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OVERVIEW OF PROJECT WORK AND OUTCOMES

The Asia-Pacific region is highly vulnerable to the impacts of climate variability and climate change
due to high exposure and limited institutional capacity. Major limitations to developing effective
adaptive capacity to a changing climate in the developing countries of SE Asia are: the limited national
capacity for climate monitoring and forecasting; low levels of awareness among decision makers to
the local and regional impact of climate variability; and, lack of effective policy responses to climate
variability and climate change.

This project was designed to address some of these limitations through targeted training workshops
in the use of Seasonal Climate Forecasts (SCF) for leading scientists within meteorological
organizations and professionals involved in the agriculture and water sectors. The project also aimed
to raise awareness of climate variability and climate change impacts amongst policy makers,
researchers, government agencies and farming communities in SE Asia through direct dialogue and
seminars.

Keywords
Climate variability, ENSO, SE-Asia, seasonal climate forecasts, risk management, monsoon onset,
Indonesia, Philippines, Bangladesh

Objectives

The overall aim of this project is to build local scientific capacity in the use of Seasonal Climate
Forecasts (SCF) for leading scientists within meteorological organizations and professionals involved
in the agriculture and water sectors through in-country training workshops. The use of SCF forecasts
in decision making is best achieved through the development of an operational forecasting system
and by demonstrating the value of such forecasts in practical decision making using case studies.
Therefore, a key objective of the project was to identify climate drivers that have the most influence
on rainfall patterns including the onset of monsoon in the participating countries.

The specific objectives of this project were to:

e conduct training workshops to build local capacity in the theory and operational use of SCF
using the SCOPIC and FLOWCAST decision support tools;

e conduct a validation study to identify the relationship between ENSO based drivers and
seasonal rainfall using rainfall data for Indonesia, the Philippines and Bangladesh;

e assess the spatial and temporal characteristics of statistical forecasting skill in the region for
different ENSO based predictive systems and identify:

e the times of the year when prediction is reliable; and

e potential lead times at which forecasts can be made.

Amount received and number years supported

The Grant awarded to this project was:
USS 42000 for Year 1:
USS 28000 for Year 2:

Activity undertaken
Initial in-country visits were conducted in the Philippines, Indonesia and Bangladesh from 10 August—

3 September 2011 to meet with project collaborators and decision makers within various government
agencies, as well as to deliver a series of seminars on climate risk management and the impact of



climate variability and climate change in public seminars. Five seminars with leading agencies were
held in the Philippines, Indonesia and Bangladesh (PAGASA, National Water Resources Board, Bohol
Environmental Agency, BMKG, and Bangabandhu Sheikh Mujibur Rahman Agricultural University).
These seminars were organized by the local collaborators who also arranged meetings with key
government officials. In total over 150 people from various government agencies, universities and the
public attended the five seminars.

During this visit collaborators from the national meteorological agencies were provided with training
in the use of climate prediction software SCOPIC and FLOWCAST, and climate datasets were obtained
to conduct a climate validation study.

Following in-country visits, two regional workshops were undertaken for participants from Indonesia,
the Philippines and Bangladesh. The first workshop was held from 10-13 January 2012 in Kuala
Lumpur, Malaysia, with nine collaborators attending the four day workshop. Training was provided in
climate science; data homogeneity testing; validation techniques; forecast skill assessment; and,
hands-on training in SCOPIC and FLOWCAST. An outline of the climate validation process with
examples from a recently completed study in the Pacific was given and the participants used the
methodology from the Pacific study to conduct a validation study for their country (Appendix I). A
dedicated spreadsheet to assess the impact of ENSO on the onset and duration of monsoon and
relevant training was also provided. Participants used their own data to conduct the validation study
in accordance with the objectives of the project and presented their preliminary results during the
final day of the workshop.

The second workshop was held from 6-9 January 2014 in Lombok, Indonesia. The gap between the
two workshops provided the opportunity for participants to obtain additional data sets and learn more
about the operation of the software. All participants have received an unrestricted copy of FLOWCAST
software which they can use for further training and research. The second workshop had a similar
structure to the first with more time allocated to informal discussions and “hands-on” analysis. A total
of 19 people including local staff from BPTP, UNRAM and BMKG from Indonesia attended this
workshop. This report is a summary of the analyses and results from the two workshops compiled by
a lead author(s) from each country.

Results

Detailed description of data and methodology to complete this study is given in the technical section
of this report. While the primary focus of the project was to build scientific capacity in SCF for young
scientists in the participating countries, the exercises conducted during the two workshops provided
the opportunity to assess the influence of ENSO based predictive systems on rainfall variability and
potential for forecasting in the region. The project also allowed the opportunity to engage with public
and policy makers through meetings and public seminars. From discussions with senior government
officials it was apparent that consideration of climate information in planning and decision making is
growing in SE-Asia. Attorney Edgar M. Chatto, the Governor of the Bohol Province in the Philippines,
said “Climate variability and climate change is a real challenge for our province. We now incorporate
climate variability and climate change projections in all aspects of our planning and environmental
management issues”. Discussion with other senior water managers and agricultural practitioners
highlighted the importance of seasonal climate forecasts for water allocation, and risk management
decisions. Considerable work, however, needs to be done to transfer the findings of this project into
practical risk management decisions. This can best be achieved through developing pilot projects in
regions where the potential for forecasting is strong and climate variability can significantly improve
resource use and other operational efficiencies. An example is the management of Angat Dam in the
Philippines which is the main source of water supply for Metro Manila, but is also used for flood
mitigation, hydropower production and agricultural use.
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Key findings from this project include (for detailed analysis and background refer to the main technical
report);

e Impact of ENSO is strong in the Philippines with moderate to high forecasting skill through
most of the year particularly for climate type IV (See section 4.1) with lead times of 3-4
months. Nifio 3.4 as well as SOI has the strongest relationship with rainfall variability across
the whole region. Forecasting skill is poor during the peak rainy season.

e Forecasting of inflow into Angat Dam supplying Metro Manila is possible through most of the
year with lead times of up to 4 months. Significant opportunities exist for using stream-flow
forecast to optimize competing demand from Angat Dam.

e Onset and duration of monsoon in the Philippines is influenced by ENSO with later onset and
shorter duration of monsoon during El Nifio years and earlier onset and longer duration during
La Nifia years. This is particularly pronounced for climate type Ill (Zamboanga). On average,
the onset of monsoon is delayed by up to 38 days in an El Nifio years and is up to 35 days
shorter as compared to La Nifa years.

e Impact of ENSO on the Indonesian rainfall is also strong with moderate to high forecasting
skill particularly in eastern Indonesia. Over western Indonesia and Java the effect of ENSO on
rainfall variability is less pronounced. In this region the Indian Ocean Dipole may have more
influence but was not investigated in this study due to limited resources and data availability.

e Results from eastern Indonesia showed that on average the onset of monsoon tends to be
delayed by up to 1 month and have a shorter duration in El Nifio years as compared to La Nifia
years ( see section 4.3)

e There appears to be little influence of ENSO on the climate of Bangladesh in terms of the
predictability of rainfall, onset and duration of the monsoon season.

All objectives of the original proposal have been met. The validation study has been completed and
participants are now confident in the theory of SCF and operational use of software to undertake
further research including studies on the application of SCF in risk management decisions across
climate sensitive sectors. The project has created lasting network in the region and has strengthened
interactions amongst scientists and policy-makers, as well as provided scientific input to policy
decision-making.

