/yr = gigatonnes of carbon per year.
Source: IPCC 2001.
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F.
Figure 2.2. Return Periods for Daily Rainfall
of 200 mm in Rarotonga for Given
Greenhouse Gas Emission Scenarios

Note: Calculations used Hadley Center global climate model (GCM) with Best
Judgment of Sensitivity.
Source: CCAIRR findings.

Extreme Rainfall Events
Daily Rainfall

Figure A2.3 shows the frequency distribution of
daily precipitation for Rarotonga. A daily total above
200 millimeters (mm) is a relatively rare event, with
a return period (i.e., recurrence interval) of 11 years.
Figure A2.4 shows the likelihood of such an
extreme rainfall event occurring in Rarotonga within
a given time horizon ranging from 1 to 50 years.
It is clear that the frequency of extreme rainfall
events has increased markedly since 1929, when
records began.
As shown in Table A2.1, global warming will
significantly alter the return periods, and hence the
likelihoods, of the extreme rainfall events. For
example, Figure A2.5 illustrates how the likelihood
of a daily rainfall of 200 mm will increase over the
remainder of the present century.

Figure A2.3. Frequency Distribution of Daily Precipitation for Rarotonga
(1929–2003)

Note: The values above the bars represent the number of occurrences, for the given data interval.
Source: CCAIRR findings.
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Figure A2.4. Likelihood of a Daily Rainfall
of at Least 200 mm Occurring within the
Time Horizon
(years)

Figure A2.5. Likelihood of a Daily Rainfall
of at Least 200 mm Occurring within the
Indicated Time Horizon
(years)

Note: 0 = zero chance; 1 = statistical certainty. Data for Rarotonga, for
indicated data periods.

Note: 0 = zero chance; 1 = statistical certainty. Data for Rarotonga.

Source: CCAIRR findings.

Source: CCAIRR findings.

Table A2.1: Return Periods and Likelihood of Occurrence in 1 Year1 for Daily Rainfall in Rarotonga

Rainfall
(mm)

Present
(1970–2003)

2025

2050

2100

(at least)

RP

LO

RP

LO

RP

LO

RP

LO

100
150
200
250
300
350
400
450
500

1
3
7
18
38
76
141
248
417

0.78
0.34
0.14
0.06
0.03
0.01
0.01
0
0

1
3
6
13
26
47
81
130
201

.81
.38
.16
.08
.04
.02
.01
.01
0

1
2
5
10
19
35
59
95
148

0.83
0.44
0.20
0.10
0.05
0.03
0.02
0.01
0.01

1
2
3
6
11
19
31
50
78

0.87
0.56
0.31
0.17
0.09
0.05
0.03
0.02
0.01

Notes: RP = return period; LO = likelihood of occurrence.
1

A likelihood of 0 equals zero chance while a likelihood of 1 equates to a statistical certainty that the event will occur within a year.

Source: CCAIRR findings.
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An obvious question arises: are the past changes
in the probability component consistent with the
changes projected to occur in the future as a result
of global warming? The trend of increasing likelihood
that was apparent in the historical data for much of
the last century is projected to continue, in a
consistent manner, through the present century.
Observed and projected likelihoods of at least 250
mm of rain falling in a day are presented in Figure
A2.6. A high degree of consistency is apparent. It is
important to note that this consistency does not
prove the existence of a global warming signal in the
observed data. More detailed analyses are required
before any such attributions can be made.

F.

Figure A2.6. Observed and Projected Likelihoods
of a Daily Rainfall of at Least 250 mm
Occurring in a Year

Hourly Rainfall

Figure A2.7 shows the frequency distribution of
hourly precipitation for Rarotonga. An hourly total
above 50 mm is a relatively rare event. Table A2.2 shows
such a rainfall has a return period of 3 years, and that
global warming will have a significant impact on the
return periods of extreme rainfall events.

Notes: black symbols = observed likelihoods; green symbols = projected
likelihoods. Data for Rarotonga.
Source: CCAIRR findings.

Figure A2.7. Frequency Distribution of Hourly Precipitation for Rarotonga

Notes: Data for 1970–1979. The values above the bars represent the number of occurrences for the given data interval.
Source: CCAIRR findings.
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Table A2.2: Return Periods and Likelihood of Occurrence in 1 Year for Daily Rainfall Rarotonga

Rainfall (mm)
(at least)

RP

LO

RP

LO

RP

LO

RP

LO

25
50
75
100
125
150

1
3
18
91
384
N/A

0.93
0.29
0.05
0.01
0
N/A

1
3
12
57
246
980

0.92
0.36
0.08
0.02
0
0

1
3
8
25
67
159

0.93
0.39
0.12
0.04
0.01
0.01

1
2
6
13
25
46

0.93
0.45
0.18
0.08
0.04
0.02

Present

2025

2050

2100

Notes: RP = return period in years; LO = likelihood of occurrence.
Source: CCAIRR findings.

Figure A2.8 depicts the impact of global
warming on the likelihood of an hourly rainfall of
75 mm for Rarotonga.

Figure A2.8. Likelihood of an Hourly Rainfall
of at Least 75 mm Occurring Within the
Indicated Time Horizon in Rarotonga
(years)

F.

Drought

Figure A2.9 presents, for Rarotonga, the number
of months in each year (1929–2003) and each decade
for which the observed precipitation was below the
10th percentile. Monthly rainfall below the fifth
percentile is used here as an indicator of drought.
Most of the low rainfall months are concentrated
in the latter part of the period of observation,
indicating that the frequency of drought has
increased since the 1930s. The years with a high
number of months below the fifth percentile
coincide with El Niño Southern Oscillation (ENSO)
events.
Figure A2.10 shows the results of a similar
analysis, but for rainfall estimates (1961–1990) and
projections (1991–2100).
The results indicate that prolonged and more
intense periods of drought will occur during the
remainder of the 21st century.

Notes: Likelihood 0 = zero chance; 1 = statistical certainty. Values for present
day based on observed data for 1980–2002, with gaps.
Source: CCAIRR findings.
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Figure A2.9. Number of Months in Each Year and Decade for which the
Precipitation was Below the Fifth Percentile

Note: data for Rarotonga.
Source: CCAIRR findings.

Figure A2.10. Number of Months Per Year and Per Decade for Which Precipitation in
Rarotonga was Observed, and is Projected to Be, Below the Fifth Percentile

Notes: data from the Canadian global climate module (GCM), with A2 emission scenarios and best estimate for GCM sensitivity.

Source: CCAIRR findings.
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G. High Sea Levels and Extreme
Wave Heights
Figure A2.11 shows daily mean values of sea level
for Rarotonga, relative to mean sea level. Large
interannual variability occurs in sea level. The
exceptionally high sea levels shown in Figure A2.11 are
all associated with the occurrence of tropical cyclones.

Even more extreme high sea levels occur for
time scales less than a day. Table A2.3 provides
return periods for given significant on-shore wave
heights for Rarotonga, for the present day and
projected future. The latter projections are based on
the Canadian GCM 1 GS and the A1B emission
scenario.

Figure A2.11. Daily Mean Values of Sea Level for Rarotonga
(1977–2002)

Source: CCAIRR findings.

Table A2.3. Return Periods for Significant On-shore Wave Heights, Rarotonga
(years)
Sea Level (m)
(at least)
2
4
6
8
10
12

Present Day

2025

2050

2100

RP

LO

RP

LO

RP

LO

RP

LO

2
4
10
30
112
524

0.51
0.25
0.10
0.03
0.01
0

2
3
8
23
80
349

0.59
0.31
0.13
0.04
0.01
0

2
3
7
18
62
258

0.65
0.35
0.15
0.05
0.02
0

1
2
5
12
39
149

0.75
0.45
0.21
0.08
0.03
0.01

Notes: LO = likelihood pf occurrence; RP = return period.

Source: CCAIRR findings.
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The indicated increases in sea level over the
next century are driven by global and regional
changes in mean sea level as a consequence of global
warming. Figure A2.12 illustrates the magnitude of
this contribution.

Figure A2.13. Annual Maximum Wind Gust
Recorded in Rarotonga for the Period
1972–1999

Figure A2.12. Sea Level Projections
for Rarotonga

Source: CCAIRR findings.

Figure A2.14. Likelihood of a Wind Gust of
40 m/sec (78 kt) Occurring Within the
Indicated Time Horizon, Rarotonga
Notes: Uncertainties related to global climate model sensitivity are indicated
by the blue, red and green lines, representing high, best estimate, and low
sensitivities, respectively.

Source: CCAIRR findings.

H. Strong Winds
Figure A2.13 shows the annual maximum wind
gust recorded in Rarotonga for the period 1972–1999.
Figure 2.14 presents the likelihood of a wind
gust of at least 40 m/sec occurring at Rarotonga
within the specified time horizon.
Table A2.4 presents the return periods based on
an analysis of the observed maximum hourly wind
gust data and the adjusted GCM wind speed data.
The return period estimates of Kirk are for open
water conditions. Strong agreement is observed
between these and the return periods based on
observed data, suggesting that the Rarotonga
anemometer provides extreme gust estimates that
are reasonably representative of open water
conditions.
Comparison of the return period estimates for
the 1961–1990 GCM data with the observed data also
reveals good agreement, though the GCM data tend
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Notes: 0 = zero chance; 1 = statistical certainty. Data for Rarotonga, Cook
Islands (1972–1999). A wind gust of 40 ms-1 has a return period of 20 years.

Source: CCAIRR findings.

to show slightly shorter return periods for lower
extreme wind speeds and slightly longer return
periods for higher extreme wind speeds.
Arguably the most important finding arising
from this analysis is the suggestion that, over the
coming 50 years or so, the return periods for the
most extreme wind speeds will reduce significantly,
decreasing by approximately half by 2050.
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Table A2.4: Estimates of Return Periods for Given Maximum Wind Speeds, Rarotonga
(years)

Return Period (years)
Wind Speed

Kirk

Observed Data

(m/sec)

(1992)

(1972–1999)

1961–1990

GCM Based Maximum Wind Speed Data
1991–2020

2021–2050

28.5
33.9
37.5
38.8
41.9
44.9
47.8

2
5
10
13
25
50
100

2
5
11
14
29
57
113

1
2
3
5
18
60
120

1
2
4
5
16
45
95

1
2
4
6
14
31
64

Note: GCM = global climate module.
Source: CCAIRR findings.

I.

Extreme High Temperatures

Figure A2.15 presents the frequency distribution of daily maximum temperature for Rarotonga.
Table A2.5 details the return periods for daily

maximum temperature for Rarotonga, based on
observed data (1961–2003) and GCM projections.
Figure A2.16 shows the likelihood of a
maximum temperature of at least 35°C occurring
within the indicated time horizon.

Figure A2.15. Frequency distribution of Monthly Extreme Maximum Temperature for Rarotonga

Note: Based on observed data from 1961 to 2003.
Source: CCAIRR findings.
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Table A2.5. Return Periods for Monthly Extreme Maximum Temperature, Rarotonga
(years)
Maximum
Temperature
(oC)

Observed
(1961-2003)

31
32
33
34
35
36

Projected
2050

2025

2100

RP

LO

RP

LO

RP

LO

RP

LO

1
3
9
29
108
435

0.72
0.33
0.12
0.03
0.01
0

1
2
5
14
52
208

0.90
0.54
0.22
0.07
0.02
0

1
1
3
9
29
115

0.97
0.71
0.34
0.12
0.03
0.01

1
1
2
3
10
37

1
0.94
0.64
0.29
0.10
0.03

Notes: LO = likelihood of occurrence; RP = return period.
Source: CCAIRR findings.

Fig A2.16 Likelihood of a Maximum
Temperature of at Least 35°C Occurring Within
the Indicated Time Horizon in Rarotonga
(years)

Note: 0 = zero chance; 1 = statistical certainty.

Source: CCAIRR findings.

J.

Tropical Cyclones

The number of tropical cyclones passing close
to, and affecting Rarotonga appears to have
increased during the last century (Figure A2.17).
However, since observing and reporting systems
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improved substantially over the same time period,
it is unwise to read too much into the marked
contrast in frequency between the first and second
halves of the 20th century. The record for the last
few decades is much more reliable, hence the
doubling in decadal frequencies between the 1950s
and 1990s may well be closer to the truth. It is
certainly consistent with the fact, since the 1970s
that El Niño episodes have tended to be more
frequent, without intervening La Niña events. The
duration of the 1990–95 El Niño is unprecedented
in the climate record of the past 124 years.
Studies by Australia’s Bureau of Meteorology
(Figure A2.18a and b) reveal the consequences of
the weakened trade winds and eastward movement
of the warm waters of the western tropical Pacific
during El Niño events. Because convective systems
(e.g., thunderstorms and rainstorms) and tropical
cyclones preferentially occur over warmer waters,
changes in the pattern of sea surface temperatures
is reflected in the distribution of rainfall and tropical
cyclones.
A possible consequence of the increased
persistence of El Niño conditions in recent decades
is the apparent intensification of tropical cyclones,
as reflected in the systematic increase in upper 10
percentile heights of open water waves associated
with tropical cyclones occurring in the vicinity of
Rarotonga (Table A2.6).
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Figure A2.17. Number of Tropical Cyclones per Year passing Close to, and Affecting, Rarotonga

Sources: Kerr 1976, Revell 1981, Thompson et al. 1992, d’Aubert and Nunn 1994, Fiji Meteorological Service 2004, and Ready (personal communication).

Figure A2.18a. Average Annual number of Tropical Cyclones for El Niño Years

Source: Australian Bureau of Meteorology, n.d. Reproduced by permission
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Figure A2.18b. Average Annual number of Tropical Cyclones for La Niña Years

Source: Australian Bureau of Meteorology, n.d. Reproduced by permission

Table A2.6. Open Water Wave Height (Average of Top 10%)
Associated with Tropical Cyclones Recently Affecting Rarotonga
Cyclone
(name and year)

Wave Height
(m)

Charles (1978)
Sally (1987)
Val (1991)
Pam (1997)
Dovi (2003)
Heta (2004)

11
10
14
14
17
17

Nancy (2005)
Percy (2005)

22
19

Source: Dorrell (personal communication).
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Appendix 3

Guidelines for Policy and Decision
Makers and Other Key Players—
Federated States of Micronesia
A. Background and Purpose of these
Guidelines

U

nder its Climate Change Adaptation
Program for the Pacific, the Asian
Development Bank (ADB) is facilitating
preparation of case studies1 that demonstrate a risk-based approach to adapting to climate
variability and change (including extreme events),
and the mainstreaming of the adaptation process.
The present Guidelines for mainstreaming adaptation to climate change are based on the findings of
the case studies. They are also informed by experience gained through other investigations and by
operational practice.
The Guidelines are intended to assist the Government of the Federated States of Micronesia
(FSM) and other relevant stakeholders in implementing policies, plans, and operational procedures
that result in integrating adaptation to climate variability and change into national and local
development planning, decision making and operations as an an integral and sustainable part of the
development process.
The Guidelines are presented in the context of
a series of questions that arose, and were answered,
in the course of preparing the case studies. Each
guideline has an associated box that provides a
practical example of the application of the guideline,

with respect to one of the case studies prepared in
the Federated States of Micronesia (FSM).
Mainstreaming adaptation is the principal
focus of these Guidelines. They do not refer explicitly
to other related and important matters, including
•

•

B. Basic Principles for Adaptation to
Climate Change
Although, as mentioned above, these Guidelines
focus on the mainstreaming of adaptation, rather
than adaptation per se, a listing of some of the basic
principles for adaptation to climate change will provide a useful foundation for considering the
mainstreaming process. These include the following:
•

•

•
1

Three case studies were carried out in the FSM and three in the Cook Islands.
Details are provided in the main part of this book.

adaptation policy frameworks—for details on
this topic refer, for example, to UNDP-GEF
(2003); and
adaptation measures as such—for national
examples see Government of the FSM (1999) and
for regional examples see Hay et al. (2003).