Relevance to the APN Goals, Science Agenda and to Policy Processes

This project was designed to transfer existing knowledge and information systems developed as part
of previous investments in the Asia-Pacific region (ACIAR and AusAlID) to other countries in the region.
The transfer of knowledge has not only promoted and encouraged activities that will develop scientific
capacity and improve the level of awareness on global change issues specific to the region but has also
identified present and future needs and emerging challenges and opportunities for the region.
Understanding the mechanism of how climate variability is affected in a wider geographic context is
essential in developing appropriate response strategies. The project activities aligns strongly with
APN Goals and addresses a number of sub-categories under part 107 of the Johannesburg World
Summit on Sustainable Development Implementation. Specifically;

e Build greater capacity in science and technology through the use of SCF for sustainable
development in the area of water resource management and agriculture;

e Improve policy and decision-making at all levels through improved collaboration between
natural and social scientists, and between scientists and policy makers ; and



e  Make greater use of integrated scientific assessments, risk assessments and, interdisciplinary
and intersectional approaches, via improvements from science-based decision making with
greater understanding of climate drivers, their influence and the ability to use SCF in risk
management decisions.

Self-Evaluation

Informal evaluation was conducted in relation to the workshop organization, contents and delivery.
The feedback was extremely positive with participants expressing high level of satisfaction with their
learning experience. Given the complexity of the study during two short workshops and what has
been achieved, the enthusiasm and contribution of participants throughout the project is highly
commendable. A quote from one collaborator is included below; “Obtaining a good output using the
historical rainfall data of Tagbilaran City was so inspiring. Moreover, | have learned the importance of
religiously collecting rainfall data and during the workshop, | have made initial talks with Ms. Edna
Juanillo of PAGASA for a partnership with the Provincial Government to ensure that rainfall data is
regularly collected and to organize and capacitate (sic) the rainfall observers....... The software is well-
developed and it provides guidance to the users on its applications with the HELP option to us
participants. Thank you APN for this opportunity from the Province of Bohol.” —Jovencia B Ganub

Potential for further work

Climate change projections suggest higher frequency and magnitude of floods and droughts in the
region than what is currently being experienced. The potential for increased risk, as well as the impacts
of future changes in climate on agriculture and water resources, demonstrates the need to evaluate
current practice for managing climate risks and developing strategies for adapting to future changes
in climate. Understanding the impacts of climate on SE-Asian agriculture and natural resources
systems and the ability to predict these events with sufficient lead-time for government and farmers
to take remedial action, is crucial for policy development and ensuring long-term sustainability and
food security in the region. Potential benefits can best be achieved through further work in developing
pilot projects in areas where the potential for forecasting is strong and forecasting with sufficient lead
time can significantly improve resource use and other operational efficiencies (e.g. Angat Dam
management in the Philippines). Furthermore, to develop a better regional understanding of ENSO
on the climate of SE-Asia and potential impacts, further studies on the influence of ENSO across other
Asian countries (e.g. Lao, Cambodia and Vietnam) is highly desirable.
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TECHNICAL REPORT

Preface

This report is an output from two workshops held in Kuala Lumpur, Malaysia (10-13 January 2012) and
Lombok, Indonesia (6-9 January 2014) as part of the APN CAPaBLE project “Building Scientific Capacity
in Seasonal Climate Forecasting for Improved Risk Management Decisions in a Changing Climate”. The
workshops where held in collaboration with climate scientists and professionals engaged in agriculture
and water resources from the Philippines, Indonesia and Bangladesh. The focus of the project was on
building scientific capacity in the use of seasonal climate forecasts amongst scientists and practitioners
in the region. Through greater understanding of key climate drivers and the operational use of
seasonal forecasting systems the risks and opportunities arising from climate variability and change
can be better managed.
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1.0 Introduction

The Asia-Pacific region is highly vulnerable to the impacts of climate variability and climate change
due to high exposure and limited institutional capacity. Major limitations to developing effective
adaptive capacity in SE Asia are: the limited national capacity for climate monitoring and forecasting;
low levels of awareness among decision makers to the local and regional impact of climate variability
(e.g. ENSO); and, lack of effective policy responses to climate variability and climate change.

The aim of this project was to address some of these limitations through building scientific capacity in
the use of Seasonal Climate Forecasts (SCF) for young and leading scientists within meteorological
organisations and professionals involved in the agriculture and water sectors in the participating
countries. The specific objectives of this project were to:

e conduct training works to build local capacity in the theory and operational use of SCF using
the SCOPIC and FLOWCAST climate prediction tools;

e conduct a validation study to identify the relationship between ENSO based drivers and
seasonal rainfall, including the onset of monsoon;

e assess the spatial and temporal characteristics of statistical forecasting skill in the region for
different ENSO based predictive systems and identify:

e the robustness of each system;

o the times of the year when prediction is most reliable;

e potential lead times at which forecasts can be made; and,

e raising awareness of climate variability and climate change impacts amongst policy makers,
researchers, government agencies and the farming communities in SE Asia.

2.0 Methodology

The approach used was through “hands-on” training in the use of seasonal climate forecasting
software (SCOPIC and FLOWCAST), climate concepts, forecast verification methodologies, statistical
concepts in seasonal climate forecasts, and risk management. These concepts were further re-
enforced during the workshops through conducting a validation study where participants conducted
a study to assess the impact of ENSO on rainfall variability in their respective countries.

Initial in-country visits were conducted in the Philippines, Indonesia and Bangladesh from 10 August—
3 September, 2011, to meet with project collaborators and government officials, as well as to deliver
a series of seminars on climate risk management and the impact of climate variability and climate
change on water, health, energy and agriculture. Five seminars were conducted in the Philippines,
Indonesia and Bangladesh. In total over 150 people from various government agencies, universities
and the public attended these seminars.

Following in-country visits, two workshops were conducted for participants from Indonesia,
Philippines and Bangladesh. From each country one participant was selected from a climate discipline
and one or two from a resource-policy sector. The first workshop was held from 10-13 January, 2012,
in Kuala Lumpur, Malaysia with nine collaborators attending the four day workshop. Training was
provided in climate science; data homogeneity testing; data patching techniques; validation
techniques; forecast skill assessment, climate risk management and hands-on training in SCOPIC and
FLOWCAST. A brief description of the software is provided in Section 2.3.

An outline of the climate validation process with examples from a recently completed study in the
Pacific was presented and participants used the Pacific approach to assess the impact of ENSO on
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rainfall variability in their respective countries. A spreadsheet to assess the impact of ENSO on the
onset and duration of monsoon with relevant training and examples was given to participants.

The second workshop was held from 6-9 January, 2014, in Lombok, Indonesia. The gap between the
two workshops provided the participants the opportunity to obtain additional data sets and learn
more about the operation of the software. All participants have received an unrestricted copy of
FLOWCAST software which they can use for further training and research. A total of 19 people
including local staff from BPTP, UNRAM and BMKG in Indonesia attended the second workshop. This
report is a summary of the analysis and results from the two workshops compiled by a lead author(s)
from each country. A brief description of climate concepts, statistical analysis and methodology used
in the validation study is presented below. Further details are provided in Appendix I.

2.1 Background to Seasonal Climate Forecasting

Seasonal rainfall in the SW-Pacific and SE-Asia is largely driven by the processes of the El Nifio Southern
Oscillation (ENSO), the Inter-decadal Pacific Oscillation (IPO), the Inter-tropical Convergence Zone
(ITCZ), and the Indian Ocean dipole (IOD). Of particular interest is the ENSO phenomenon, which
provides the basis for seasonal prediction of rainfall using statistical methods employing atmospheric
(SOI) and sea surface temperature (SST) data as proxies for ENSO.

Seasonal Climate Forecasting models fall into two broad categories with regard to the degree to which
the models consider physical processes (empirical and dynamical models). Empirical models uses a
simple framework to correlate predictor and predictand variables using past observed relationships
(e.g. sea surface temperature and rainfall). On the other hand dynamical models explicitly stipulate
the relationships between climate components and processes in such a way that the model
guantitatively describes energy fluxes, mass and momentum. SCOPIC and FLOWCAST uses the
empirical or “statistical” approach to generate climate forecasts.

Common techniques used in empirical models include; correlation and regression analysis, principal
component analysis, cluster analysis, discriminant analysis, analogue or “stratification” method and
time series analysis. Discriminant analysis, the methodology incorporated in SCOPIC and FLOWCAST
classifies a set of observations into predefined classes to calculate probabilities for these classes (e.g.
probability of rainfall terciles for a particular predictor condition).

The predictor time-series used in this study include the Southern Oscillation Index (SOI); Nifio 3.4 sea
surface temperature anomalies, and EOF of sea surface temperature anomalies derived from a
principal component analysis (Drowdowsky and Chambers 1998). A brief descriptions of these
predictors are given below.

2.1.1 Southern Oscillation Index

A common measure of ENSO is the Southern Oscillation Index. The index is the difference in surface
atmospheric pressure between Tahiti (17° S, 150° W) and Darwin (12° S, 131° E), standardized to a
mean of zero and a standard deviation of 1. The score is scaled by a factor of 10. For example, a
monthly average SOI value of -10 means the SOl is one standard deviation on the negative side of the
long-term mean for that month. A negative value of the SOI suggests higher atmospheric pressure at
Darwin compared to Tahiti and often suggests lower than average rainfall over most of eastern
Australia, Indonesia and parts of the SE-Asia. Conversely, a positive value of SOI suggests a low-
pressure system over Darwin and higher than average rainfall in these region. Monthly indices of SOI
from 1876-2014 were used in the analysis (www.bom.gov.au/climate/current/SOIValues.txt)
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2.1.2 Sea Surface Temperature Anomalies

Sea Surface Temperature Anomalies (deviation from the long term mean) in tropical Pacific Ocean are
important indicators of El Nifio and La Nifia conditions. The most common regions are the Nifio 1-4
regions (Figure 1):

e Nifo 1+2 (0-10S, 80-90W). The region that typically warms first when an E/ Nifio event
develops.

e Nifo 3 (55-5N; 150W-90W). The region of the tropical Pacific that has the largest variability in
sea-surface temperature on E/ Nifio time scales.

e Nifo 3.4 (55-5N; 170W-120W). The region that has large variability on E/ Nifio time-scales, and
that is closer (than Nifio 3) to the region where changes in local sea-surface temperature are
important for shifting the large region of rainfall typically located in the far western Pacific.

e Nifio 4 (55-5N: 160E-150W). In this region changes of sea-surface temperature exceeding a
threshold of 27.5C, are thought to be an important stage in producing rainfall in the western-
Pacific.

Normh Pacific Ocean

160°€ 1Blow 150w 12]0 w 0w
o __nwoqd [T NNDS
| F=NINO 3.4+
of !
‘ ; South Pactic Ocsan

M Sea surface temperatures in Nifo-3 and Nifo-4
have mos! influence on Australian rainfall,

/.

Figure 1. The NINO regions used in the analysis

Nifio 3.4 (the region spanning part of Nifio 3 and 4) is generally considered a key indicator of rainfall
variability in western Pacific, affecting the general circulation of the atmosphere and having a wider
influence on the climate of the region. Time series of Nifio 3.4 (1982-2014) was used as a predictor in
this study.

2.1.3 Sea surface temperature anomaly (SSTa) EOF’s

Drosdowsky and Chambers (1998) examining SST predictor data using rotated principal components
(EOF’s) identified 12 principal components in the Pacific and Indian Oceans that explains about 46%
of the total field variance (Figure 2). The first two of these components representing temperature
anomalies in the Central Eastern Pacific Ocean (SST 1) and Western Indian Ocean (SST 2) have been
used as predictors in generating the outlooks for Australian rainfall and temperature forecasts. Several
other EOF’s (e.g. 9, 11) have some influence on the rainfall variability in some of the western Pacific
countries, but their impact in SE-Asia has not been examined. In this study we examined a time series
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of SST1, SST2, SST9 and SST11 (1949-2014) as predictors of rainfall. Those results that were found not
to be significant are not shown in this report.

S8T 1 11.5% S8ST 4 247

Figure 2. First twelve principal components of sea surface temperature anomalies in the Pacific and Indian
Oceans. (http://www.bom.gov.au/bmrc/clfor/cfstaff/wld /RESREP65 /rr65.htm#PCA SST

2.2 Skill Testing

Skill testing is used to test the “reliability” of forecast systems, based on past performance or trends.
Skill tests are usually either regression-based or hind-cast based. Regression-based skill analyses use
statistical measures (such as correlation, or non-parametric statistics) to evaluate predictor-
predictand relationships. Hind-cast based methods evaluate predictions of past events (hind-casts)
against known outcomes using a range of accumulated scoring systems.

An understanding of the “nature” of the forecast-skill is necessary to maximize the effectiveness of
the forecasts in decision-making and communication. Analysis typically involves testing different
predictors, locations, periods of the year, lead-times and season lengths.

Specifically, objectives of skill testing are to;

e identify which predictors are most suitable for developing seasonal climate outlooks in the
study area;

e determine the periods of the year where forecasting skill exists, and those which are not
associated with skill;

e determine the range of lead-times where skill exists;

e determine the range of season lengths that can be forecast with adequate skill;

e study how geographical location affects forecasting skill over the study area; and,

e determine whether skill is real or artificial.
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There are several methods available to evaluate or estimate forecast skill. We have used only two
methods in this study. A combined regression and contingency table analysis was used to establish
the type and strength of relationship between ENSO and seasonal rainfall. LEPS (Linear Error in
Probability Space) scores were calculated to evaluate hind-cast performance using a cross validated
approach.

2.2.1 Regression analysis and contingency tables

Scatterplots of predictor-predictand relationships can be used to simultaneously undertake regression
analysis (calculating correlations and trends) and contingency table evaluation. Contingency tables
(sometimes referred to as cross tabulations) are used to record the predictor-predictand relationship
in the form of a frequency distribution in matrix format (Figure 3). The matrix is usually defined using
“bins” created by fixed predictor and predictand tercile boundaries. Contingency tables with similar
frequency values (counts) in each “bin” typically represent forecast systems with poor predictability.
Contingency tables with “zero” or “near-zero” values on one set of matrix diagonals (offset of the
“main” diagonal) typically represent systems with high predictability.

Analyse
Relationships
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Figure 3. — Example of a contingency table analysis showing data counts in matrix elements.
Regression analysis results are also included.

The objective of this analysis was to record the strength and types of relationships between ENSO and
seasonal rainfall. That is, to determine what impact ENSO has on increasing or decreasing local
seasonal rainfall. In this study, the analysis was performed for the six-monthly periods defined by
“wet” and “dry” season to assess the strength of (concurrent) correlation between ENSO and rainfall
in each country as well as three monthly rainfalls throughout the year.

2.2.2 Linear Error in Probability Space (LEPS)

The principal measure of forecast repeatability or skill used in this study is a cross-validated hind-cast
LEPS skill score test. The skill of the forecast system is expressed in terms of the LEPS score that is
described in detail by Potts et al. (1996). The score is derived from a general form S = 1-| P¢-Py |, where
P:and Pyare the cumulative probability of the forecast (or hind-cast) and the verifying observation, so
that the score measures the absolute error in terms of the cumulative probability of the forecast and
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observations. LEPS is analogous to a scoring system that rates the performance of a forecast by
rewarding good predictions and penalising poor forecasts, assigning a weighting proportional to the
degree of difficulty of a forecast. This is achieved through measurement of the forecast error in
probability space as opposed to a measurement (linear) space. The score is normalized so that random
forecasts score zero and perfect forecasts at the extremes of the distribution score higher than perfect
forecasts in the middle of the distribution. The scores are also scaled so that they decrease uniformly
with increasing separation between the forecast and verifying observation. The rationale for this
normalization and scaling is discussed in detail by Potts et al. (1996).