Adaptation is, in large part, a continuous,
dynamic process that reduces the exposure of
society to risks arising from climatic variability
and extremes.
Adaptation must reflect both recurrent historical
risks and new risks associated with climate
change.
Exploring and undertaking actions to adapt to
current climate extremes and variability is of
value, both in dealing with today’s problems and
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•

•

•

•

•

•

•

•

•

as an essential step toward building long-term
resilience to withstanding the pending changes
in climate;
Many disaster and climate change response
strategies are the same as those that contribute
in a positive manner to sustainable development,
sound environmental management, and wise
resource use; they are also appropriate responses
to climate variability and other present-day and
emerging stresses on social, cultural, economic,
and environmental systems.
Effective management of climate-related risks
prevents precious resources from being squandered on disaster recovery and rehabilitation.
While many climate-related risks and losses are
manifested locally, measures to alleviate them
have important national and international
dimensions.
If adaptation is reactive, as opposed to
anticipatory, the range of response options is
likely to be narrower and adaptation may well
prove more expensive, socially disruptive, and
environmentally unsustainable.
Many development plans and projects at present
under consideration have life expectancies
requiring that due consideration be given to
future climate conditions and sea levels.
It is easier to enhance the ability of ecosystems
to cope with climate change if they are healthy
and not already stressed and degraded.
Adaptation requires enhancement of institutional capacity, development of expertise, and
the building of knowledge. All these take time.
People will, as a result of their own resourcefulness or out of necessity, adapt to climate variability and change (including extreme events),
based on their understanding and assessment of
the anticipated or observed effects, and on the
perceived options and benefits for response. In
many cases, such adaptations will be adequate,
effective, and satisfactory.
However, under some circumstances, such adaptation may not be satisfactory or successful; an
external entity, such as central or local government, may need to facilitate the adaptation
process to ensure that obstacles, barriers, and
inefficiencies are addressed in an appropriate
manner.
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C. What is Meant by “Mainstreaming
Adaptation”?
In the context of addressing climate change and
related issues, the term “mainstreaming” is used to
describe the integration of policies and measures
to address climate change in ongoing and new
development policies, plans, and actions.
Mainstreaming adaptation aims to enhance the
effectiveness, efficiency, and longevity of initiatives
directed at reducing climate-related risks, while at
the same time contributing to sustainable
development and improved quality of life.
Mainstreaming also endeavors to address the
complex tensions between development policies
aimed at immediate issues and the aspects of
climate policy aimed at longer-term concerns. The
tensions often become most apparent when choices
have to be made about the disbursement of limited
government funds—for example, choices between
supporting education and health care programs on
the one hand and funding climate change
adaptation initiatives on the other. Indeed,
mainstreaming is largely about reducing tensions
and conflicts, and avoiding the need to make
choices, by identifying synergistic, win-win
situations. Thus mainstreaming focuses on “no
regrets” measures for adaptation.2

D. Why Mainstream Adaptation?
Even in the near future, climate change is likely
to impose untenable social, environmental, and
economic costs on the FSM. Most of the country is
already experiencing disruptive conditions that are
consistent with many of the anticipated adverse
consequences of climate change, including
extensive coastal erosion, drought, flooding and
associated landslides, coral bleaching, and higher
sea levels.
The risks associated with the full spectrum of
climate-related hazards, from extreme events to the
consequences of long-term changes in the climate,

2

“No regrets” measures for adaptation are consistent with sound environmental
management and wise resource use, and are thus appropriate responses to natural
hazards and climate variability, including extreme events; they are therefore
beneficial and cost effective, even if no climate change occurs.
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should be managed in a holistic manner as an
integral part of national development planning and
management (Figure A3.1). Most countries already
have policies and plans to manage financial risks,
human health risks, biosecurity risks, agricultural
risks, transport sector risks, and energy supply risks.
Climate-induced disasters, and climate change and
variability, should also be included in the national
risk management portfolio.
National and state development plans and sector plans should include disaster risk management
strategies and climate change adaptation measures
to ensure that risks are reduced to acceptable levels. These measures, and the related strategies, will
help strengthen decision-making processes by requiring that specific programs and projects include
plans and measures to manage risks associated with
extreme events and with climate change and variability. The overall goal should be to manage, in a
holistic manner and as an integral part of national
development planning, the risks associated with the
full spectrum of weather, climate, and oceanic hazards, from extreme events to the consequences of
long-term climate change.

Guideline 1
Document the relevant major risks to the
economy and society resulting from climate
variability and change (including extreme events),
characterizing these in terms of their probabilities
of occurrence and associated economic and social
consequences (Box A3.1).

F.

At a Practical level, What Does
Adaptation Mainstreaming Entail?

Adaptation mainstreaming has two key
practical components:
•
•

creating and strengthening the enabling
environment for adaptation; and
integrating adaptation planning and implementation into existing and new development policies, plans, and actions.

Figure A3.1. The “Optimal Response “ to Climate Change

Sources: adapted from Kay and Hay (1993), Hay and McGregor (1994), and Campbell and de Wet (1999).
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Box A3.1
In Sokehs community, Pohnpei, climate change
will alter the risk of flooding due to high sea levels.
Hourly Sea Level for Recurrence Interval of
25 Years —Pohnpei

For a roadbuilding project in Kosrae, climate
change alters construction requirements and costs if
the design risk is kept at 1 in 100 years.

G. What is the “Enabling Environment”
for Adaptation?
The “enabling environment” for adaptation
comprises the systems and capabilities that foster
the adaptation process, including innovation,
revitalization of traditional practices, application of
human knowledge and skills, policies, financing,
legislation and regulations, information, markets,
and decision support tools. It provides the context
within which development projects and related
initiatives occur (Figure A3.2) and ensures that they
are effectively “climate proofed”.3
The multiple dimensions of the enabling
environment are evident in Figure A3.3. Longerterm interventions at national and subnational
levels, often with support from the international
community, are required to create and strengthen
the enabling environment.

Hourly Sea Level for Recurrence Interval of
25 Years —Pohnpei

H. How can the Enabling Environment
for Adaptation be Enhanced?
Guideline 2
Organize and strengthen institutions in ways that
•

For Pohnpei public health, climate change will
alter the frequency and duration of drought, the
ending of which is associated with major outbreaks
of gastroenteritis.

•
•

Frequency and Duration of Drought–Pohnpei

•

3

Number of Consecutive Low Rainfall Days
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enhance communication between climate risk
assessors and adaptation policy makers and
implementers;
reduce the likelihood of conflict and duplication
of effort when managing climate-related risks;
lessen the chances of mistrust and misunderstanding between decision and policy makers
and other stakeholders in adaptation activities;
and
overall, help to provide consistent, defensible,
and useful advice to decision and policy makers
with respect to adaptation priorities and
practices (Box A3.2).

Climate proofing is a shorthand term for identifying risks to a development
project, or any other specified natural or human asset, as a consequence of
climate variability and change, and ensuring that those risks are reduced to
acceptable levels through long-lasting and environmentally sound, economically
viable, and socially acceptable changes implemented at one or more of the
following stages in the project cycle: planning, design, construction, operation,
and decommissioning.
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Figure A3.2: Linkages Between Longer-Term Activities to Create an Enabling Environment
for Adaptation and the Climate Proofing of Shorter-Term Development Projects and
Protection of Natural and Human Assets
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Source: CCAIRR findings.
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Figure A3.3. The Multiple Dimensions of the Enabling Environment for Adaptation to
Climate Variability and Change

Source: CCAIRR findings.
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BOX A3.2

When the Climate Change Adaptation through Integrated
Risk Reduction project was in its early stages, Pohnpei’s
governor established an Inter-Agency Task Force to Assess
and Manage Weather- and Climate-Related Risks, to oversee
the ongoing program of climate risk assessments and
implementation of adaptation in Pohnpei. At that time, the
Governor decreed that the Task Force would have oversight
for the coordination and cooperation required to ensure
timely and cost-effective assessments of, and responses to,
the weather- and climate-related risks facing Pohnpei. He
also required that in no case would it disrupt the existing
allocation of responsibilities and resources afforded to
government agencies. Rather, it would be a mechanism for
exploring and implementing collaborative activities that are

of mutual benefit to the agencies involved, as well as to the
people of Pohnpei.
The Director of the Task Force is a member of the National
Climate Change Country Team for the Federated States of
Micronesia, and chairs its meetings on a rotational basis.
At the technical level, the Task Force is being assisted by the
Pohnpei Climate Change Adaptation through Integrated
Risk Reduction Team, made up of technical specialists, key
individuals from nongovernment organizations, and
representatives of the Sokehs and wider communities.
Source: CCAIRR findings.

Guideline 3
BOX A3.3

Wherever possible and
practical, make use of existing information and information management systems. This may well require
additional initial effort to
source and harmonize dispersed and disparate sets of
information, but it is likely to
result in a strengthening of
existing information management systems as opposed
to their marginalization (Box
A3.3).

For the Sokehs case study, local data holdings were identified, including information in
geographic information systems maintained by the Environmental Protection Agency, the
Department of Lands, the Public Utilities Corporation, (all state agencies) and the Census
Division of the national Government. Health data for the state and the Sapwohn
community were obtained from the Pohnpei State Hospital. The Conservation Society of
Pohnpei and the local office of The Nature Conservancy also had relevant information.
Aerial photographs and maps were obtained from the Department of Lands. Relevant
historical information is held by the Micronesian Seminar. Some weather data were
obtained from the (US) National Oceanic and Atmospheric Administration (NOAA)
National Weather Service Office in Pohnpei. Additional weather data were sourced from
the National Climate Data Center in the USA, via the NOAA office in Guam, while tide
gauge data were obtained from the University of Hawaii and from the National Tidal Centre
in Australia. Documents such as the First National Communication to the United Nations
Framework Convention on Climate Change and state and national disaster reports were
also consulted.
Spot heights and locations of structures and infrastructure in the Sapwohn study area were
determined using a Total Station survey system. At the same time, detailed descriptive
and flood damage information were obtained for each structure, through visual inspection
and interviews conducted by members of the Pohnpei Climate Change Adaptation through
Integrated Risk Reduction (CCAIRR) Team.
All data used in the case study have been placed in a cooperative archive maintained by
the Department of Lands on behalf of the Pohnpei CCAIRR Team.
Source: CCAIRR findings.
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Guideline 4
BOX A3.4

Enhance and employ in-country expertise in
the technical and policy dimensions of adaptation
to climate change (Box A3.4).

Guideline 5
The enabling environment for adaptation is
enhanced when legislation and regulations that
facilitate adaptation are introduced and strengthened, and also when the compliance monitoring
and enforcement capabilities of relevant regulatory
agencies are improved (Box A3.5).

Local technical capabilities in such areas as geographical
information systems (GIS), surveying, and vulnerability and
adaptation assessments were identified, with technically
qualified personnel forming the Pohnpei Climate Change
Adaptation through Integrated Risk Reduction (CCAIRR)
Team. Members of the team undertook the field work to
determine spot heights and locations of structures and
infrastructure in the Sapwohn study area, as well as gathering
detailed descriptive and flood damage information through
visual inspection and interviews. All information for the
Sapwohn study area was imported to a GIS and members of
the CCAIRR Team processed it.

Guideline 6
Wherever possible and practical, make use of
existing decision support tools and regulatory instruments to guide selection and facilitate implementation of adaptation measures; examples include
environmental impact assessments and building
codes. This is likely to result in a strengthening of
existing tools and regulations, rather than weakening them through confusion and inadequate enforcement (Box A3.6).

Guideline 7
Identify the motivations that drive various
stakeholders to engage in the adaptation process, and
replicate these motivations in other players, through
education, training, and other initiatives (Box A3.7).

Guideline 8
Build the willingness and ability of communities to adapt continuously to new circumstances and
challenges, and to realize this increased potential.
High levels of awareness, motivation, and empowerment within the public and private sectors and in civil
society will help ensure that people, communities,
and wider societies are able to adapt continuously to
new circumstances and challenges. This requires a
long-term approach to developing and delivering
comprehensive and targeted awareness-raising and
educational programs (Box A3.8).

BOX A3.5

The Sokehs case study resulted in a recommendation that
the Building Code, the Environmental Impact Assessment
Regulations and other appropriate regulatory instruments
overseen by the state of Pohnpei be amended to provide that
when new buildings are constructed, or existing buildings
are modified substantially, allowance is made for:
•

•

•

surface flooding as a result of hourly rainfall intensities
of at least 40.6 centimeters (such an event has a
projected return period of 25 years in 2050);
surface flooding as a result of sea level being at least
1.2 m above mean sea level (such an event has a
projected return period of 25 years in 2050 (the
requirement in the draft building code is 3 m); and
the possibility of wind gusts exceeding 209 kilometers
per hour (kph) (this event has a projected return
period of 25 years in 2050; current practice is to use
193 kph as the design wind speed).

It is also recommended that Pohnpei State strengthen
existing policies and plans in ways that reflect projected
increases in the following:
•
•

extended periods of low rainfall (i.e., drought); and
outbreaks of gastroenteritis.

Source: CCAIRR findings.
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BOX A3.6

The risk-based approach to adaptation used in the Climate
Change Adaptation Program for the Pacific case studies follows methods consistent with international risk management standards, including Australia and New Zealand standard 4360.
The Risk Assessment Framework Used in the CLIMAP
Case Studies

narios, global climate model (GCM), climate change patterns,
climate sensitivity values, and time horizons, the user has
considerable flexibility in generating scenarios of future climate changes that can be used to drive impact models. SimClim contains a custom-built geographic information system
for spatial analyses of results and tools for examining sitespecific time-series data, including analyzing extreme events
and estimating return periods.

The assessment of climate-related risks, and the cost-benefit
analyses of adaptation measures, have been
facilitated by the use of SimClim, an “open-framework” modelling system to integrate data and models for
examining impacts of and adaptation to climate variability
and change. User-friendly, Windows-based interfaces allow
users to import climate (and other) data for geographical areas and spatial resolutions of their own choice and to attach
impact models for relevant sectors (e.g., agricultural, coastal,
health, water resources). By selecting among emission sce-

SimClim combines site-specific and spatial data (from
global, regional, and national to local scale, depending on
user specification). Required inputs include spatially
interpolated monthly climatologies for precipitation and
minimum, maximum, and mean temperature; GCM spatial
patterns of climate changes; and site time-series climate
data (hourly, daily, and/or monthly). Key outputs are userspecified spatial and temporal patterns and parameters of
baseline climatologies; scenarios of future climates; and
outputs from the climate-driven impact model.