SCOPIC and FLOWCAST generates “Skill Tables” of LEPS scores for a range of forecast periods and
lead-times (Figure 4). The table represents the LEPS results (expressed as a percentage) for 108
separate “hind-cast” analyses (12 periods by 9 lead times). These results are “cross-validated”
meaning that the model is trained with all the data except for any from the forecast year, so as not to
bias the results. The forecast period is represented on the x-axis; 12 forecast periods (JFM, FMA,
MAM,.., OND) with the 9 lead-time (0,1,2,...,8 months) on the y-axis. A lead time of 0 implies a forecast
issued just prior to an event while a lead of time 6 implies forecasting an event 6 months ahead of
time. The skill score results are assigned colours relative to the magnitude of each score: a blue square
denotes forecasting skill greater than climatology (chance); a red square denotes forecasting skill
worse than climatology; while a white square denotes skill the same as climatology.

Cross-validated Tercile LEPS Scores (3mth Predictand Totals)
Using 3mth avg SOl Values (DA)
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Figure 4. - Skill Map of cross-validated LEPS skill scores showing periods of high skill in blue.

The range of possible LEPS skill scores is from -100% to 100%. In practice, a score of 100% would never
be achieved. For this to occur, the “hindcast” analysis would have to be correct every year in the first
or third category (tercile forecast) to achieve the maximum reward weighting. Typically LEPS skill
score values range non-linearly from -30% to 40%, but this can be influenced by the length of record
(LEPS skill score for a 100 year analysis can be about half that of a 50 years analysis), the forecast
methodology used (stratification or discriminant analysis), and characteristics of the methodology
such as number of phases (for stratification methodology) or number of predictor elements. For this
reason, it can be difficult to directly compare LEPS scores across different forecast systems and
location. However, individual LEPS skill scores across the table can usually be compared directly with
each other and several observations can be made from the resulting patterns:
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1. LEPS skill scores generally decrease with increasing lead-time
2. Blocks of “skill” and “no-skill” tend to group together around particular periods of the
year. From this, we can determine periods when forecasting is more reliable.

2.3 SCOPIC and FlowCast SCF software

SCOPIC and FLOWCAST seasonal climate forecasting software was developed as an education and
training tool for climate services staff in the Pacific and SE-Asia as well as for analysing and generating
climate forecasts. Although the two software share the same functionality and methodologies,
SCOPIC has a main focus as a training tool whereas FLOWCAST was designed as a research tool with
GIS capability. SCOPIC was used in the first year of the project and FLOWCAST for the remainder. Both
software employ the discriminant analysis methodology to produce probabilistic forecasts of rainfall
and other hydro-climatic variables as well as a range of skill tests including LEPS scores. A sample
output of SCOPIC and FLOWCAST is shown in Figure 5.
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Figure 5. Screenshots of (a) SCOPIC and (b) FlowCast software packages for seasonal climate
forecasting and analysis.
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3.0 Study Detail

The process used for the climate validations study is shown in Figure 6. A brief descript of each of the
component follows;

Predictors Predictands
SO Valuss M‘t\s raintal | _dlh. .
" 2. Streamflow
Nino3.4 SST |™™: vev]
o Sy il vl

Seasonal Climate
Forecasting Software

ororom————
T e O PlowGast
B o
TR e LS R
scopic -
PIS
Concurrent/Lag . Contingency
Correlations Skill Scores Tables
Nt oo 27 - 29y ) )
- o v S e (ol ST AN . M
I i 12 forecasting periods 5wl b oo
ey i 3 fead times & Fol* 5oy R
4=y =3y i 3 predictor. avg-periqds P
" - $ 9° ‘4' L3
Spatial/Temporal
Averaging Process
Climate Region  NINO 3.4 SOI SST1 SST1&2
[Climate Type1 | 7.22% 3.46% 1.49% | 1.17%

[Climate Type2 | 16.17% 6.67% 4.18% 6.35%
|Climate Type 3 : 18.77% | 10.99% 6.23% 6.56%
|Climate Type 4 | 14.97% 9.33% 6.27% 6.68%
Angat Dam Inflowi 14.03% | 15.16% 9.73% 9.51%

Angat Rainfall 9.33% 6.09% 3.02% 4.30%

Summary of Average Skill Scores for each Predictor
Figure 6. Flowchart describing the process used in the validation study.

3.1 Data collection and interpretation

Monthly rainfall records covering the major climate regions for each country were collected by country
partners (see individual country reports). Inthe case of Angat Dam in the Philippines stream flow data
was also used in the analysis. For the analysis of the onset of monsoon, daily rainfall data (>30 years)
was used for selected stations. A spreadsheet was developed to examine the effect of ENSO (El Nifio
and La Nifia) on the onset and duration of Monsoon. All data were quality checked using the “Explore
Data” feature in SCOPIC to assess the data record length, gaps and significant outliers. Data from
neighboring stations were used to patch missing values using a weighted average triangulation
method.

Distribution of average monthly rainfall for each station was used to define six months of “wet” and
“dry” periods for each country. The wet and dry period rainfall as well as three monthly rainfall (JFM,
AMJ, JAS..OND) were used to conduct synchronous correlation and contingency table analysis
between ENSO based predictors and rainfall. Synchronous relationship analysis was conducted using
the SCOPIC “Analyse Relationship/ Regression Analysis” feature. Both the trend in regression analysis
(positive or negative) between each climate driver (SOI, SST1 and STT2, Nifio 3.4, SST9 and SST11) and
rainfall/stream flow. Correlation values was recorded and for ease of interpretation, a star rating scale
was adopted (1 star for each 0.1 of correlation), with 1 star representing poorly correlated and 5 stars
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or greater representing good correlation. Rating for all stations and predictors were then tabulated
for comparative purposes and to provide an “estimate” of potential forecast skill.

3.2 Forecast Skill

As well as correlation analysis, assessment of forecasting skill was undertaken using the LEPS “Skill
Test” function within SCOPIC. All analyses were conducted using tercile forecasts. Using
rainfall/streamflow data for each country, a range of ENSO-based statistical forecast systems (Nifio
3.4, SOl and SSTs) were tested for each station to calculate a LEPS score for;

12 starting periods throughout the year (JFM, FMA, MAM, ..OND)

3 lead times (0,1 & 2 months)

3 predictor —averaging period (1,2 & 3 month for SST based systems & 2,3 &
4 month SOl based systems)

Longer averaging period for SOl based predictor was used due to inherent volatility in SOl values from
one month to next as compared to SST values. To enable a crude comparison between alternative
ENSO-based systems, the arithmetic average for each county and each climate region was calculated.
This average represents the results of 108 separate analyses (12 starting period, 3 lead times and 3
averaging period) as shown in Figure 7.
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Figure 7. Averaging method used in LEPS skill test.

3.3 Onset of Monsoon

A spreadsheet was used to determine the effect of ENSO (El Nifio and La Nifia) on the onset and
duration of monsoon in each country. The definition of the onset and duration of monsoon varied
from country to country but was generally defined as the first (last) date where cumulative rainfall
over a specified duration (days) exceeded (not exceeded) a certain threshold. For Each ENSO type,
these parameters were calculated and the distribution of data plotted. Classification of El Nifio and
La Nifia years were based on Allan 1988.

Final Project Report: CBA2012-01CMY-Abawi



CBA2012-01CMY-Abawi FINAL REPORT

4.0 Country Reports

The sections below present the results of the study for each country.

4.1 Philippines

4.1.1 Overview of Climate

The Philippines is located in the tropical north western Pacific Ocean. The country is oriented from
north to south between 4 to 23° north and 115 to 127° east. The Philippines is composed of about
7,000 islands. The eastern seaboard is the Pacific Ocean while the western seaboard is West Philippine
Sea (Figure 8). Two major seasonal wind streams affect the climate of Philippines, the southwest
monsoon which dominates during May to September and the northeast monsoon which dominates
during November to April. The circulation of the north Pacific high pressure area drives the wind over
the Philippines during the transition period (October to April) or when the major wind streams are
weak. Ocean currents surrounding the Philippines are responsible for bringing warm currents which
play a major role in the climate of the Philippines. The sea surface temperature of the pacific Nifio
region is known to influence the variability of the seasonal rainfall (National Oceanic and Atmospheric
Administration, 2006).

The Philippines can be divided into 4 main climate types based on the seasonality of rainfall within
each region (Figure 8). Type | is characterized by two pronounced seasons, dry from November to
April and wet during the rest of the year. Peak rainfall occurs from June to September. Type Il is
characterized by no dry season and a very pronounced rainy period from December to February. Type
[l is characterized by no maximum rainfall period. This type resembles type | with a short dry season
either during December to February or from March to May. Type IV resembles type Il with evenly
distributed rainfall throughout the year with no dry season. Monthly rainfall distribution for selected
stations within each climate type as well as the distribution of monthly streamflow and rainfall for the
nearby Science Garden rainfall station are shown in Figures 9 and 10.

e e

A

Figure 8. Climate map of the
Philippines based on rainfall
distribution for 45 synoptic and 66
climate stations (1951-2003).
Source PAGASA

o,
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4.1.2 Data

Data from three rainfall stations in each of the four climate types were selected for the analyses.
Record length and data quality (continuity) were major criteria in the selecting stations within each
climate type. Data from the following rainfall stations were used: Type | (Coron, Dagupan, Vigan);
Type Il (Casiguran, Daet, Tacloban); Type lll (lloilo, Mactan, Zamboanga); and Type IV (Davao, General
Santos, Tagbilaran). Relevant information for these stations are shown in Table 1. In addition to
rainfall data, monthly inflow into Angat Dam and neighboring rainfall stations (Science Garden and
Angat) were also used in the analysis to compare the relative forecasting skill of streamflow and
rainfall.

Angat Dam is an important source of water supply for Manila and forecasting of water inflow is very
important for the management of the water supply. Angat Dam is located in the province of Bulacan,
approximately 58 km north-east of Manila. It is a multi-purpose dam supplying almost 97% of water
supply in Metro Manila, generating power to feed the Luzon Grid and providing irrigation water for
the province of Bulacan. The dam also serves as flood control facility. The Angat reservoir has a usable
storage capacity of 850 million m3at an elevation of 217.4 MSL. Average annual inflows is 1,874 million
m3 from the Angat River and Umiray Trans-basin. The Angat catchment receives an average
precipitation of 3,037 mm annually. The allocation of water in the Angat Reservoir is the responsibility
of the National Water Resources Board (NWRB) and is largely governed by the Operational Rule of the
Angat Reservoir agreed between the user agencies such as National Power Corporation (NPC) for
power, Metropolitan Waterworks and Sewerage System (MWSS) for water supply and National
Irrigation Administration (NIA) for irrigation in coordination with the NWRB.

Agriculture represented by NIA and NPC, has first priority for water use by virtue of being the first
appropriators as provided by the Philippine Water Code. However, municipal demand represented by
MWSS in times of drought may have the priority over other use, except for recurrent drought where
alternative source for municipal purpose must be developed. Although NPC is the owner of Angat
Dam, NPC seeks clearances from NWRB regarding water releases.

Table 1: Location of rainfall stations and data quality used in the analyses

Station Start Date End Date Years Length Quality % Gaps Latitude Longitude

Vigan Jan-51 Dec-11 60 100 0 17.567 120.383
Dagupan Jan-51 Dec-11 60 99.7 2 16.05 120.333
Coron Jan-51 Dec-11 60 95.6 23 12 120.2
Tacloban Jan-51 Dec-11 60 100 0 11.233 125.033
Daet Jan-51 Dec-11 60 99.5 3 14.117 122.983
Casiguran Jan-51 Sep-11 60 98.6 6 16.283 122.117
lloilo Jan-51 Aug-10 59 99.7 2 10.7 122.567
Mactan Aug-72 Dec-11 39 99.6 2 10.3 123.967
Zamboanga Feb-51 Dec-11 60 98.6 10 6.9 122.067
Tagbilaran Jan-61 Dec-11 50 100 0 9.633 123.867
Davao Jan-51 Dec-11 60 99.5 4 7.117 125.65
General Santos Jan-51 Dec-11 60 96.6 12 6.117 125.183
Science Garden Feb-61 Dec-11 50 97.5 4 14.65 121.05
Angat Watershed | Jan-62 Dec-99 37 97.4 8 16.417 120.6
Angat (Inflow) Jan-68 Jul-13 45 100 0 16.417 120.6
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Monthly median values
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Figure 10. Distribution of rainfall and streamflow for Angat Dam and Science Garden rainfall

(Angat catchment).
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Based on the distribution of monthly rainfall, suitable periods were selected to define six months of
“wet” and “dry” period for concurrent correlation analysis (Table 2). Three monthly periods were also

defined for each climate type as shown in Table 3.

Table 2. Selection of 6 month “dry” and “wet” period for each climate type

Type 1 Climate

May - October

November - April

Type 2 Climate

August - January

February—July

Type 3 Climate

June - November

October — May

Type 4 Climate

May - October

November — April

Angat Dam

May - October

November — April

Table 3. Quarterly periods used in the analysis for each climate type.

Type 1 Climate Feb — Apr May — Jul Aug - Oct Nov —Jan
Type 2 Climate Jan — Mar Apr—Jun Jul—Sep Oct — Dec
Type 3 Climate Mar — May Jun — Aug Sep — Nov Dec — Feb
Type 4 Climate Feb - Apr May — Jul Aug — Oct Nov —Jan
Angat Dam Jan - Mar Apr—Jun Jul—Sep Oct —Dec

4.1.3 Synchronous Correlation

Synchronous correlation between ENSO predictors and rainfall was conducted using the FLOWCAST
“Analyse Relationship/ Regression Analysis” feature. Both the trend in regression (positive or
negative) between climate driver (SOI, SSTa’s and Nifio 3.4) and monthly rainfall (or inflow) was
recorded. Correlation coefficients for stations in each climate type was averaged as shown in Table 4.
Individual station correlations are presented in Appendix A. The results for Philippines shows that for
most stations, time of the year, and climate types, significant (positive) correlation exists between SOI
and rainfall, and negative correlation exists between Nifio 3.4 and rainfall. These results show higher
rainfalls are expected in the Philippines during the cold phase of ENSO (positive SOI or negative Nifio
3.4) and lower rainfall is expected during the warm phase of ENSO (EI Nifio).

Synchronous relationship between seasonal rainfall for both Nifio 3.4 and SOI in the Philippines are
strong to very strong in the “dry” season for all climate regions (with the exception of climate type I).
In comparison, SSTs (1, 2, 9 and 11) did not have the same level of strength in correlation with “dry”
season rainfall, with only a strong to very strong relationship existing for climate types 3 and 4. For
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the “wet” season a strong to very strong relationship was found for only climate type 2 with Nifio3.4
and SOl and again a weaker relationship with SSTs.

The same level of correlation and trend found across the 6 month “wet” and “dry” seasons was also
present in the seasonal quarters of the year. SST1 was the only EOF of those tested showing any real
strength of correlation to rainfall, with moderate strength existing for seasonal quarter 1 and 4 for
climate types 2, 3 and 4. The strength of correlation in the dry season as compared to the wet season
was somewhat expected, as the variability of rainfall during the dry season is low and hence more
predictable.

It is important to note that although Nifio3.4 displays a stronger correlation than SOI, direct
comparison cannot be made due to the limited availability of Nifio3.4 data (1982-2013) compared
with SOI data which dates back to 1876. The longest record used in the analyses was (26-30 years) in
the case of Nifio 3.4 and 40-60 years for all other predictors. It is also important to note that within
each climate region, differences in strength of relationship do exist between stations/locations and
the conclusion drawn above is based on the averaging of 3 stations in each climate region of which
some have varying lengths of records.