Source: CCAIRR findings.
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BOX A3.7

Coping strategies already in use in the Sapwohn study area:
a raised external threshold (above) and elevated living
areas (below.

Through formal and informal consultative processes,
including workshops and interviews, stakeholder perceptions
of climate-related risks to the Sokehs community were
identified. These included flooding resulting from high rainfall
events, inundation due to high sea levels, wind damage, and
illness from water-borne and other diseases during times of
weather extremes. Data were analyzed using SimClim (see
Box A3.6) in order to characterize these risks and examine
potential adaptation options.
Interviews and direct observations revealed a range of
existing coping mechanisms that, given the preference for
“no regrets” adaptation options, provided a basis for
identification of possible adaptation measures.

BOX A3.8

Informal consultation goes on in Sapwohn Village (left) and Kosrae.

Formal and informal meetings and discussions were held
with stakeholders. The initial meetings concerned selection
of the case studies; they were continued on an ongoing basis
to ensure that stakeholders were kept fully informed
regarding progress of the case studies and were able to
contribute information and opinions as well as receive
updates regarding interim findings and the eventual
conclusions.
Source: CCAIRR findings.

Subsequently, preparedness, training (“transfer and apply”),
and awareness-raising workshops were used, along with
public awareness campaigns and a national forum, to ensure
that all stakeholders were familiar with the study’s findings
and committed to their uptake and application.
Source: CCAIRR findings.
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Guideline 9
BOX A3.9

Address the present reluctance of banks and
other lending institutions to finance adaptation
activities, due to the perception that they involve
longer-term projects that have high levels of risk.
Help reduce this barrier by promoting institutions,
arrangements, and mechanisms that can provide
innovative financing, including microfinance, green
finance, secured loans, leasing arrangements, and
public-private partnerships, thereby allowing
adaptation to proceed without government
intervention (Box A3.9).

Guideline 10
Decisions as to when and how to adapt to climate
change should be based on credible, comparable, and
objective information. Ideally, the measurements and
assessments required to provide this information will
be made using internationally recognized, but locally
adapted, methodologies and tools, thereby helping
to ensure comparability among data collected by
different assessors (Box A3.10).

All lenders have an interest in protecting the value of the
asset against which a loan is secured. In Pohnpei, new
residential construction and substantive improvements in
existing dwellings are financed through low-interest loans
from the Rural Development Bank. Senior officials in the
Bank are aware of the incremental risks due to climate
change and are considering making approval of loans
contingent on the climate proofing of construction.
The Government is also considering seeking support from
the international community to meet the documented
incremental costs of adaptation to climate change, with a
focus on the Climate Fund established by the United Nations
Framework Convention on Climate Change and overseen
by the Global Environment Facility. The intention would be
to establish a trust fund for the community. Interest from
the fund would cover, on an ongoing basis, the incremental
costs of adaptation for new dwellings and for the
replacement and renovation of existing residences.
Source: CCAIRR findings.

BOX A3.10
Cost-benefit analysis of climate-related risks and adaptation
measures uses a state-of-the-art model. The damage arising
from any given event is valued as the percentage of the
current baseline value of each of the sectors that is destroyed
by the event, e.g., a flood of a certain magnitude destroys
x% of the current housing stock plus y% of public buildings,
etc.,—i.e., the “damage function” is specified. These damage
values are summarized for each event, e.g., a specified flood
will result in damage valued at $X million to infrastructure
and land forms. Given the probability of the damage
occurring or, to put it differently, the average frequency with
which it occurs under the baseline or under climate change,
an annual expected damage value for each scenario is
calculated, thus forming a time series of expected damage
values associated with each possible event. In each case
study, the expected damages resulting from all relevant
events are summarized for each year. The difference
between the annual expected damage values under (i) a
climate change scenario and (ii) the baseline is the annual

increase in expected damage due to climate change. This
difference is the maximum potential benefit under the
scenario of introducing adaptation measures.

Cost-Benefit Analysis of Climate Proofing Parts of the
Kosrae Circumferential Road

Cost to Build Road
Original Design
Climate Proofed Design
Incremental Cost
Internal Rate of Return

New Road
Section
(6.3 km)

Existing Road
Section
(3.5 km)

$1,895,000
$2,406,000
$ 511,000
11%

$ 924,000
$1,700,000
$ 776,000
13%

Thus, while retroactive climate proofing is more costly, the
high internal rate of return shows it is still a viable investment.

Source: CCAIRR findings.
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Guideline 11
BOX A3.11

Adaptation activities should be based on
cooperation to bring about desired changes, from
the bottom up as well as from the top down. This
calls for enduring partnerships at all stages of the
adaptation process, ensuring active and equitable
participation of private and public stakeholders,
including business, legal, financial, and other
stakeholders (Box A3.11).

Guideline 12
Transfer and use of inadequate, unsustainable,
or unsafe technologies for adaptation must be
avoided. Technology recipients should be able to
identify and select technologies that are appropriate
to their actual needs, circumstances, and capacities
and are classed as “sustainable technologies”—i.e.,
environmentally sound, economically viable, and
socially acceptable. For example, some approaches
to coastal protection have proven to be inadequate
(e.g., weight of rocks making up a breakwater, relative
to energy of the significant wave), unsustainable
(e.g., sea walls often accelerate erosion for adjacent,
unprotected areas of the coast) or unsafe (e.g., a

Successful adaptation is dependent on an increased
awareness of climate change issues and a commitment to
taking action to address them. Often people with technical
backgrounds are reasonably aware of the issues involved in
climate change and the responses required, but, overall,
policy makers are not so well informed on the issues and
hence not so aware of the actions that are required. Their
buy-in can be facilitated by enabling them to recognize that
both disasters and climate change are significant
impediments to successful economic development—i.e.,
they represent risks to regional, national, and local
economies—and that countries are already experiencing the
manifestations of these risks, in the form of recent disasters,
but also via climate variability. Such information will help
secure high-level political endorsement for adaptation
activities, ensuring their efficient and effective
implementation.
Source: CCAIRR findings.

breakwater may, in some instances, exacerbate the
volume and speed of seawater overtopping the
foreshore area) (Box A3.12).

BOX A3.12
To help avoid the uptake and application of inadequate,
unsustainable, or unsafe technologies, the United Nations
Environment Programme has developed a decision support
tool for use by stakeholders, including communities and local
governments. Environmental Technology Assessment (EnTA)
is a systematic procedure whereby a proposed technology
intervention is described and appraised in terms of its
potential influence on the environment, the implications for
sustainable development, and the likely cultural and
socioeconomic consequences. Furthermore, the assessment
process requires consideration of alternative technologies
and other options, thereby providing a mechanism for
comparing the impact of a variety of possible interventions.

EnTA is designed to facilitate multistakeholder dialogue
leading to consensus decision making. It helps planners,
decision makers in government, the private sector,
communities, and other stakeholders to reach a consensus
on the proposed technology investment, by facilitating an
agreement to select a technology that will be the most
environmentally sound, socially acceptable, and
economically viable, for a specified location and application.
Through early recognition of key issues, possible
alternatives, potential solutions, and areas of consensus,
EnTA allows further effort to focus on points of major conflict
and dispute. This reduces information and time
requirements and facilitates disclosure of all relevant
information to decision makers, so that a fully informed
decision can be made.

Source: CCAIRR findings.
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Guideline 13
Macroeconomic conditions that favor successful
adaptation activities include those that foster
economic transparency. Such conditions are needed
in order to ensure that climate-related risks are not
masked or compensated for by hidden subsidies and
are thereby transferred to the wrong parties.
Involvement of the private sector in adaptation (e.g.,
investors and other players in the finance sector) will
be encouraged by macroeconomic conditions that
include low inflation; stable and realistic exchange and
interest rates; pricing that reflects the true (marginal
and fully internalized) costs of materials, energy, labor
and other inputs; deregulation; free movement of
capital; operation of competitive markets; open trade
policies; and transparent foreign investment policies
(Box A3.13).

BOX A3.13
An adaptation plan under consideration for Sapwohn Village
is for international agencies and aid providers to make
initial contributions to a trust fund. Subsequently, interest
from the fund would be used to cover the incremental costs
of adaptation. For example, when a home is rebuilt or
renovated, the State Building Code and other regulations will
require the owner to “climate proof” the structure. The
additional expense involved would be covered by the trust
fund, thus reducing the size of the loan the homeowner
would need to obtain from the financial sector.

growth, technology uptake and application, population growth and migration, and adjustments in
governance. In turn, these socioeconomic development patterns influence vulnerability to climate
change, as well as the human capacity for mitigation and adaptation. The cycle is completed when
climate change impacts on human and natural systems, to influence socioeconomic development
patterns and, thereby, greenhouse gas emissions.
The artificial separation of these activities
results in missed opportunities for synergies, in
unrecognized and undesirable trade-offs, and in
mutual interference in ensuring successful
outcomes. The benefits arising from integrating
climate policy into wider development policies can
be greater than the sum of concurrent, unrelated
policy initiatives. Effective management of the risks
to natural and human systems that arise from
climate variability and change and their integration
with planning for sustainable development gives
rise to additional guidelines.

Figure A3.4: Linkages Between Sustainable
Development, Climate Change, and the
Policies in These Areas

Source: CCAIRR findings.

I.

Why Integrate Adaptation
into Development?

The linkages between socioeconomic development and the need for adaptation are becoming
increasingly clear. The linkages between sustainable
development, climate change, and the respective
policies form a cyclic process (Figure A3.4).
Climate change is largely the result of greenhouse gas emissions associated with human
activities. The latter are driven by socioeconomic
development patterns characterized by economic
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Guideline 14

Guideline 16

Any risks that present generations may find
unacceptable should not be imposed on future
generations (Box A3.14).

Guideline 15
Policymaking, planning practices, and development activities should ensure that all future generations will be able to enjoy every important aspect of
life, including peace and security, a healthy
environment, a small risk of preventable catastrophe, conservation of knowledge, stable governance,
a good life for children, and opportunities for living
(Box A3.15).

Successful adaptation to climate variability and
change requires a programmatic approach that provides institutional and operational support for
individual projects. This will help minimize the limitations resulting from the short-term and narrow
nature of projects, thus reducing administrative and
related burdens and providing much more control
over the direction taken by individual projects. The
approach also increases the possibility of sustaining the benefits of a project, even after funding has
ceased, and expedites the proposal development
and approval processes, as well as implementation
(Box A3.16).

BOX A3.14

Indicative damage costs (upper green line) for Sapwohn Village as a result of flooding from heavy rainfall events are shown.
Without adaptation, the damage costs increase over time, and will have to be covered by future generations.
Source: CCAIRR findings.
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BOX A3.15
The Federated States of Micronesia (FSM) has
recently completed preparation of its first National
Strategic Development Plan, with financial and
technical support provided by the Asian Development
Bank (ADB).
For this case study, the ADB technical advisory team
worked with relevant government officials and with
the ADB consultants who drafted the Plan for the
sectors identified during the consultations as being
the appropriate foci for climate proofing, namely
infrastructure, health care, and environment.
The following examples taken from the Plan show how
it provides an enabling environment that fosters
climate-proofed development, and the links with
sustainable development.
Infrastructure
Criteria by which to rank projects nationally across
sector and state include
• impact of the project on the national economy;
• cost-benefit of project, taking into account
economic and social benefits;
• contribution of the project toward the health
and safety of the community;
• contribution of the project toward development
of the workforce in FSM to meet the social and
economic challenges;
• contribution of the project to institutional
strengthening and restructuring of government
infrastructure agencies;
• contribution of the project to promoting private
sector development; and
• viability, sustainability, potential social benefit
and environmental impact, and risk exposure of
the infrastructure development project.

Infrastructure [should be] located, built and
maintained in line with codes and practices that
provide full functionality for projected life time.
Infrastructure [should be] designed, located, built, and
maintained to avoid unacceptable risks to infrastructure
associated with natural hazards, including weather and
climate extremes, variability, and change.
Conduct risk assessments at state level and develop
national- and state-level guidelines to ensure that risks
to infrastructure development projects are identified
and addressed in a cost-effective manner at the design
stage (Office of the President, FSM 2004).
Health
Climate variability and change, including sea-level rise,
are important determinants of health and of growing
concern in FSM (as it is in all Pacific island countries).
The impacts are mostly adverse. Climate variability and
change can result in reduced quality and quantity of
water supplies, loss of coastal resources, reduction in
ecosystem productivity, and a decline in agricultural
productivity. Potential health impacts that have been
identified include vector-borne diseases (such as
dengue fever and malaria), water-borne diseases (such
as viral and bacterial diarrhea), diseases related to toxic
algae (such as ciguatera fish poisoning, which is
important in FSM where the protein source is fish),
food-borne diseases, food security and nutrition, heat
stress, air pollution, and extreme weather and climate
events (such as cyclones, high tides, droughts and storm
surges). Especially on atoll islands of FSM, storm surges
can result in injury and drowning. The adverse impacts
of many of these events will be exacerbated by sea-level
rise. Thus, climate change should be an important
consideration when assessing environmental health
issues and the consequent priorities for the health of
people in FSM (Office of the President, FSM 2004).

Risk Assessments Related to Natural Hazards
These studies should be conducted at the state level
and focus on existing risks to infrastructure (e.g.,
typhoons, landslides, drought) as well as determining
how those risks will be increased as a result of changes
in the future, including the consequences of global
climate change. The study will develop guidelines and
identify and recommend other measures to ensure
that the exposure of infrastructure to current and
future risks is reduced to acceptable levels.
Strengthen and adapt new building and other
relevant regulations and codes of good practice.

Environment
STRATEGIC GOAL 1: Mainstream environmental
considerations, including climate change, in economic
development (NEMS, FSMCCC, NBSAP, CES).
[Adopt] strategies and plans that address unacceptable
risks to the natural environment and built assets,
including those arising from natural hazards such as
weather and climate extremes, variability, and change.
Develop and implement integrated environmental and
resource management objectives that enhance resilience
(continued)
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BOX A3.15 (continued)
of coastal and other ecosystems to natural hazards
such as those associated with extreme weather events,
climate change, high tides, and sea-level rise.
All FSM communities will develop and implement risk
reduction strategies to address natural hazards such as those
related to current weather and climate extremes and
variability, while at the same time preparing for anticipated
impacts of climate change.
Identify structures, infrastructure, and ecosystems at risk
and explore opportunities to protect critical assets.

Integrate considerations of climate change and sea-level rise
into strategic and operational (e.g., land use) planning for
future development, including that related to structures,
infrastructure, and social and other services.
Document low-lying agricultural areas at risk from the effects
of natural hazards, including sea-level rise, and implement
appropriate land use planning and other measures.
Determine impact of climate change on the tuna industry as a
result of such effects as changed migration patterns of Pacific
tuna stocks, and implement strategies to minimize impacts on
this important industry (Office of the President, FSM 2004).

Source: CCAIRR findings.