For Angat Dam inflow and catchment rainfall (Science Garden), a strong to very strong synchronous
correlation exists during for both Nifio3.4 and SOI particularly from January to June.

4.13 LEPS Skill score

As well as correlation analysis, assessment of forecasting skill was undertaken using the LEPS “Skill
Test” function within FLOWCAST software. Using rainfall/streamflow data for the Philippines, a range
of ENSO predictors (Nifio 3.4, SOl and SSTs) were tested for each station to calculate a LEPS score for;

12 starting periods throughout the year (JFM, FMA, MAM, ..OND)

3 lead times (0,1 & 2 months)

3 predictor —averaging period (1,2 & 3 month for SST based systems & 2,3 &
4 month SOl based systems)

An example of cross validated LEPS skill score for 3 month rainfall using a 2 months average predictor
period (Nifio3.4) for four rainfall stations in the Philippines as well as for Angat Dam inflow and rainfall
(Science Garden) are shown in Figures 10 and 11 respectively.

Final Project Report: CBA2012-01CMY-Abawi



Table 4. Summary of synchronous correlation between Nifio 3.4 and rainfall for different
climate types in the Philippines.

6m "Wet" Season- NINO 3.4 Relationship  Correlation  6m "Wet" Season Rating
Type 1- Rainfall (May - October) +ive 0.04 W

Type 2- Rainfall (August - January) -ive -0.60 VR W W
Type 3- Rainfall June - November) -ive -0.40 W W

Type 4- Rainfall (May - October) -ive -0.29 W
Angat-Rainfall (May - October) -ive -0.28 T

Angat- Inflow (May - October -ive -0.24 N

6m "Dry" Season- NINC 3.4 Relationship Correlation

Type 1- Rainfall (November - April) -ive -0.47 QR

Type 2- Rainfall (February - July) -ive -0.61 o3 Y00 W T
Type 3- Rainfall (October - May) -ive -0.71 a5 T30 T W0 BT
Type 4- Rainfall (November - April -ive -0.80 T 8ad T Tof 37 30 3T
Angat-Rainfall (November - April) -ive -0.53 B3] W30
Angat- Inflow (November - April) -ive -0.40 T

1st Quarter- NINO 3.4 Relationship Correlation

Type 1- Rainfall (February - April) -ive -0.30 R

Type 2- Rainfall (January - March) -ive -0.70 pigipagkawakeid
Type 3- Rainfall (March - May) -ive -0.63 kg kgw e
Type 4- Rainfall (February - April) -ive -0.75 5 W W
Angat-Rainfall (January - March) -ive -0.61 Agiprakanaid
Angat- Inflow (January - March) -ive -0.50 pAgRpagkatd

2nd Quarter'- NINO 3.4 Relationship Correlation 2nd Quarter Rating
Type 1- Rainfall (May - July) -ive -0.09

Type 2- Rainfall (April - June) -ive -0.55 LTI W

Type 3- Rainfall (June - August) +ive 0.02

Type 4- Rainfall (May - July) -ive -0.10 T

Angat-Rainfall (April - June) -ive -0.62 e T B Vol W W
Angat- Inflow (April - June) -ive -0.60 ARAg g gk

3rd Quarter’- NINO 3.4 Relationship Correlation 3rd Quarter Rating
Type 1- Rainfall (August- October) -ive -0.03

Type 2- Rainfall (July - September) +ive 0.04

Type 3- Rainfall (September - November) -ive -0.56 Rk kgwdnd

Type 4- Rainfall (August - October) -ive -0.23 a0
Angat-Rainfall (July - September) +ive 0.11 72?

Angat- Inflow (July - October) +ive 0.06

Ath Quarter™ NINO 3.4 Relationship Correlation 4th Quarter Rating
Type 1- Rainfall (November - January) -ive -0.39 phgh g

Type 2- Rainfall (October - December) -ive -0.55 Pigipsgkawd

Type 3- Rainfall (December - February) -ive -0.65 TN W
Type 4- Rainfall November - January) -ive -0.58 Agg ik
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Figure 10. Cross validated LEPS skill score using a 2 month predictor averaging period (Nifio3.4)
and 3 month predictand (rainfall) for selected rainfall stations in Philippines.
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Figure 11. Cross validated LEPS skill score using a 2 month predictor averaging period (Nifio3.4)
and 3 month predictand (inflow/rainfall) for Angat Dam and neighbouring Science Garden rainfall
station.

These results clearly show periods of the year where forecasts have significant skill (dark blue) and
period where there is no skill (red shading) and the lead time (months) when reliable forecasts can be
made. The results also show that the period of very low skill usually coincide with the peak of the
rainfall season when variability is very high.

To enable a crude comparison between alternative ENSO-based systems, the arithmetic average of
LEPS scores for each rainfall station, is shown Table 5. This average represents the results of 108
separate analyses (12 starting period, 3 lead times and 3 averaging period). The overall average for
each climate type is shown in Table 6.
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Table 5: Summary LEPS score for each climate type and ENSO predictor

Station NINO 3.4 SOl 5571 S5T1&2

Coron_Palawan 12.98% 5.09% 2.49% 2.65%
Dagupan City_Pangasinan 6.79% 3.89% 0.85% 0.79%
Vigan,Slocos Sur 1.90% 1.39% 1.13% 0.06%
Casiguran_Quezon 6.63% 4.22% 0.56% 1.15%
Daet_Camarines Norte 16.78% 7.63% 5.52% 5.49%
Tacloban City_Leyte 25.11% 8.16% 6.46% 12.41%
loilo City_iloilo 21.14% 6.10% 5.32% 4,29%
Mactan International Airport 23.19% 14.33% 8.81% 8.67%
Zamboanga_Zamboanga del sur 11.97% 12.55% 4.56% 6.72%
Davao City_Davao Del Sur 7.14% 4,65% 1.67% 1.30%
General Santos_South Cotabato 18.46% 9.16% 7.38% 8.79%
Taghilaran City_Bohol 19.31% 14.18% 9.75% 9.94%
Angat Dam (Inflow) 5.06% 3.68% 3.60% 4.88%
Science Garden 13.60% 8.49% 2.43% 3.71%

Table 6: Summary LEPS score for each climate type and ENSO predictor

Climate Region- Philippines NINO 3.4 SOl SST18&2

Climate Type 1 7.22% 3.46% 1.49% 1.17%
Climate Type 2 16.17% 6.67% 4.18% 6.35%
Climate Type 3 18.77% 10.99% 6.23% 6.56%
Climate Type 4 14.97% 9.33% 6.27% 6.68%
Angat Dam Inflow 14.03% 15.16% 9.73% 9.51%
Angat Rainfall 9.33% 6.09% 3.02% 4.30%

It is worth noting that the skill in forecasting stream-flow is higher than that of rainfall for the same
location (Angat inflow and Science Garden rainfall) as reflected in higher LEPS scores for all predictors
used (Table 6). Streamflow has an integrating effect (in time and space) of regional climate patterns
and is a better indicator of ENSO response than rainfall (Dutta et al. 2006).

The increasing water demand in Metro Manila and the lack of additional sources of water creates an
urgent need to optimize the operations of the Angat Reservoir, and rationalize the water allocation to
sectors served by the reservoir. The results found in this study and the use of the FLOWCAST software
can assist in optimum water allocation and enhance safeguards against shortages of water supply
(particularly during El Nifio) and risk of over tapping of the dam.

4.1.4 Onset and Duration of the Monsoon

A customized spreadsheet was developed to enable an assessment of the effect of ENSO on the onset
and duration of monsoon. Monsoon onset was defined as the first date (after April 1) where
cumulative rainfall over 3 days exceeded 25 mm. End of monsoon was defined as the first day (after
the start of monsoon) where cumulative rainfall over three successive days was less than 25 mm. After
calculating the start and end of monsoon for all years of data, the distribution of onset and duration
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was plotted for all years as well as the El Nifio and La Nifia subsets, as shown in Figure 12. Classification
of El Nifio and La Nifna years were based on Allan 1988.

The results clearly shows that ENSO has a significant effect on the onset and duration of monsoon
particularly for climate type Ill (Zamboanga). On average, the onset of monsoon is delayed by up to
38 days in an El Nifio years and is up to 35 days shorter duration than during La Nifia years. Results
for climate type Il (Casiguran) and type IV (Tagbilaran) show a delay of approximately 12 days during
an El Nifio year and shorter duration of about 17 days.
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Figure 12. Onset and duration in monsoon for a selected stations located in each of the four
climate regions (I - IV, top to bottom respectively) in the Philippines. Monsoon onset defined as
25mm rainfall over 3 consecutive days and monsoon duration defined as monsoon onset to
monsoon end (less than 25mm rainfall over 3 consecutive days).
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4.2 Bangladesh

4.2.1 Overview of Climate

Bangladesh has a sub-tropical monsoon climate characterized by large variation in seasonal rainfall.
The climate of this country can be described by the following four seasons: (a) winter or northeast
monsoon (December- February); (b) summer or pre-monsoon (March- May); (c) southwest monsoon
or monsoon (June-September); and, (d) autumn or post-monsoon (October-November). Winter
season is characterized by very low rainfall over the country with about 2% of annual rainfall occurring
in this season. In the summer season inflow of moisture from the Bay of Bengal mixes with the
westerly lows and gives rise to local thunderstorm in the late afternoon. These local severe storms are
usually called nor'westers which is associated with heavy rainfall. In the pre-monsoon season, about
19% of total annual rainfalls occurs. Monsoon normally reaches the coastal districts of the country by
the last week of May to first week of June and engulfs the whole country through June. Generally,
heavy to very heavy rain with overcast skies characterize this season. More than 71 % of the total
annual rainfall occurs in this season. In the post-monsoon season, rainfall decreases considerably and
signals the start of the dry period. Only about 8% of yearly rainfall occurs in the post-monsoon season.

Seasonal climate forecasts with the lead time of one month or longer is essential for Bangladesh. The
Bangladesh Meteorological Department (BMD) is responsible for providing weather forecast including
seasonal forecast. But BMD cannot satisfy the users as long-term variability of climate is un-
predictable most of the times. As a result, the losses due to weather and climate are still significant.
A robust seasonal weather forecasting system is highly desirable for BMD and Bangladesh for the
welfare of the Bangladesh nation. In this study, an attempt was made to determine the relationship
between ENSO and rainfall variability in Bangladesh using the SCOPIC and Flowcast seasonal climate
prediction software.
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4.2.2 Data

The methodology used in this study is described in section 3. Monthly rainfall for 25 stations in
Bangladesh (Figure 13) was used. The longest periods of data was from 1948 to 2013. However as
some of the stations were established after 1948, data length ranged from 36 to 65 years with missing
data particularly from 1948-1976 (Table 7).

Monthly rainfall distribution for selected stations are shown in Figures 14a and 14b. The highest
rainfall occurs from (June-September) peaking in July. Lowest rainfalls occur during December-
February winter season.

Table 7. Location of rainfall stations and data quality used in the analyses

Station Start Date End Date Years Length Quality % Gaps Latitude Longitude
Barisal Jan 1949 | Dec 2013 64 95.90 9 22.72 90.37
Bhola Apr 1966 | Dec 2013 47 95.80 7 22.68 90.65
Bogra Feb 1948 | Dec 2013 65 97.60 10 24.85 89.37
Chittagong Jan 1949 | Dec 2013 64 98.20 11 22.22 91.80
Comilla Jan 1948 | Dec 2013 65 96.70 4 23.43 91.18
CoxsBazar Jan 1948 | Dec 2013 65 100.00 0 21.45 91.97
Dhaka Jan 1953 | Dec 2013 60 98.40 1 23.77 90.38
Dinajpur Jan 1950 | Dec 2013 63 86.30 5 25.65 88.68
Faridpur Jan 1948 | Dec 2013 65 100.00 0 23.60 89.85
Ishurdi Apr 1961 | Dec 2013 52 91.60 8 24.15 89.03
Jessore Aug 1948 | Dec 2013 65 99.90 1 23.20 89.33
Khepupara Jan 1974 | Dec 2013 39 98.50 5 21.98 90.23
Khulna Jan 1948 | Dec 2013 65 93.80 12 22.78 89.57
Madaripur Jan 1977 | Dec 2013 36 96.20 2 23.17 90.18
MaijdiCourt | Jan 1951 | Dec 2013 62 95.80 4 22.87 91.10
Mymensingh| Jan 1948 | Dec 2013 65 96.70 4 24.73 90.42
Patuakhali Aug 1973 | Dec 2013 40 92.80 5 22.33 90.33
Rajshahi Jan 1964 | Dec 2013 49 95.30 3 24.37 88.70
Rangamati Jan 1957 | Dec 2013 56 96.50 1 22.63 92.15
Rangpur Jan 1954 | Dec 2013 59 93.60 11 25.73 89.27
Sandwip May 1966 | Dec 2013 57 94.80 5 22.48 91.43
Satkhira Jan 1948 | Dec 2013 65 92.60 21 22.72 89.08
Srimongal Jan 1948 | Dec 2013 65 100.00 0 24.30 91.73
Teknaf Jan 1977 | Dec 2013 36 99.80 1 20.87 92.30

Final Project Report: CBA2012-01CMY-Abawi



Monthly median values
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Figure 14a. Distribution of rainfall for selected stations across Bangladesh.
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Figure 14b. Distribution of rainfall for selected stations across Bangladesh.
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Based on the distribution of monthly rainfall for the selected stations, suitable periods were selected
to define six months of “wet” and “dry” and four quarterly periods (winter, pre-monsoon, monsoon
and post-monsoon) for concurrent correlation analysis (Table 8).

Table 8. Distribution of annual rainfall in Bangladesh

6months “WET season” May - Oct
6 months “DRY season” Nov - Apr
Winter Dec—Feb
Pre-monsoon Mar — May
Monsoon Jun—Aug
Post-monsoon Sep —Nov

4.2.3 Synchronous Correlation

Synchronous correlation analysis was carried out using the FLOWCAST “Analyse Relationship/
Regression Analysis” feature. The analysis was conducted between all 6 separate rainfall periods
(Table 8) and Nifio 3.4, SOI, SST1 and 2 predictors. An example of the correlation analysis for Nifio 3.4
and 6 month rainfall during the “wet” period is given in Table 9. Average correlation results are given
in Table 10. Full results are included in Appendix B.

The results for Bangladesh shows for most stations a nil to moderate (negative) correlation between
Nifno3.4 and rainfall during the wet season, and a low to moderate positive correlation between Nifo
3.4 and rainfall during the dry season. Similar results were found between SOl and rainfall albeit with
a negative correlation. No significant correlation was found between SSTa’s (1 and 2) and rainfall. The
highest correlation was (r =0.52) found in the first quarter for all predictors. However, this period
coincide with the dry season in Bangladesh and the strength of correlation is expected, as rainfall
variability during the dry season is low and highly predictable. Of all the predictors tested, Nifio3.4 had
the strongest correlation for the first quarter rainfall. Although a causative relationship between ENSO
and Bangladesh rainfall appears to exist, there is no significant or consistent relationship between
ENSO and rainfall across Bangladesh (Appendix B).
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Table 9 Synchronous correlation summary for Niiio 3.4 and rainfall for selected stations

Station \, NINO 3.4 Relationship  Correlation  6m "WET" Season Rating
Barisal -ive -0.14 N
Bhola -ive -0.08

Bogra -ive -0.36 Yryr v
Chittagong -ive -0.12 ik
Comilla -ive -0.12 W
CoxsBazar -ive -0.17 T:\?
Dhaka -ive -0.11 1
Dinajpur -ive -0.02

Faridpur -ive -0.13 T:\?
Ishurdi +ive 0.03

lessaore +ive 0.14 T:T
Khepupara -ive -0.37 T:\? ‘ﬂ-,‘ u
Khulna +ive 0.06

Madaripur +ive 0.03

MaijdiCourt -ive -0.13 ik
Mymensingh -ive -0.05

Patuakhali +ive 0.01

Rajshahi +ive 0.06

Rangamati -ive -0.17 g
Rangpur +ive 0.01

Sandwip -ive -0.17 W
Satkhira +ive 0.04

Srimongal -ive -0.13 W
Teknaf -ive -0.17 i

Table 10 Average synchronous correlation summary for all stations analysed.