BOX A3.16

NDS = national development strategy; UNFCCC = United Nations Framework Convention on Climate Change.
Source: CCAIRR findings.
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Guideline 17

Guideline 18

Emphasis must be placed on coordinating activities—taking advantage of synergies, minimizing
duplication, and avoiding redundancies—in order
to complement other development efforts. Priority
should be given to adaptation activities that deliver
tangible and visible benefits, rather than on exploratory studies, i.e., to activities that deliver outputs
and outcomes that are of at least equal relevance
and value to those provided by mainline ministries;
this can help offset the fact that climate change is
often perceived as a longer-term issue, while other
challenges, including food security, water supply,
sanitation, education, and health care, require more
immediate attention (Box A3.17).

A commitment should be made to the ongoing
practice of monitoring, reviewing, and strengthening adaptation activities. Methods used should emphasize transparency, consistency, and accountability, as well as fostering continued improvement in
the efficiency with which outcomes are delivered,
and in their contributing to sustainable national
development.

BOX A3.17

BOX A3.18

The establishment and ongoing work of the Pohnpei Task
Force to Assess and Manage Weather- and Climate-related
Risks and of the Pohnpei Climate Change Adaptation
through Integrated Risk Reduction Team (see Box A3.2)
have resulted in improved coordination of climate-related
activities at the state level. The climate proofing of the
National Strategic Development Plan (see Box A3.15) and
of relevant regulations (see Box A3.5) has also given
direction to climate risk assessment and provided the
mechanisms whereby climate-related risks can be
managed within the planning and regulator y
environments.

A major requirement is the reviewing and revision of
priorities, given that there will never be sufficient capacity
(financial, human, technological, etc.) to undertake all
activities that could reduce national and local vulnerability
to climate variability and change (including extreme events).
A key question that must be asked continually is whether
the activities to be implemented will be sufficient to allow
the country to maintain its economic, social, and
environmental systems despite changes in the climate. The
Federated States of Micronesia’s climate-proofed National
Strategic Development Plan will help ensure an affirmative
response to this question.

Source: CCAIRR findings.

Source: CCAIRR findings.
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Appendix 4

Guidelines for Policy and Decision
Makers and Other Key Players—
Cook Islands
A. Background and Purpose of these
Guidelines

Mainstreaming adaptation is the principal
focus of these Guidelines. They do not refer explicitly
to other related and important matters, including

U

•

nder its Climate Change Adaptation
Programme for the Pacific, the Asian
Development Bank (ADB) is facilitating
preparation of case studies1 that demonstrate a riskbased approach to adapting to climate variability
and change (including extreme events), and the
mainstreaming of the adaptation process. These
Guidelines for Mainstreaming Adaptation to
Climate Change are based on the findings of the case
studies. They also reflect experience gained through
other investigations and by operational practice.
The Guidelines are intended to assist the
Government of the Cook Islands and other relevant
stakeholders in implementing policies, plans, and
operational procedures that result in integrating
adaptation to climate variability and change into
national and local development planning, decision
making and operations as an an integral and
sustainable part of the development process.
Prior to presenting the specific Guidelines,
important background information is provided by
asking and answering a series of questions that arose
in the course of preparing the case studies. With
respect to the Guidelines themselves, each has an
associated box that provides a practical example of
the application of the Guideline, with respect to one
of the case studies prepared in the Cook Islands.
1

Three case studies were carried out in the FSM and three in the Cook Islands.
Details are provided in the main part of this book.

•

adaptation policy frameworks—for details on
this topic refer, for example, to UNDP-GEF
(2003); and
adaptation measures as such—for national
examples see “First National Communication of
Cook Islands to the UNFCCC”; for regional
examples see Hay et al. (2003).

B. What is Meant by “Mainstreaming
Adaptation”?
In the context of addressing climate change
and related issues, the term “mainstreaming” is
used to describe the integration of policies and
measures to address climate change into ongoing
and new development policies, plans, and actions.
Mainstreaming adaptation aims to enhance the
effectiveness, efficiency, and longevity of initiatives directed at reducing climate-related risks,
while at the same time contributing to sustainable
development and improved quality of life.
Mainstreaming also endeavors to address the
complex tensions between development policies
aimed at immediate issues and the aspects of
climate policy aimed at longer-term concerns. The
tensions often become most apparent when choices
have to be made about the disbursement of limited
government funds—for example, choices between
supporting education and health care programs on
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the one hand and funding climate change
adaptation initiatives on the other. Indeed,
mainstreaming is largely about reducing tensions
and conflicts, and avoiding the need to make
choices, by identifying synergistic, win-win
situations. Thus mainstreaming focuses on “no
regrets” measures for adaptation.2

C. Why Mainstream Adaptation?
Even in the near future, climate change is likely
to impose untenable social, environmental, and
economic costs on the Cook Islands. Most of the
country is already experiencing disruptive
conditions that are consistent with many of the
anticipated adverse consequences of climate
change, including extensive coastal erosion,
drought, flooding and associated landslides, coral
bleaching, and higher sea levels.
The risks associated with the full spectrum of
climate-related hazards, from extreme events to the
consequences of long-term changes in the climate,
should be managed in a holistic manner as an
integral part of national development planning and
management. Most countries already have policies
and plans to manage financial risks, human health
risks, biosecurity risks, agricultural risks, transport
sector risks, and energy supply risks. Climateinduced disasters and climate change and variability
should also be included in the national risk
management portfolio.
National and state development plans and sector plans should include disaster risk management
strategies and climate change adaptation measures
to ensure that risks are reduced to acceptable levels. These measures, and the related strategies, will
help strengthen decision-making processes by requiring that specific programs and projects include
plans and measures to manage risks associated with
extreme events and with climate change and variability. The overall goal should be to manage, in a
holistic manner and as an integral part of national
development planning, the risks associated with the

2

“No regrets” measures for adaptation are consistent with sound environmental
management and wise resource use, and are thus appropriate responses to natural
hazards and climate variability, including extreme events; they are therefore
beneficial and cost effective, even in the absence of climate change.
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full spectrum of weather, climate, and oceanic hazards, from extreme events to the consequences of
long-term climate change.

D. What are the Strategic Considerations
that Underpin Adaptation to
Climate Change?
Key strategic considerations regarding
adaptation include the following:
•

•

•

•

•

•

•

•

Just as today’s development decisions will influence tomorrow’s climate, so too will tomorrow’s
climate influence the success of today’s development decisions.
Effective management of climate-related risks
prevents precious resources from being squandered on disaster recovery and rehabilitation.
Many disaster and climate change response
strategies are the same as those that contribute
in a positive manner to sustainable development,
sound environmental management, and wise
resource use; they are also appropriate responses
to climate variability and other present-day and
emerging stresses on social, cultural, economic,
and environmental systems.
Many development plans and projects under
consideration at present have life expectancies
that require future climate conditions and sea
levels to be given due consideration;
Exploring and undertaking actions to adapt to
current climate extremes and variability is of
value, both in dealing with today’s climaterelated problems and as an essential step in
building long-term resilience to withstand the
pending climate changes.
While many climate-related risks and losses are
manifested locally, measures to alleviate them
have important national and international
dimensions.
If adaptation is reactive, as opposed to
anticipatory, the range of response options is
likely to be narrower and adaptation may well
prove more expensive, socially disruptive, and
environmentally unsustainable.
It is easier to enhance the ability of ecosystems
to cope with climate change if they are healthy
and not already stressed and degraded.
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•

•

•

•

•

E.

Adaptation is, in large part, a continuous
dynamic process that reduces the exposure of
society to risks arising from climatic variability
and extremes.
Adaptation must reflect both recurrent historical
risks and new risks associated with climate
change.
Adaptation requires enhancement of institutional capacity, development of expertise, and
the building of knowledge. All these take time.
People will, as a result of their own resourcefulness or out of necessity, adapt to climate variability and change (including extreme events),
based on their understanding and assessment of
the anticipated or observed effects, and on the
perceived options and benefits for response. In
many cases, such adaptations will be adequate,
effective, and satisfactory.
Under some circumstances, however, such
adaptation may not be satisfactory or successful; an external entity, such as central or local government, may need to facilitate the adaptation
process to ensure that obstacles, barriers, and
inefficiencies are addressed in an appropriate
manner.

At a Practical Level, What does
Adaptation Mainstreaming Entail?

Adaptation mainstreaming has two key
practical components:
•
•

F.

creating and strengthening the enabling
environment for adaptation; and
integrating adaptation planning and implementation into existing and new development policies, plans, and actions.

What is the “Enabling Environment”
for Adaptation?

The “enabling environment” for adaptation
comprises the systems and capabilities that foster
the adaptation process, including innovation,
revitalization of traditional practices, application of
human knowledge and skills, policies, financing,
legislation and regulations, information, markets,

and decision support tools. It provides the context
within which development projects and related
initiatives occur and ensures that they are effectively
“climate proofed” (Table A4.1).

G. The Adaptation Mainstreaming
Guidelines
The following Guidelines are grouped into three
categories, related to
•
•
•

the principles underlying the mainstreaming of
adaptation,
enhancing the enabling environment for
adaptation, and
the process of mainstreaming adaptation.

Guidelines Relating to the Principles
Underpinning the Mainstreaming of
Adaptation
Guideline 1
Manage climate risks as an integral part of
sustainable development. Climate change is largely
the result of greenhouse gas emissions associated
with human activities. The latter are driven by
socioeconomic development patterns characterized
by economic growth, technology uptake and
application, population growth and migration, and
adjustments in governance. In turn, these
socioeconomic development patterns influence
vulnerability to climate change, as well as the human
capacity for mitigation and adaptation. The cycle is
completed when climate change impacts on human
and natural systems, to influence socioeconomic
development patterns and, thereby, greenhouse gas
emissions.
The artificial separation of these activities results
in missed opportunities for synergies, unrecognized
and undesirable trade-offs, and mutual interference
in ensuring successful outcomes. The benefits arising from integrating climate policy into wider
development policies can be greater than the sum
of concurrent but independent policy initiatives.
Effective management of the risks to natural and
human systems that arise from climate variability
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Table A4.1. The Multiple Dimensions of the Enabling Environment
Enabling Environment for
Sustainable Development

Enabling Environment for
Climate-Proofed Development

Climate-Proofed
Development

Favorable macroeconomic conditions
Available and affordable financing
Robust and responsive legal and
regulatory regimes
Climate-proofed national development
strategy
Empowered and equitable involved
stakeholders
Equitable allocation of rights, responsibilities, and benefits

Climate Proofed:
•
•
•
•
•

Economic and social
development programs and
projects that are compliant
with climate-proofed
policies and plans

Development plans
Resource use plans
Regulations
Codes
Permitting procedures

Needs-driven and targeted information
Relevant and applicable standards,
codes, methodologies, and tools
Functional, sustainable technologies
(hard and soft)
Supportive human and institutional
capacities

Note: Longer-term interventions at national and subnational levels, often with support from the international community, are required to create and strengthen the
enabling environment.
Source: CCAIRR findings.

and change, and their integration with planning for
sustainable development, gives rise to additional
guidelines.
Policy making, planning practices, and development activities should ensure that all future generations will be able to enjoy every important aspect of life, including peace and security, a healthy
environment, a small risk of preventable catastrophes (including those related to climate variability
and change), conservation of knowledge, stable governance, a good life for children, and opportunities
for living (Box A4.1).
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Guideline 2: Ensure Intergenerational
Equity Related to Climate Risks
Any climate-related risks that present generations may find unacceptable should not be imposed
on future generations (Box A4.2).

Guideline 3
Adopt a coordinated, integrated, and long-term
approach to adaptation. Successful adaptation to
climate variability and change requires a programmatic approach that provides institutional and
operational support for individual projects; this
will help minimize the limitations resulting from
the short-term and narrow nature of projects, thus

Climate Proofing: A Risk-based Approach to Adaptation

164

22/11/2005, 8:23 PM

BOX A4.1
The Cook Islands is currently preparing a National Development Strategy, with financial and technical support provided by the
Asian Development Bank and regional organizations. The Climate Change Adaptation Program for the Pacific technical assistance
team worked with relevant government officials and other stakeholders, and suggested ways in which the strategy might be
climate proofed.
Examples of the way in which the strategy provides an enabling environment that fosters climate-proofed development, and the
links with sustainable development, are provided below.

Strategic Priority 4: Improved Quality of Health Services
Key Challenges

Key Objectives

Key Actions Required

Establish long-term preventive
health care programs that take
into account climate variability
and change.

Improve the health and well-being of Cook
Islanders.

• Strengthen public health programs.
• Conduct assessments of climate-related health
risks.

Address the impacts of climate
variability and change (including
extreme events) on the health
and welfare of Cook Islanders.

Recognize and strengthen contingency response • Improve the effectiveness of the tutaka (annual
plans for disease outbreaks.
health department inspection of properties).
• Use technical and scientific tools to map and
predict disease outbreaks.
• Strengthen border control.

Strategic Priority 4: Improved Quality of Health Services
Key Challenges

Key Objectives

Key Actions Required

Recognize that high-quality
environment is the key to a viable
tourism business.

All tourism businesses are committed and use
environmentally friendly practices.

• Implement PATA guidelines for tourist businesses.
• Establish stringent performance standards for
tourism.
• Recognize the impacts of over-water resorts and
their high vulnerability to extreme weather and
climate events.

Reduce the vulnerability of the
tourism sector to climate
variability and change, including
extreme events.

Implement risk management strategies that
reduce the impact of extreme climate events on
tourism to acceptable levels.

• Identify and prioritize the climate-related risks
facing the tourism industry.·Strengthen disaster
management.
• Develop in-house risk management strategies.

Note: PATA = Pacific Asia Travel Association.
Source: CCAIRR findings.
(continued)
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BOX A4.1 (continued)

Strategic Priority 9: Protection, Conservation, and Sustainable Management
of the Environment and Natural Ecosystems1
Key Challenges

Key Objectives

Key Actions Required

Maintain the quality of the
environment and of natural
ecosystems.

Develop robust regulations and guidelines that
protect the environment.

• Strengthen EIA procedures in ways that reduce
political interference in environmental
management.
• Ensure that Outer Islands opt into the
Environment Act.
• Strengthen National and Island Environmental
Councils.

Minimize the adverse consequences of climate change on the
economy, society, and environment.

Develop climate change adaptation strategies
that address unacceptable risks arising from
natural hazards including climate change.

• Develop simple and easy-to-follow procedures.
• Improve technical expertise and decision-making
processes.
• Strengthen national institutional arrangements
for the effective implementation of climate
change policies and plans.

Integrate climate change and sea-level rise in
strategic and operational impact assessments
and other regulatory procedures.
Harmonize responses to climate
change with other sustainable
development initiatives.

Increase efficiency of energy use and convert to
renewable energy sources to minimize greenhouse gas emissions.

• Formulate a national energy sector policy.
• Decrease the use of imported petroleum fuels
through conservation, efficiency, use of
renewable energy, and other measures.

Note: EIA = environmental impact assessment.
1

A strategic priority related to the environment is being developed and discussed by the National Task Force. The information provided here is
intended to assist and guide the Task Force in its work concerning the strategic priority on the environment.

Source: CCAIRR findings.

reducing administrative and related burdens and
giving much more control over the direction taken
by individual projects. The approach also increases
the possibility of sustaining the benefits of a project
even after funding has ceased, and expedites the
proposal development and approval processes, as
well as implementation (Box A4.3).

as well as from the top down; this calls for enduring
partnerships at all stages of the adaptation process,
ensuring active and equitable participation of private and public stakeholders, including business,
legal, financial, and other stakeholders (Box A4.4).

Guideline 5
Guideline 4
Achieve the full potential of partnerships. Adaptation activities should be based on cooperation
to bring about desired changes, from the bottom up
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unsustainable, or unsafe technologies for adaptation must be avoided. Technology recipients should
be able to identify and select technologies that are
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appropriate to their actual needs, circumstances,
and capacities and are classed as “sustainable technologies”—i.e., environmentally sound, economically viable, and socially acceptable. For example,
some approaches to coastal protection have proven
to be inadequate (e.g., weight of rocks making up a
breakwater is inadequate relative to the energy of the
significant wave), unsustainable (e.g., sea walls often accelerate erosion for adjacent, unprotected areas of the coast) or unsafe (e.g., a breakwater may, in
some instances, exacerbate the volume and speed of
seawater overtopping the foreshore area) (Box A4.5).

BOX A4.3

Guideline 6
Base decisions on credible, comparable, and objective information. Ideally, the measurements and
assessments required to provide this information
will be made using internationally recognized, but
locally adapted, methodologies and tools, thereby
helping to ensure comparability between information collected by different assessors (Box A4.6).

Adaptation aims to enhance the resilience and decrease the
vulnerability of the society, economy, and environment to the
adverse consequences of climate variability and change,
including extreme events. In most situations, this will be carried
out through a combination of effective social and economic
development planning, sound environmental management, and
pro-active approaches to disaster reduction. The challenge is to
ensure that all three are harmonized through a long-term and
coordinated approach.
Source: Adapted from Raymund Hay (1993), Hay and MacGergor
(1994), and deWet (1999).

BOX A4.2
BOX A4.4
Successful adaptation is dependent on increased awareness
of climate change issues, and a commitment to taking action
to address them. Often people with technical backgrounds
are reasonably aware of the issues related to climate change
and the responses that are required, but overall, policy
makers are not so well informed on the issues and, hence,
not so aware of the actions that are required. Their buy-in
can be facilitated by having them recognize that both
disasters and climate change are significant impediments
to successful economic development—i.e., they represent
risks to regional, national, and local economies—and that
countries are already experiencing the manifestations of
these risks, in the form of recent disasters, but also via
climate variability. Such information will help secure highlevel political endorsement for adaptation activities,
ensuring their efficient and effective implementation.
Indicative damage costs are shown (sloping line) for the AvatiuRuatonga study area as a result of flooding from heavy rainfall events.
Without adaptation, the damage costs increase over time, and will
be an imposition on future generations.

Source: CCAIRR findings.

Source: CCAIRR findings.
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BOX A4.5
To help avoid the uptake and application of inadequate,
unsustainable, or unsafe technologies, the United Nations
Environment Programme has developed a decision support
tool for use by stakeholders, including communities and
local governments. Environmental Technology Assessment
(EnTA) is a systematic procedure whereby a proposed
technology intervention is described and appraised in terms
of its potential influence on the environment, the
implications for sustainable development, and the likely
cultural and socioeconomic consequences. Furthermore,
the assessment process requires consideration of alternative
technologies and other options, thereby providing a
mechanism for comparing the impact of a variety of possible
interventions

EnTA is designed to facilitate multistakeholder dialogue
leading to consensus decision making. It helps planners,
decision makers in government, the private sector,
communities, and other stakeholders to reach a consensus on
the proposed technology investment, by facilitating an
agreement to select a technology that will be the most
environmentally sound, socially acceptable, and economically
viable, for a specified location and application.
Through early recognition of key issues, possible alternatives,
potential solutions, and areas of consensus, EnTA allows
further effort to focus on points of major conflict and dispute.
This reduces information and time requirements and
facilitates disclosure of all relevant information to decision
makers, so that a fully informed decision can be made.

Source: CCAIRR findings.

BOX A4.6
An important part of the Climate Change Adaptation Program for the Pacific is the cost-benefit analyses of climate-related risks
and adaptation measures. These are undertaken using a state-of-the-art model. The damage arising from any given event is
valued as the percentage of the current baseline value of each of the sectors that is destroyed by the event, e.g., a flood of a certain
magnitude destroys x% of the current housing stock plus y%of public buildings, etc.—i.e., the “damage function” is specified.
These damage values are summarized for each event, e.g., a specified flood will result in damage valued at $X million to
infrastructure and land forms. Given the probability of the damage occurring or, equivalently, the average frequency with which
it occurs under the baseline or under climate change, an annual expected damage value for each scenario is calculated, thus
forming a time series of expected damage values associated with each possible event. In each case study, the expected damages
resulting from all relevant events are summarized for each year. The difference between the annual expected damage values
under (i) a climate change scenario, and (ii) the baseline is the annual increase in expected damage due to climate change. This
difference is the maximum potential benefit under the scenario of introducing adaptation measures.

Cost-Benefit Analysis for Reduction of Flood Damage From Heavy Rainfall, Avatiu-Ruatonga1
Adaptation Option

Deepen Stream Bed 1 m
Increase Culvert to 1.4 m

Reduction in Damage Costs
(%)
No CC

With CC

60.6
0

59.3
0

Adaptation Cost
(NZ$ thousand)

1,620
78,571

Source: CCAIRR findings.
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Cost/Benefit
(%)

0.92
0

Guideline 7
BOX A4.8

Maximize the use of existing information and
management systems. Wherever possible and practical, make use of existing management systems. This
may well require additional initial effort to source
and harmonize dispersed and disparate sets of
information, but is likely to result in a strengthening
of existing information management systems as
opposed to their marginalization (Box A4.7).

Guideline 8
Strengthen and utilize in-country expertise in
the technical and policy dimensions of adaptation
to climate change (Box A4.8).

Local technical capabilities in such areas as geographical
information system (GIS), surveying, and vulnerability and
adaptation assessments were identified, with technically
qualified personnel forming the Cook Islands Climate
Change Adaptation Program (CLIMAP) for the Pacific Team.
Members of the Team undertook the field work to determine
spot heights and locations of structures and infrastructure
in the Avatiu-Ruatonga study area, as well as gathering
detailed descriptive and flood damage information through
visual inspection and interviews. All information for the
Avatiu-Ruatonga study area was imported to a GIS;
members of the CLIMAP team based in the Ministry of Works
undertook to process the information.
Source: CCAIRR findings.

BOX A4.7

Guideline 9
For the case studies undertaken in the Cook Islands, local
data holdings were identified, including information in
geographical information systems maintained by the
Ministry of Works and the Statistics Office. Health care data
for Rarotonga were obtained from the Public Health tutaka
(annual inspection of properties by local health department
officials), of the Ministry of Health. Aerial photographs and
maps were obtained from the Ministry of Works. Relevant
historic information is held by National Library and National
Archive. Weather data were sourced through the Cook
Islands Meteorological Service. Tide gauge data were
obtained from the University of Hawaii and from the
National Tidal Centre in Australia. Documents such as First
National Communication to the United Nations Framework
Convention on Climate Change and state and national
disaster reports were also consulted.
Spot heights and locations of structures and infrastructure
in the Avatiu-Ruatonga study area were determined using a
global positioning survey survey system, supplemented by
data available from earlier surveys. At the same time,
detailed descriptive and flood damage information were
obtained for each structure, through visual inspection and
interviews conducted by members of the Cook Islands
Climate Change Adaptation Program for the Pacific Team.
All data used in the case study have been placed in a
cooperative archive maintained by the Ministry of Works and
the Meteorological Office.

Wherever possible and practical, strengthen and
maximize use of existing regulations, codes, tools,
and regulatory instruments to guide selection and
facilitate implementation of adaptation measures:
examples of this process include environmental
impact assessments and building codes. This is likely
to result in a strengthening of existing tools and
regulations, rather than weakening them through
confusion and inadequate enforcement (Box A4.9).

Guidelines Relating to Enhancing the
Enabling Environment for Adaptation

Guideline 10
Climate proof relevant legislation and
regulations. The enabling environment for
adaptation is enhanced when legislation and
regulations that facilitate adaptation are introduced
and strengthened, and also when the compliance
monitoring and enforcement capabilities of relevant
regulatory agencies are improved (Box A4.10).

Source: CCAIRR findings.
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BOX A4.9

The risk-based approach to adaptation used in the Climate Change Adaptation Program for the Pacific case studies follows methods
consistent with international risk management standards, including Australia and New Zealand standard 4360.

The Risk Assessment Framework Used in the CLIMAP Case Studies
The assessment of climate-related risks, and the cost-benefit analyses of adaptation measures, have been facilitated by the use of
SimClim, an “open-framework” modelling system to integrate data and models for examining impacts of and adaptation to climate
variability and change. User-friendly, Windows-based interfaces allow users to import climate (and other) data for geographical
areas and spatial resolutions of their own choice and to attach impact models for relevant sectors (e.g., agricultural, coastal,
health, water resources). By selecting among emission scenarios, global climate model (GCM) climate change patterns, climate
sensitivity values, and time horizons, the user has considerable flexibility in generating scenarios of future climate changes that
can be used to drive impact models. SimClim contains a custom-built geographic information system for spatial analyses of
results, and tools for examining site-specific time-series data, including analyzing extreme events and estimating return periods.
SimClim combines site-specific and spatial data (from global, regional, national to local scale, depending on user specification).
Required inputs include spatially interpolated monthly climatologies for precipitation and minimum, maximum, and mean
temperature; GCM spatial patterns of climate changes; and site time-series climate data (hourly, daily, and/or monthly). Key
outputs are user-specified spatial and temporal patterns and parameters of baseline climatologies; scenarios of future climates;
and outputs from the climate-driven impact model.
Source: CCAIRR findings.
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BOX A4.10

BOX A4.11

The Avatiu-Ruatonga case study resulted in a recommendation that the Building Code, health regulations, environmental impact assessment regulations, and other appropriate regulatory instruments be amended to include
provisions such that when new buildings are constructed,
or existing buildings are modified substantially, allowance
is made for the following climate-derived risks:

During the early stages of planning for the Climate Change
Adaptation Program for the Pacific Project (CLIMAP) in the
Cook Islands, a decision was made not to establish a new
body that would serve as the CLIMAP Project Liaison
Committee. Rather, the existing National Climate Change
Country Team was strengthened in both breadth and
relevance of membership and the preparation and approval
of formal terms of reference.

•
•

•

Within the next few decades, wind gusts may exceed the
current design wind speed of 49 mss-1;
Erecting structures in locations where the risk of flooding
as a consequence of heavy rainfall, storm surges, or these
in combination is significant should be avoided.
New structures are required to have a minimum floor
height that prevents them from being flooded as a
consequence of heavy rainfall, storm surges, or these in
combination.

Source: CCAIRR findings.

Guideline 11
Strengthen institutions to support the climate
proofing of development. Organize and strengthen
institutions in ways that
•

•
•

•

enhance communication between climate risk
assessors and adaptation policy makers and
implementers;
reduce the likelihood of conflict and duplication
of effort when managing climate-related risks;
lessen the chances of mistrust and misunderstanding between decision and policy makers
and other stakeholders in adaptation activities;
and
overall, help to provide consistent, defensible
and useful advice to policy and decision makers
with respect to adaptation priorities and
practices (Box A4.11).

Guideline 12

Among the key benefits of this approach:
• the Committee is already institutionalized and
recognized by the Government and other stakeholders;
• the time of the limited number of national and local
experts is used more efficiently and effectively;
• continuity and collective memory can be called on,
as the Country Team is an ongoing entity;
• enhanced linkages exist with other climate-related
projects being undertaken within the Cook Islands;
• the Government and other stakeholders will have one
ongoing source of consistent advice;
• the Country Team includes representatives from the
Outer Islands as well as Rarotonga; and
• the Country Team maintains effective linkages with
regional organizations and climate change teams in
other countries in the region.
Source: CCAIRR findings.

conditions that favor successful adaptation
activities include those that foster economic
transparency. Such conditions are needed in order
to ensure that climate-related risks are not masked
or compensated for by hidden subsidies and thereby
transferred to the wrong parties. Involvement of the
private sector in adaptation (e.g., investors and other
players in the finance sector) will be encouraged by
macroeconomic conditions that include low
inflation, stable and realistic exchange and interest
rates, pricing that reflects the true (marginal and
fully internalized) costs of materials, energy, labor
and other inputs; deregulation; free movement of
capital; operation of competitive markets; open
trade policies, and transparent foreign investment
policies (Box A4.12).

Ensure that macroeconomic policies and
conditions favor climate proofing. Macroeconomic
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BOX A4.12

BOX A4.13

An adaptation plan under consideration for AvatiuRuatonga is for international agencies and aid provider to
make initial contributions to a trust fund. Subsequently,
interest from the fund would be used to cover the
incremental costs of adaptation. For example, when a home
is rebuilt or renovated, the National Building Code and other
regulations will require the owner to climate proof the
structure. The additional expense to do this would be
covered by the trust fund, thereby reducing the size of the
loan the homeowner would need to obtain from the
financial sector.

All lenders have an interest in protecting the value of the
asset against which a loan is secured. In Rarotonga, new
residential construction, and substantive improvements in
existing dwellings, are financed through loans from a variety
of private sector financial institutions. Senior officials in
these institutions are aware of the incremental risks due to
climate change and are considering making approval of
loans contingent on the climate-proofing of any construction
being..

Source: CCAIRR findings.

Guideline 13
Ensure favorable access to affordable financing
for climate-proofed development initiatives.
Address the present reluctance of banks and other
lending institutions to finance adaptation activities,
due to the perception that they involve longer-term
projects that have high levels of risk. Help reduce
this barrier by promoting institutions, arrangements,
and mechanisms that can provide innovative
financing, including microfinance, green finance,
secured loans, leasing arrangements, and publicprivate partnerships, thereby allowing adaptation to
proceed without government intervention (Box
A4.13).

The Government is also considering seeking support from
the international community to meet the documented
incremental costs of adaptation to climate change, with a
focus on the Climate Fund established by the United Nations
Framework Convention on Climate Change and overseen
by the Global Eenvironment Facility. The intention would
be to establish a trust fund for the community. Interest from
the fund would cover, on an ongoing basis, the incremental
costs of adaptation for new dwellings and for the
replacement and renovation of existing dwellings.
Source: CCAIRR findings.

Guideline 15
Replicate the knowledge, motivation, and skills
that facilitate successful adaptation. Identify the
motivations that drive various stakeholders to
engage in the adaptation process, and replicate these
motivations in other players, through education,
training, and other initiatives (Box A4.15).

Guidelines Relating to the Process of
Mainstreaming Adaptation

Guideline 14
Document the relevant major risks to the
economy and society resulting from climate
variability and change (including extreme events),
characterizing these in terms of their probabilities
of occurrence, associated economic and social
consequences, and degree that they require
sustained attention (Box A4.14).
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Guideline 16
Enhance the capacity for continuous adaptation.
Adaptive capacity is a complex and a dynamic mix of
social, economic, technological, biophysical, and
political conditions that determines the capacity of a
system to adapt. These factors vary over time, location,
and sector. The main features of communities,
countries, and regions that determine their adaptive
capacity include economic wealth, technology,
information and skills, infrastructure, institutions, and
equity. By addressing these factors, it is possible to
enhance adaptive capacity (Box A4.16).
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BOX A4.14

Climate change will alter the risk of flooding due to
high sea levels.

Number of tropical cyclones per year passing close to, and
affecting, Rarotonga.

Observed and projected likelihoods of a 300-mm daily rainfall within a 50-year time horizon centered on the
given data. Data are for Rarotonga. Projections are based on CSIRO global climate model (GCM) with A1B
emissions scenario and “best estimate” for GCM sensitivity.

Source: Kerr (1976), Revell (1981), Thompson et al. (1992), d’Aubert and Nunn (1994), Fiji Meteorological Service (2004) and Ready
(pers. comm.).

In Avatiu-Ruatonga,
for a rainfall event with
a 12.2-year return
period, between the
present and 2050,
the area flooded is
projected to increase
and the maximum
flood depth to increase
from 1.6 m to 1.7 m.
Source: CCAIRR findings.
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BOX A4.15

BOX A4.16
Climate proofing the National Development Strategy for the
Cook Islands will help develop the adaptive capacity of the
country through the strengthening of governance, law and
order; improving macroeconomic stability; supporting
economic development; improving the quality of education
and health services; improving the standard of infrastructure
and the provision of utilities; increasing food self-sufficiency
and security; enhancing the development and management
of marine resources and tourism; and protecting,
conserving, and managing the environment and natural
ecosystems in a sustainable manner.
Source: CCAIRR findings.

Among the coping strategies already in use in the
Avatiu-Ruratonga study area is elevated living areas.

Guideline 17
Through formal and informal consultative processes,
including workshops and interviews, stakeholder
perceptions of climate related risks to the Avatiu-Ruratonga
community were identified. These included flooding
resulting from high rainfall events, inundation due to high
sea levels, wind damage, and illness from water-borne and
other diseases during times of weather extremes. Data were
analysed using SimClim (see Box 6) in order to characterize
these risks and examine potential adaptation options.
Interviews and direct observations revealed a range of
existing coping mechanisms which, given the preference for
no regrets adaptation options, provided a basis for
identification of possible adaptation measures.
Subsequently, preparedness, training (“transfer and apply”)
and awareness-raising workshops were used, along with
public awareness campaigns and a national forum, to ensure
that all stakeholders were familiar with the study’s findings
and committed to their uptake and application.

Ensure that climate-proofing activities complement other development initiatives. Emphasis must
be placed on coordinating activities, taking advantage of synergies, minimizing duplication, and
avoiding redundancies. This will help ensure that
climate-proofing activities complement other development efforts. Priority should be given to adaptation activities that deliver tangible and visible benefits, rather than on exploratory studies—i.e., emphasis should be on activities that deliver outputs
and outcomes that are of at least equal relevance and
value to those provided by mainline ministries. This
can help offset the fact that climate change is often
perceived as a longer-term issue, while other challenges, including food security, water supply, sanitation, education, and health care, require more immediate attention (Box A4.17).

Guideline 18

Source: CCAIRR findings.

Adaptation outcomes are a process of continual
improvement. This necessitates a commitment to,
and ongoing practice of, monitoring, reviewing, and
strengthening adaptation activities; methods used
should emphasize transparency, consistency and
accountability, as well as fostering continued
improvement in the efficiency with which outcomes
are delivered and in their contributions to
sustainable national development (Box A4.18).

174

ClimaxAppdx.pmd

Climate Proofing: A Risk-based Approach to Adaptation

174

22/11/2005, 8:23 PM

BOX A4.17

BOX A4.18

Strengthened capacity and the ongoing work of the National
Climate Change Country Team (see Box A4.11) have resulted
in improved coordination of climate-related activities at
both the national and local (e.g., Outer Island) levels. The
climate proofing of the National Development Strategy (see
Box A4.1) and of relevant regulations (see Box A4.10) has also
given direction to climate risk assessment and provided the
mechanisms by which climate-related risks can be managed
within the planning and regulatory environments.

A major requirement is the reviewing and revision of
priorities, given that there will never be sufficient capacity
(financial, human, technological, etc.) to undertake all
activities that could reduce national and local vulnerability
to climate variability and change (including extreme events).
A key question that must be asked continually is whether the
activities to be implemented will be sufficient to allow the
country to maintain its economic, social, and environmental
systems despite changes in the climate. The climate-proofed
National Development Strategy for the Cook Islands will help
ensure an affirmative response to this question.

Source: CCAIRR findings.

Source: CCAIRR findings.
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Appendix 5

Mainstreaming the Economic
Analysis of Adaptation to Climate
Change Within ADB
A. Introduction

T

he purpose of this Annex is to amplify the
work of the Asian Development Bank’s
(ADB’s) Climate Change Adaptation Program for the Pacific (CLIMAP) Technical
Assistance regarding the economic impact of
climate change risks and the costs and benefits of
measures to reduce such risks. The ultimate objective of CLIMAP, after demonstrating the practical significance of climate change in the Pacific region, is
to assist in the “mainstreaming” of climate change
risk assessment and adaptation into economic
development and investment planning in general,
and into ADB program/project preparation in particular. Mainstreaming climate change considerations within ADB will have a direct impact on ADB’s
activities throughout Asian and Pacific countries,
and is likely to have a substantial indirect impact
on the parallel activities of member governments
and other aid providers.
As described in the body of this book, the
CLIMAP Technical Assistance has taken two
complementary paths: i) an ADB-level review of attempts to deal with climate change in past projects
in the Pacific, and recommendations based on lessons learned for incorporating (“mainstreaming”)
climate change considerations (including adaptation) into ongoing and future ADB projects and programs; and ii) a detailed, country-level, on-theground preparation of specific climate risk case
studies in the Federated States of Micronesia (FSM)
and Cook Islands, with quantification of climate risk
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in selected study areas and development of methodologies for assessing the costs and benefits of
adaptation.
For ease of reference, the ADB-level reviews and
country-level case studies that have been carried out
by CLIMAP are summarized below (Table A5.1). The
reviews provide a Climate Profile for each of eight
Pacific island countries1 and 19 Project Adaptation
Briefs (preliminary project-level risk assessments)
for ADB “pipeline” projects in those countries. The
reviews do not include detailed specification or
costing of adaptation options on which economic
analysis could be performed; rather, this is identified
as the next step in project development, to be
undertaken by the respective project preparatory
technical assistance (PPTA) consultants. The case
studies in the FSM and Cook Islands provide six indepth risk assessments of selected study areas based
on physical and community surveys and detailed
computer modeling, and include specification and
costing of adaptation options and associated costbenefit analyses.
The country-level case studies carried out in the
FSM and Cook Islands have documented a substantial impact of climate change on infrastructure
projects, sectors, and national development in those
countries, mirrored at the project and sector level
by the ADB-level reviews carried out for eight
Pacific island countries. Climate change is a global
issue of major concern, as it has a high potential to

1

Cook Islands, Fiji Islands, FSM, Kiribati, Republic of the Marshall Islands, Samoa,
Tonga, and Tuvalu.
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Table A5.1. Climate Change Adaptation Program for the Pacific—ADB-Level Reviews

Countries with a
Climate Profile
Cook Islands

FSM

Projects for which a
Project Adaptation Brief
has been Prepared

Identified Risk Factors

Water and Sanitation Project for
Rarotonga and Aitutaki

Floods
Drought
Severe weather

Review of Electric Generation
Capacity and Alternative Energy
Project

Floods
High winds

Flood prevention
Daesign modifications
Alternative sites

Omnibus Infrastructure
Development Project

Floods
Drought
Sea-level rise
Severe weather
Storm surge

Watershed management
Design modifications
Alternative sites
Erosion control

Catchment protection
Watershed management
Design modifications
Alternative sites

Outer Island Transport Project

Fiji Islands

Design modifications
Alternative sites
Erosion control
Breakwaters

Waste Management and Environment
Project

Floods
Sea-level rise
Severe weather
Storm surge

Design modifications
Alternative sites
Erosion control
Breakwaters

Fisheries Sector Review Project

Higher seawater temperatures
(reducing catches)
Lagoon and reef sedimentation
Severe weather
Storm surge

Coastal management
Catchment protection
Design modifications
Alternative sites

Fourth Roadbuilding Upgrade Project
Tourism and Infrastructure Project

Floods
Sea-level rise
Severe weather
Storm surge
Design modifications
Alternative sites

Design modifications
Alternative sites
Alternative crops
Design modifications
Alternative sites

Urban Development Project

Kiribati

Suggested Possible
Adaptation Measures

Increased water storage
Design modifications
Alternative sites

Kiribati Mariculture Project

Higher seawater temperatures
(reducing catches)
Floods
Sea-level rise
Severe weather
Storm surge

Capacity Building for Water
Use Project

Floods
Drought
Sea-level rise
Severe weather
Storm surge

Change species cultivated
Shift to alternative livelihoods

Watershed management
Design modifications
Alternative sites
Erosion control
Breakwaters

National Water Resources Assessment
Project

continued
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Table A5.1. (continued)

Projects for which a
Project Adaptation Brief
has been Prepared

Countries with a
Climate Profile

Identified Risk Factors

Suggested Possible
Adaptation Measures

Outer Islands Basic Social Services Project

Floods
Drought
Severe weather
Storm surge

Increased water storage
Design modifications
Alternative sites

Outer Islands Transport
Infrastructure Project

Floods
Severe weather
Storm surge

Design modifications
Alternative sites

Preparation of Sanitation and
Drainage Project II

Floods
Drought
Sea-level rise
Severe weather
Storm surge

Design modifications
Alternative sites
Erosion control
Breakwaters

Savai’i Energy Project

Floods
Drought
Severe weather
Storm surge

Watershed management
Design modifications
Alternative water sources
Erosion control
Breakwaters

Tonga

Agriculture Development Project

Floods
Drought
Sea-level rise
Severe weather

Watershed management
Design modifications
Alternative sites
Erosion control
Breakwaters

Tuvalu

Waste Management and Recycling Project

Flooding
(contamination of groundwater)
Drought (depletion of groundwater)
Severe weather
Storm surge

Catchment protection
Design modifications
Alternative sites

RMI

Samoa

Water, Sanitation, and
Waste Management Project

Notes: FSM = Federated States of Micronesia; RMI = Republic of Marshall Islands.
Source: ADB records.

undermine the process of economic development
and growth in countries and across regions, and to
reduce the returns on investment in infrastructure,
social services, and income opportunities. Climate
change represents a permanent long-term net cost.
Adaptation to climate change is a means of minimizing, but not eliminating, that net cost. In this
light, the economic analysis of climate change im-

178

ClimaxAppdx.pmd

pacts and adaptation options is ultimately identical
to the least-cost analysis normally undertaken by
ADB and other agencies for mainstream project and
program development. The purpose of the balance
of this Appendix is to outline methods of integrating the economic analysis associated with climate
change into ADB’s conventional procedures, and to
provide illustrative examples.
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Table A5.2. Climate Change Adaptation Program for the Pacific Country-level Case Studies

Countries
Cook Islands

FSM

Study Areas for which Detailed
Analysis has been Completed

Identified Risk Factors

Adaptation Measures
Specified

Climate Proofing the Western Basin
Storm surges (at least 12 m)
Breakwater, Avatiu Harbor, Rarotonga Sea-level rise (at least 0.5 m)

Modified design of the breakwater*

Climate Proofing the Community of
Avatiu-Ruatonga, Rarotonga

Flood (2-hourly rainfall with
12-year recurrence increases from
present 200 mm to 236 mm by
2050)
Storm surges
Severe weather

Deeper drainage channels
Better land use regulations and
building codes

Climate Proofing Cook Islands
National Development Strategy

All climate-related impacts

Identification of sectors of high
climate risk
More sector-specific risk assessment
Better climate-related information
and better capacity to use it
Appropriate legislation and local
regulations as required

Climate Proofing a Portion of the
Circumferential Road in Kosrae

Flooding (increase in design
extreme rainfall event from
7 to 10 inches per hour)
Storm surges

Modifications to the hydraulic
design features

Climate Proofing the Community of
Sapwohn, Sokehs Island, Pohnpei

Flood (25-year hourly rainfall
increases from present 210 mm to
393 mm by 2050)
High sea levels

Modifications to drainage channels
Better land use regulations and
building codes

Climate Proofing the FSM
Sustainable Development Plan

All climate-related impacts (main Identification of sectors of high
focus on health care, environment, climate-risk
and infrastructure)
More sector-specific risk assessment
Better climate-related information
and better capacity to use it
Appropriate legislation and local
regulations as required

Notes: FSM = Federated States of Micronesia.
* Feasibility study delayed.
Source: ADB, CCAIRR findings.
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B. Methodology
To mainstream a new concept such as climate
change in ADB’s preparation of programs and
projects requires that documentation be i) sufficiently rigorous and appropriate to each step of the
preparation process, from country strategy to
project implementation, to ensure clear and defensible results; and ii) reasonably congruent with
existing procedures, thus minimizing any additional
burdens imposed on either staff time or consultant
services. In outline, the documentation recommended by CLIMAP begins with a Climate Risk
Profile (CRP), which provides a general assessment
of climate risk at the country level and identifies climate-sensitive projects in the pipeline.2 For the
climate-sensitive projects, a Project Adaptation Brief
(PAB) is then prepared, which provides a preliminary assessment of climate risk to the project. If the
risk is assessed to be unacceptable, the PAB is then
transferred into the PPTA process with appropriate
changes to the PPTA terms of reference,3 following
which a more detailed Project Adaptation Assessment (PAA) is prepared by the PPTA consultants,
containing a full risk assessment and analyzing a
number of potential adaptation options with a comparative cost-benefit analysis.
This structure for documentation meets the
above criteria in appropriate rigor at the various
stages of project/program preparation, and is
substantially integrated with the existing
documentation structure. The CRP merges at the
country level with preparation of the Country
Strategy and Program (CSP) and CSP Update
(CSPU), in which the project pipeline is identified.
A PAB would be prepared only for those projects for
which a significant climate risk is identified in the
CRP. Finally, the PAA, if required, would be
integrated into the conventional PPTA process. The
structure provides for an appropriate level of review

2

3

As described in the main text, the Climate Risk Profile could be prepared in
conjunction with the Country Environmental Assessment (CEA), as the data
required for the CRP are similar to those required for the CEA and could be
collected without significant additional cost.
The PABs prepared by CLIMAP contain project-specific suggested terms of
reference for the PPTA consultants appointed to prepare each project. As the
following discussion attempts to demonstrate, no additional requirements
specific to economic analysis with respect to climate change or adaptation are
recommended, as the methodology of such analysis follows conventional lines
with which the PPTA consultants will already be familiar.
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along the way to ensure that climate-related
opportunities and constraints are not overlooked.
Preparation of intervention at ADB takes on a
distinct character depending on the context in
which projects and programs are set, and this will
affect the details of how climate change aspects are
incorporated. Broadly speaking, three basic contexts
appear to be relevant for present purposes:
• New projects. The bulk of ADB lending and
considerable ADB technical assistance are
directed to new projects, mainly infrastructure
such as roads, power sector facilities, etc. The
climate change objective in this context is to
specify a least-cost project that, among the usual
design considerations, meets an acceptable
climate-risk criterion. The methodology for
economic analysis of such a project is identical
with conventional methodology (i.e., will remain
focused on the project’s delivery of benefits to
end-users), provided that the initial and operation
and maintenance (O&M) cost estimates reflect the
climate proofed design.
• Climate-proofing existing facilities. Countries will
increasingly request ADB and other international
development partners to strengthen existing
facilities to lower climate risks, e.g., to harden an
existing road with better drainage or build a
breakwater to protect a port. Here the project is
itself partly adaptation, and the economic
methodology and decision will focus on the specific
effectiveness of the selected adaptation option. For
an existing facility, the economic decision
regarding delivery of services to end-users has
already been made and no longer needs to be
considered.
• Climate-proofing as a sector program. Similarly,
ADB and other aid providers will increasingly be
asked for assistance in mainstreaming climate
change analysis and adaptation at the country
level, in respect of sectors such as transport,
communications, water supply, and housing. In
such cases, adaptation is a long-term process
implemented in stages, and often in step with the
retirement and replacement of existing assets.
The financial costs of adaptation will fall on the
sector owners, including, prominently, the private
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sector. Investments in adaptation will be
motivated primarily by changing land use or
environmental regulations and other policy
changes imposed at the local, state, and national
levels. In this context, economic analysis will be
based on case studies designed to demonstrate
that a new regulation or standard is economically
justified.
In all three contexts, economic analysis is
affected by climate change considerations after the
context-specific climate risk is determined and
proposed adaptation options for addressing it have
been fully designed and costed. The cost of the
adaptation options and their effectiveness in
reducing climate risk determine the cost of
addressing climate risk. The cost of the optimum
adaptation option, i.e., the least-cost option that is
effective in reducing risk to an acceptable level, is
termed the incremental cost of climate change in the
particular context under consideration. In the case
where climate risk is assessed but no adaptation
option is economically viable, incremental cost is
the present value of additional maintenance and
repair costs expected from climate change impacts
within the project area.
Expectations regarding the extent and pace of
climate change are “givens” in the economic
analysis, and are provided by the global and higherresolution local climate models and related
analyses. These will define, for a particular project,
the types of risks faced (e.g., higher rainfall and
floods), the extent of expected impacts (e.g., flood
levels at various recurrence periods, in meters above
normal), the timing of expected impacts (e.g., flood
levels at time intervals projected into the future,
based on recurrence periods), and the extent of
expected damage from such impacts (e.g., flood
levels of a given recurrence period cause $X in
damage to the existing and future assets in the
project area). These data will result in an investment
cost for the optimum adaptation option and a time
series of damage values due to climate change that
the adaptation option will be expected to prevent,
on which a conventional net present value and
internal rate of return analysis can be performed.
To illustrate the procedures of economic analysis related to climate change and how the procedures might be integrated into project preparation,

three examples, one for each of the intervention
“contexts” described above, are given below. The
examples are derived from the highly quantitative
CLIMAP country-level case studies of selected
project areas in the FSM and the Cook Islands, as
the climate risks and associated adaptation options
have been assessed to a sufficient degree for illustrative economic analysis to be performed.4 The examples given are highly simplified in order to
maintain focus on climate-related aspects, and to
facilitate comparisons between examples.

C. Examples
New Projects
The first context for intervention, by far the
most common for ADB, is preparation of new
projects for loan finance. As always, the main
economic issue for proposed new projects is
whether or not they deliver sufficient economic
benefits to end-users to justify their investment cost.
The effect of climate change is, potentially, to
increase either the initial or annual O&M cost of the
new project, or both, but not necessarily to have an
impact on the benefits to end-users of the project
itself.5 The example below is of a new segment of
the circumferential road in Kosrae, FSM.
The project is a 6.6-km length of new doublelane gravel road that will connect a cluster of rural
communities to an urban area and markets for
produce and employment. The road has an
estimated useful life of 25 years. A PPTA consultant
team specified the road design and estimated the
total costs inclusive of sub- and top-surfacing
materials, road furniture, drainage works, engineering
and supervision services, and contingencies. The
expected annual operation and maintenance costs

4

5

The ADB-level project review studies might also be used for this purpose, except
that the associated adaptation options have not been fully specified. As noted in
the body of this book, the next step for the “review” projects is preparation of
PPAs by PPTA consultants, in which adaptation options are identified in detail and
costed. Economic analysis with the methodology described here can then be applied
to those projects.
Project benefits may be affected by climate change depending on the adaptation
option specified to deal with climate risk (e.g., a climate-proofed road alignment,
if longer than an alignment specified without climate change, will increase costs
to users and decrease net benefits), but this only accentuates the economic impact
of climate change on new projects, as discussed above. The effect of climate change
on benefits is ignored for present purposes.
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of the new road are as shown in Table A5.3. The
estimated operating and maintenance costs are
assumed to adhere to international “best practice”
for maintenance of gravel roads, with major
resurfacing works budgeted every 4th year and
minor touch-ups scheduled in intervening years.
For present purposes, it is assumed initially that
the design of the road (especially drainage works)
and estimated costs do not reflect considerations
of climate change, but rather are based on historical
practice. Historical practice for this area is to design
road drainage works to cater for the runoff from a
design maximum rainfall of 178 mm per hour.
The estimated gross economic benefits (2nd
column from the right in the table) are exogenous
and based on an assessment of the road’s potential
to improve the delivery of social services and
increase the potential for income generation in the
cluster of rural communities concerned. The
economic internal rate of return (EIRR) is calculated
on the stream of net economic benefits (gross
economic benefits less total costs over each year of
the road’s useful life). As shown, under these
assumptions of costs and economic benefits, the
EIRR is calculated at 17%, which comfortably
exceeds the standard economic opportunity cost of
capital (EOCC) of 12% and thus indicates an
economically viable project. The project’s net
present value discounted at the EOCC is $660,000.
When climate change is introduced to this scenario, the costs in the initial analysis conducted
without climate change are seen to be underestimated, and the EIRR and net present value (NPV)
are no longer valid. Climate change will result in
heavier-than-anticipated rainfall; indicated best
practice is to design road drainage works to cater
for the runoff from a design maximum rainfall of
254 mm per hour, instead of 178 mm. Without the
larger drainage works, climate change will result in
substantially higher annual road maintenance costs,
as shown in Table A5.4 below.
As shown, the higher maintenance costs and
constant gross benefits of the project to end-users
reduce the actual EIRR to below 14% and reduce the
actual NPV by about two thirds, which indicates a
marginally viable project. Allowing for variations in
initial costs and benefits, as would be done in
conventional sensitivity analysis, the project
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without design modifications is seen, under these
assumptions, to be risky. In effect, it has not been
demonstrated to be of least cost among the available
alternatives.
With climate change appropriately recognized
at the outset by the PPTA engineers, and
incorporated into the project design and cost
estimates, a least-cost solution can be found by
increasing the capacity of the drainage works to
cater for the higher design rainfall event. For
simplicity, it is assumed that the larger drainage
works are fully effective in preventing an increase
in average maintenance costs due to increased
runoff, as shown in Table A5.5.
With these assumptions, the initial cost of the
road project is increased relative to the previous
cases, but annual maintenance costs are lower than
they would be without the adaptation to climate
change (in this case, larger road drainage works).
The project is least-cost with respect to initial costs
and annual O&M costs taken together, and results,
for a constant stream of gross economic benefits to
end-users, in an EIRR of about 15% and an NPV of
about $470,000. Both are lower than the withoutclimate-change case, but higher than the withclimate-change case when climate risk is ignored.
This highly simplified example has been
designed to bring to the fore two considerations in
respect of new projects:
•

•

Ignoring climate change in project design is
likely to lead to underspecification of the
technical components and result in higher lifecycle project costs (i.e., will not result in a leastcost design); and
Including the optimum climate-adaptive
element in project design allows straightforward
conventional economic analysis to indicate the
“true” economic performance of the project
under changing climate conditions, which in
nearly all cases will be below the economic
performance of the same project in the absence
of climate change.

The cost of the optimum adaptation option
included in climate-proofed project design is
equivalent to the incremental cost of climate change
to the beneficiaries of the new project.
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Table A5.3. New Road Project under Current Design Without Climate Change Impact

Total Cost under Current Design (No Climate Change)
Investment Costs

Drainage
Works

Years

640,2336
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

All Other
Technical
Component

O&M
Costs
($)

Total Costs
($)

1,254,414
15,875
18,343
20,811
197,863
17,304
19,902
22,586
215,670
18,574
21,561
24,534
235,081
20,133
23,409
26,685
256,238
21,945
25,515
29,086
279,299
23,920
27,812
31,704
304,436
26,072

Road Investment Cost per mile:

1,894,647
15,875
18,343
20,811
197,863
17,304
19,902
22,856
215,670
18,574
21,561
24,534
235,081
20,133
23,409
26,685
256,238
21,945
25,515
29,086
279,299
23,920
27,812
31,074
304,436
26,072

$ 462,109

Gross
Economic
Benefits
($)

Net
Economic
Benefits
($)

345,901
352,819
359,875
367,073
374,414
381,903
389,541
397,332
405,278
413,384
421,651
430,085
438,686
447,460
456,409
465,537
474,848
484,345
494,032
503,913
513,991
524,271
534,756
545,451
556,360

(1,894,647)
330,026
334,476
339,065
169,210
357,110
362,001
366,955
181,661
386,704
391,822
397,117
195,004
418,554
424,051
429,724
209,299
452,903
458,830
464,946
224,613
490,071
496,459
503,052
241,015
530,288

EIRR =
NPV @ 12%

17.02%
$ 660,332

EIRR = Estimated internal rate of return; NPV = net present value; O&M = operation and maintenance.

Source: CCAIRR findings.
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Table A5.4. New Road Project under Current Design with Climate Change Impact

Total Cost under Current Design (With Climate Change)
Investment Costs

Years

Drainage
Works
($)
640,233

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

All Other
Technical
Component

O&M
Costs
($)

Total Costs
($)

1,254,414
17,599
22,326
27,590
283,798
26,698
32,867
39,753
403,010
36,725
44,973
53,838
541,381
48,551
58,993
70,146
701,394
62,451
75,384
89,092
885,825
78,460
94,248
110,880
1,097,771
96,846

Road Investment Cost per mile:

$ 462,109

1,894,647
17,599
22,326
27,590
283,798
26,698
32,867
39,753
403,010
36,725
44,973
53,838
541,381
48,551
58,993
70,146
701,394
62,451
75,384
89,092
885,825
78,460
94,248
110,880
1,097,771
96,846

Gross
Economic
Benefits
($)

345,091
352,819
359,875
367,073
374,414
381,903
389,541
397,332
405,278
413,384
421,651
430,085
438,686
447,460
456,409
465,537
474,848
484,345
494,032
503,913
513,991
524,271
534,756
545,451
556,360

(1,894,647)
328,302
330,493
332,286
83,275
347,716
349,035
349,788
(5,678)
368,553
368,411
367,814
(111,296)
390,136
388,467
386,263
(235,857)
412,397
408,961
404,940
(381,912)
435,530
430,023
423,876
(552,320)
459,515

EIRR =
NPV @ 12%

13.90%
$ 204,979

EIRR = Estimated internal rate of return; NPV = net present value; O&M = operation and maintenance.

Source: CCAIRR findings.
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Table A5.5. New Road Project under Adapted Design with Change Impact

Total Cost under Current Design (With Climate Change)
Investment Costs

Drainage
Works

Years

850,00
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

All Other
Technical
Component

O&M
Costs
($)

Total Costs
($)

1,254,414
15,875
18,343
20,811
197,863
17,304
19,902
22,586
215,670
18,574
21,561
24,534
235,081
20,133
23,409
26,685
256,238
21,945
25,515
29,086
279,299
23,920
27,812
31,704
304,436
26,072

Road Investment Cost per mile:

2,104,414
15,875
18,343
20,811
197,863
17,304
19,902
22,856
215,670
18,574
21,561
24,534
235,081
20,133
23,409
26,685
256,238
21,945
25,515
29,086
279,299
23,920
27,812
31,074
304,436
26,072

$ 513,272

Gross
Economic
Benefits
($)

Net
Economic
Benefits
($)

345,901
352,819
359,875
367,073
374,414
381,903
389,541
397,332
405,278
413,384
421,651
430,085
438,686
447,460
456,409
465,537
474,848
484,345
494,032
503,913
513,991
524,271
534,756
545,451
556,360

(2,104,414)
330,026
334,476
339,065
169,210
357,110
362,001
366,955
181,661
386,704
391,822
397,117
195,004
418,554
424,051
429,724
209,299
452,903
458,830
464,946
224,613
490,071
496,459
503,052
241,015
530,288

EIRR =
NPV @ 12%

15.28%
$ 473,040

EIRR = Estimated internal rate of return; NPV = net present value; O&M = operation and maintenance.

Source: CCAIRR findings.
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Climate Proofing Existing Facilities
The second main context for intervention
relates to the protection of existing facilities from
the effects of climate change. It is likely that, as
climate change is progressively mainstreamed
among the ADB member countries, governments
and the private sector will increasingly request
assistance in protecting facilities that were originally
designed without taking climate change into
account and are therefore at rising risk. The gross
economic benefit to end-users of services from the
existing facility has already formed the basis of the
past decision to invest in the facility, and need not
be considered further. Rather, economic analysis in
this context focuses on whether a “retrofitted”
adaptation option provides sufficient benefits in the
form of avoided future maintenance and repair costs
to justify its initial cost. The economic analysis of
retrofit climate proofing can be demonstrated by
continuing the previous example, this time by
applying higher capacity road drainage works to an
existing segment of the circumferential road in
Kosrae, FSM.
The project venue is a 3.2-km length of existing
double-lane gravel road, for which higher operating
and maintenance costs are expected due to runoff
that exceeds the capacity of the existing drainage
works, originally designed for a maximum 178-mmper-hour rainfall event. The “project” entails
removal of the existing road drainage works and
replacement with larger works that can absorb the
runoff of a 254-mm-per-hour rainfall event.
Economic costs in this case include removing the
existing drainage and replacing it with larger
capacity drainage. The gross economic benefits are
the expected future savings in road maintenance
costs due to the new drainage.
In Case Study 1 in this book, it was estimated
that the total resource cost of retrofitting larger
capacity drainage onto the existing 3.2-km gravel
road segment was about $370,000, or about $243,000
per km (nearly three times as much additional cost
as climate proofing an as-yet-unbuilt road to the
same standard in the same area, as per the previous
example). Illustrative road maintenance costs with
and without larger drainage works installed are
shown in Table A5.6; net economic benefits of the
adaptation project are equal to the difference
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between O&M costs without the project and with
the project. Although substantial future cost savings
are projected, the calculated EIRR of the adaptation
project is about 7 percent, reflecting the higher cost
and lower return of retrofitting adaptation onto an
existing road (and by analogy, any facility). However,
an EIRR of about 7% may still be acceptable for this
or similar retrofit projects to proceed, dependent
largely on the source of funds for the investment.6
Three general comments are suggested by this
example:
•

•

•

In this context, in contrast with the previous
example, the economic focus is on the
adaptation option itself, rather than on the
economic benefit of the facility to ultimate users.
In comparison with the previous example and
with the economic analysis of “new projects” in
general, investments to retrofit adaptation onto
existing facilities will be less attractive than
incorporating equivalent adaptation into new
projects before they are built.
The economic analysis of an adaptation option
as a retrofit “project” follows entirely
conventional methodology, provided that all
resource costs associated with the retrofit are
accounted for (including the costs of removing
existing assets that may have substantial residual
life) and that benefits of adaptation are
accurately expressed as future operating and
maintenance cost savings.

Consistent with the previous example, the cost
of the optimum (i.e., least-cost) adaptation option
chosen for retrofit is equivalent to the incremental
cost of climate change to the beneficiaries of the
existing facility. In many “retrofit” cases, the
optimum adaptation option will be do nothing:
dealing with the consequences of climate change
as they come, in the form of higher maintenance
and repair costs and possibly shortened asset life,
may make more sense economically than an upfront investment in retrofit adaptation. In such
cases, the incremental cost of climate change is

6

The aid provider community is earmarking increasing resources to assist small
and vulnerable developing countries to meet the incremental costs of
adaptation. These funds are essentially nonfungible.
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equivalent to the present value of the higher
maintenance and repair costs so borne.

Climate Proofing as a Sector Program
The third main context for intervention relates
to country-level mainstreaming of climate change
considerations into long-term infrastructure and
economic planning at the national, state, and local
levels. Vulnerability to climate change, as discussed
above, is certainly demonstrable at the project level,
but also affects entire communities and sectors such
as health care, education, transport, agriculture,
water/wastewater, power supply, and urban
development. At these macro levels, it is generally
not feasible to retrofit effective adaptation in the

short term. Rather, adaptation will proceed in step
with the retirement and replacement of assets and
through the construction of new assets. The costs
of implementation will be borne by communities
and governments and, to a highly significant degree,
by the private sector. The investments of these
groups will be guided by voluntary good practices
and regulations generated by government agencies,
private sector professional societies, and others, that
increasingly reflect awareness of climate change
impacts. In this way, climate change will be
mainstreamed into economic planning, land use
regulations and zoning codes, commercial bank
lending guidelines, and the like.
The economic issue in this context is whether
proposed regulations or planning guidelines are

Table A5.6. Retrofitting Adaptation: Total Road Costs with Climate Change
Total Costs under Current Design
Investment Maintenance
(Drainage
Costs
Works)
($)

Total
Costs
($)

Total Costs under Upgrade Design
Investment Maintenance
(Drainage
Costs
Works) ($)
($)
370,331

8,364
10,379
12,588
127,404
11,817
14,368
17,187
172,536
15,584
18,932
22,500
224,760
20,034
24,208
28,637
284,987
25,263
30,370
35,755
354,233
31,270
37,444
43,992
433,636
38,155
NPVs@

3.0%

8,364
10,379
12,588
127,404
11,817
14,368
17,187
172,536
15,584
18,932
22,500
224,760
20,034
24,208
28,637
284,987
25,263
30,370
35,755
354,233
31,270
37,444
43,992
433,636
38,155
$ 1,280,368

7,744
8,948
10,152
96,518
8,441
9,708
11,018
105,205
9,060
10,518
11,968
114,674
9,821
11,419
13,017
124,994
10,705
12,447
14,188
136,244
11,668
13,567
15,465
148,506
12,718

Total
Costs
($)
370,331
7,774
8,948
10,152
96,518
8,441
9,708
11,018
105,205
9,060
10,518
11,968
114,674
9,821
11,419
13,017
124,994
10,705
12,447
14,188
136,244
11,668
13,567
15,465
148,506
12,718

Net Benefits of Upgrade Design
Investment Maintenance
(Drainage
Costs
Works)
($)
(370,331

$ 990,771

620
1,432
2,436
30,886
3,376
4,660
6,170
67,331
6,524
8,414
10,532
110,087
10,214
12,789
15,620
159,992
14,558
17,923
21,566
217,990
19,602
23,878
28,456
285,131
25,436
EIRR =

Total
Costs
($)
(370,331
620
1,432
2,436
30,886
3,376
4,660
6,170
67,331
6,524
8,414
10,532
110,087
10,214
12,789
15,620
159,992
14,558
17,923
21,566
217,990
19,602
23,878
28,456
285,131
25,436
6.73%

EIRR = estimated internal rate of return; NPV = net present value.
Source: CCAIRR findings.
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economically justified, or whether existing
regulations have begun to impose hidden costs due
to climate change. Does the process of planning and
development take proper account of climate
constraints? What are the long-term opportunities
to minimize climate-related costs affecting
communities, sectors, or the country as a whole?
As demonstrated in several of the CLIMAP
country-level case studies, the initial stages of
addressing such questions take a considerable effort
in primary surveys, studies, scenario generation,
and analyses. CLIMAP has developed an analytic
tool, SimClim, that greatly helps these processes. It
is expected that as climate mainstreaming proceeds,
well-founded regulations and guidelines will
gradually replace the need for primary surveys and
analyses, and climate-aware development will
become self-sustaining. However, as long as
mainstreaming is in its preliminary stages, much
work remains to be done across a wide variety of
sectors and communities in a large number of
countries.
The example briefly discussed here is of the case
study of the Sapwohn coastal community in
Pohnpei, FSM, described in detail as Case Study 4.
The following focuses on the methods of analysis
used in the case study, as a model of the kind of
analysis that may have to be replicated for other
communities and sectors in the FSM and in other
countries.
Sapwohn is a coastal “bedroom” community on
Sokehs Island close to the Pohnpei state capital,
Kolonia. The sample area for the case study contains
178 structures, mostly residential, which form the
assets that are vulnerable to climate change. The
main climate risks, based on observations and
consultations with community leaders and
residents, are flooding from extreme rainfall events
and sea level changes. In order to quantify the risk,
it was necessary to undertake a detailed structureby-structure survey of the sample area, to determine
each structure’s precise elevation, proximity to
runoff channels, orientation to the sea, uses of the
structure, and materials of its construction.
Discussions with experienced building contractors
in Pohnpei provided estimates of the cost to repair
or replace structures that suffered various levels of
damage from natural causes, based on replacement
value.
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Because each structure in the sample area has
a unique location and hence a unique risk of
flooding, and is composed of particular materials
with different abilities to withstand flood damage,
it was necessary to construct an economic model
that included each structure, and correlate the
results to develop a composite picture of the sample
area. Buildings were categorized by construction
materials. For each category, damages caused by
floods were estimated on a sliding scale of flood
heights, thus allowing a damage estimate to be
derived for each structure for any given flood event,
which depends only on the structure’s threedimensional location and construction materials.
The necessity of this type of structure-by-structure
analysis was the most time-consuming and
analytically intensive part of the case study of the
sample area.
Sector analysis differs from the project analysis
of the previous examples in terms of the applicable
time horizon. Whereas the useful life of
infrastructure projects rarely exceeds 25–30 years,
a sector or a community is subject to events
occurring over a much longer time frame, say 50–
100 years. Within such periods, very little can be
considered “fixed.” For certain, the climate changes
palpably; human activities evolve; and the local,
state, national, and world economies change. Thus,
risk assessments at the sector or community level
must take into account not only climate risks but
also land use changes due to population pressures
or transforming economic activity. Land use
changes are at once a “risk factor,” in that they may
increase the vulnerability of a community to a given
extreme event, and an opportunity to adapt
gradually and in a robust way to increasing climate
risk. The SimClim model features a land use scenario
generator that allows analysts to simulate future
economic development in the study area as an
adaptive response to climate change, providing a
powerful tool for development and testing of
adaptation guidelines.
The case study in Sapwohn (and a similar case
study in Rarotonga, Cook Islands) highlighted the
fact that “modern” communities in coastal areas of
island countries (and very likely communities in
other environments of developing countries) are
highly vulnerable to natural disasters that, because
of climate change, are becoming increasingly prob-
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able. It would appear that the process of economic
development over the decades since World War II,
involving a transformation away from traditional
subsistence toward reliance on a cash economy and
external markets, has resulted in increasing vulnerability to natural disasters that has overwhelmed any
attempts to adapt. The case studies found that the
communities are highly vulnerable, irrespective of
climate change, but that climate change significantly exacerbates the vulnerability. Climate-related
sector analysis is thus indicated as an urgent need,
difficult and demanding as it may be initially; such
case studies should be repeated in other communities and in other countries.
The economic model developed for the
community case studies of Sapwohn and Rarotonga
provides a structure-by-structure assessment of
climate-related risk in the communities, a valuation
of the assets, and integration across structures and
across extreme events of the damage expected to be
sustained from various climate change scenarios,
making it possible to test the effectiveness of
different development scenarios and long-term
adaptive responses and select for voluntaryguideline and regulatory purposes. The economic
model is built in as an integral component of the
SimClim software developed for CLIMAP, and is
available for use in similar case studies.
In the context of economic analysis for
adaptation, the following observations are relevant:
•

•

•

•

Sector analysis is long term and involves
transformations in the local climate and local
economy that may be opposed or mutually
reinforcing.
The appropriate adaptation response to assessed
risks is gradual and implemented through
voluntary guidelines; where necessary, land use
regulations are designed to minimize individual
and community costs.
A large portion of the costs of adaptation in this
context will be borne by individuals and the
private sector rather than by governments, and
is therefore less amenable to direct ADB
intervention than is conventional project
finance.
The practical methodology of economic analysis
is highly dependent on the sector or particular
community selected as the study area.

•

•

The analysis involves highly complex
integrations spatially and temporally, and will be
aided by use of the SimClim software developed
for CLIMAP, or a similar tool.
Sector analysis will constitute an increasing focus
of government and multilateral agencies as
climate awareness is increasingly mainstreamed
into local, state, and national planning processes.

Conclusions
The three “contexts” for climate-related analysis
described above, viz, (i) new projects, (ii) retrofitting
existing assets, and (iii) sector analysis are in approximate order of current priority for governments and
international agencies, given the emerging state of
climate awareness. The primary focus on analysis for
new projects stems from an awareness of the potential for climate change to undermine the effectiveness
of new projects and their potential to contribute to
development and poverty reduction. The secondary
focus on retrofitting existing assets stems essentially
from the same concerns and a recognition that many
assets with considerable useful life remaining are illdesigned to cope with climate impacts.
The third context, however, is most directly
related to local, national, and global mainstreaming
of climate awareness, and is of paramount importance for the long term, albeit relatively remote from
immediate concerns. Though comparatively difficult
and complex to carry out, sector and community
case studies will provide valuable insights to guide
robust and economically well-founded adaptive responses to climate change in the future. Application
of requisite resources for them in the near term is a
kind of bellwether of the success of mainstreaming
efforts in general. The need for primary research will
gradually lessen as data are gathered, organized, and
applied across similar sectors, communities, and
countries as mainstreaming proceeds.
Efforts within ADB to mainstream climate
awareness into project and program development
will have a powerful effect, not only on activities
directly financed by ADB, but indirectly on parallel
projects and sectors addressed by governments and
other aid providers, as ADB’s institutional credibility
promotes wider acceptance of climate-aware
processes and procedures.
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Appendix 6

Land Use Change Model

A. Function

Table A6.1. Inputs for Land Use Change Model

T

he land use change
model simulates
changes in use of
land over time. It
accepts targets for future
land use and determines
how they are likely to evolve
in new patterns. The model
is stochastic: it determines
likelihoods for transitions
between current and
(potential) future land uses
and uses a Monte Carlo
approach1 to generate one
(out of many) outcomes.

Land use types

A set of land use types that are relevant for the model
area. This can be a list of the different structures that are
discerned (i.e., residential, commercial, community), and/
or a list of features (i.e., agriculture, forest, urban, road,
water).

Current land use pattern

A grid with one assigned land use type per grid cell.

Rules

A series of data-matrices that describe elements of the
transition likelihood (i.e., possible and impossible land
use transitions, preference for certain land use types in
dependency of the density of neighboring types,
suitability of a specific grid cell for changing into a certain
land use type, masks (overlays) with developing areas).

Neighborhood function

A function that describes the influence of neighboring
cells on (the transition of) a specific cell. Cells of a certain
type tend to cluster together (forest) or have a small
distance in between. These functions can be defined for
“near” and “far” neighbors.

Target areas

For certain land use types, future target areas (m2) are
specified. These depend on, among others, economic and
demographic developments. The land use model takes
these targets and makes a spatial allocation, based on
the current land use pattern and the rules.

Properties list

A list of all the buildings, their value, floor height,
location, age, and structure type (which determines their
staged-damage-curve, which shows the percentage of
damage done to the building as a function of the flood
level).

B. Inputs
The land use change
model requires the certain
inputs, shown in Table A6.1.

C. Outputs
The land use change
model produces several
outputs (Table A6.2).

1

Monte Carlo techniques first determine the likelihood of an event and then use
a random number to determine if the event does take place.
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Table A6.2. Outputs of Land Use Change Model
New land use pattern

A grid with all the (new)
land use types, satisfying the
total area (m2) needed for
each land use type.

Update properties list

A property list reflecting all
the changes that have come
into effect during the last
year (e.g., age, floor level,
location).

Transition balance

An overview of all the
individual changes that have
taken place, referencing the
rules that have been used.

E.

The cost-benefit model calculates the
discounted costs of damage to structures because
of flood events (either from inland flooding or from
storm surges) with and without climate change, as
well as the benefits (under both conditions) of
adaptation options (regarding the flood events).

F.

Costs

Costs of changes (usually
associated with adaptation).

Source: CCAIRR findings.

D. Parameters
The land use change model implements certain
rules and mechanisms with respect to structures.
Some mechanisms are parameterized control their
behavior (Table A6.3).

Cost-Benefit Model

Expected Damages

Given a list of structures with value (structure and
contents), location, and the appropriate stageddamage curve, for any given flood event (characterized
by flood-levels at all locations), the damages resulting
from these flood events can be computed.
Each of these flood events has a return period and
an associated probability of occurring. The expected
costs for a certain event are its probability times the
associated costs. The annual expected costs are the
integral over all events.
As both the flood events (climate change) and the
structures (land use change) can develop over time,
the annual expected costs will be different for every
year. All these future costs can be discounted to current
dollars (using a discount rate) and correlated to find
the total expected costs at the present time.

Table A6.3. Parameters for Land Use Change Model
Longevity

This parameter controls the aging and therefore the relocation or renovation of structures.

Acceptable risk

The risk (effects of flood events) that occupants of a structure accept before they decide to change (either
renovate or relocate).

Structure
parameters

Several parameters control the condition of new or renovated properties (e.g., a minimum floor level,
either generic or depending on the local flood risks).

Rebuilding
strategy

When structures are “renewed”, it is possible to renovate them (on the spot) or rebuild them
(possibly in a different location).

Neighborhood

Neighborhood is defined as the percentage of cells per land use type “around” a center cell at a certain
distance (“near” or “far”). This percentage can be weighted with the distance.

Monte Carlo
parameters

As the land use change model determines only the likelihood of transitions in land use, the actual
transition is a stochastic process. Parameters can be set to control this process: to make selections based
on the maximum likelihood or to repeat the random path (in order to reproduce results).

Source: CCAIRR findings.

Appendix 6

ClimaxAppdx.pmd

191

22/11/2005, 8:23 PM

191

ClimaxAppdx.pmd

192

22/11/2005, 8:23 PM