PREDICTOR

NINO 3.4
SOl

SST1
SST2
SST9
SST11

6m "DRY"
Season Rating Season Rating

1st Quarter
(Dec - Feb)

2nd Quarter
(Mar - May)

3rd Quarter 4th Quarter
(Jun - Aug) (Sep - Nov)
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4.2.4 LEPS Skill Score

As well as correlation analysis, assessment of forecasting skill was undertaken using the LEPS “Skill
Test” function within FLOWCAST software. Based on the geographical location of each station and the
years of records available a revised list of 9 stations were selected across Bangladesh and a range of
ENSO predictors (Nifio 3.4, SOl and SSTs) were tested for each station to calculate a LEPS score for;

12 starting periods throughout the year (JFM, FMA, MAM, ..OND)
3 lead times (0,1 & 2 months)

3 predictor —averaging period (1,2 & 3 month for SST based systems & 2,3 &
4 month SOl based systems)

An example of cross validated LEPS skill score for four stations using 3 months average SOl for 12
starting period (JFM, FMA...DJF) is shown in Figure 15. Individual results are shown in Appendix B.
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Figure 15. Cross validated LEPS skill score using a 3 month predictor averaging period (SOI) and 3
month predictand (rainfall) for selected rainfall stations in Bangladesh.

These results generally shows very low predictability across the year particularly during the wet
months of May to September. To enable a crude comparison between alternative ENSO-based
systems, the arithmetic average of LEPS for each rainfall station, is shown Table 11. This average
represents the results of 108 separate analyses (12 starting period, 3 lead times and 3 averaging
period. These results further confirm a lack of predictability of rainfall for all predictors tested.
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Table 11: Summary LEPS score (%) for selected stations and ENSO predictor

NINO 3.4 50l 55T1&2
Barisal 0.73% 2.22% -0.52% -1.67%
Chittagong 0.21% 1.02% 0.42% -0.30%
Comilla -0.83% 2.54% 0.88% 2.85%
CoxsBazar 2.06% 0.60% -0.34% | -0.98%
Dinajpur -0.01% 1.07% -0.09% -0.35%
Faridpur 0.16% 1.01% 0.02% -0.87%
Jessore 0.46% 1.34% 0.20% -0.61%
Mymensingh -0.26% 1.64% 1.05% | -0.04%
Srimongal -0.16% 4.25% | -0.04% 1.09%

4.2.5 Onset and Duration of the Monsoon

A customized spreadsheet was developed to enable an assessment of the effect of ENSO on the onset
and duration of monsoon. Monsoon onset was defined as the first date (after April 1) where
cumulative rainfall over fifteen consecutive days exceeded 60 mm. End of monsoon was defined as
the first day (after the start of monsoon) where cumulative rainfall over ten successive days was less
than 30 mm. After calculating these parameters for all years of data at each location the distribution
of onset and duration was plotted based for all years of data and then segregated to El Nifio and La
Nifia subsets. The distribution of monsoon onset and duration for Cox’s Bazar is shown in Figures 16
and 17 respectively. No clear distinction in terms of delay in the onset or the duration of the monsoon
could be observed between El Nifio or La Nifia years. Given the low relationship and poor skill
previously found from concurrent correlation analysis and LEPs skill testing, this outcome was
expected.
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Figure 16. Monsoon onset for Cox’s Bazar based on receiving 60mm over 15 consecutive days,
shown as days after 1 April.
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Figure 17. Monsoon duration for Cox’s Bazar, shown as days from monsoon onset (60mm rainfall
over 15 consecutive days) to monsoon end (less than 30mm rainfall over 10 consecutive days).

The analyses presented above illustrates that seasonal prediction of rainfall in Bangladesh is a
challenging task. The synchronous relationship between ENSO predictors and rainfall is poor.
Accordingly, the magnitude of LEPS score is low. High scores are irregularly observed but there is no
spatial and temporal coherence. The climate of Bangladesh is strongly influenced by orographic effects
as well as strong monsoonal rain which masks any influence of ENSO in this country.
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4.3 Indonesia

4.3.1 Overview of Climate

Indonesia experiences a typical monsoonal climate system with distinct wet and dry seasons. The
annual cycle is dominated by the interaction of the complex topography and the austral-Asian
monsoon, and is subject to significant inter-annual variability leading to extremes of drought and anti-
drought events generated by conditions in both neighbouring oceans. Aldrian and Susanto (2003)
identified three distinct climate regions across Indonesia (Figure 18). Region A experiences a wet NW
monsoon during November to March and a dry SE monsoon during May through September. The
other regions exhibit quite different rainfall patterns with Region B exhibiting rainfall peaks in
October/November and March to May and a distinctive June/July peak for Region C.
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Figure 18. Three Indonesian climate rainfall patterns (a-c). Source: Aldrian and Susanto (2003,
p1438-39). Region A: solid line, Region B: short dashed line and Region C:dashed line.

The dominant source of inter-annual climate variability in Indonesia is the El Nifio Southern Oscillation
(Giannini et al. 2007), estimated to account for about two-thirds of the variance (Haylock and McBride
2001). The remaining variability is driven by Indian Ocean sea surface temperatures (Indian Ocean
dipole — 10D) and internal regional processes associated with the monsoon and the Inter-Tropical
Convergence Zone (ITCZ). Aldrian and Susanto (2003) identified Region C as being most strongly
influenced by ENSO, followed by Region A, with Region B being most influenced by the north/south
movement of the ITCZ.

Across Indonesia, including Lombok, drought conditions are associated with warm ENSO events (El
Nifio) and positive IOD episodes. Anti-drought events are associated with cool ENSO events (La Nifia)
and negative 0D episodes. The coherency between ENSO and Indonesia reaches a maximum during
austral spring (Haylock and McBride 2001; Naylor et al. 2007) and greatly influences the onset of the
monsoon with significant impacts on local agriculture. A 30-day delay in monsoon onset is critical to
agricultural risk (Naylor et al. 2007). While the onset coincides with the period when ENSO exerts its
strongest influence on Indonesian rainfall, the influence of ENSO weakens significantly during the rainy
season (December- February) (Haylock and McBride, 2001; Giannini et al. 2007). The onset of the
austral-Spring monsoon varies across Indonesia with earlier starts in the north-west and later starts in
the south-east of the country (Aldrian and Susanto, 2003; Naylor et al. 2007). Depending on the wind
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movements across the oceans that influence the monsoon events, the effect of the west monsoon

may last up to March.

4.3.2 Data

Ten (10) rainfall stations from three climate types were selected for the analyses (Figure 19) and Table
12. Based on rainfall seasonality in Indonesia, annual rainfall was split into dry and wet seasons
according to climate type as shown in Table 13. The longest data set was for Jakarta (1864-2014) and
the shortest data set was for Sarmi (1974-2013).

Indonesia »

Monthly median values .

AMPENAN

Lk s

KUPANG

ANBON

Figure 19. Meteorological station used within the 3 main climate regions of Indonesia (red cycle,

green cycle and, brown cycle) Monsoon, Equatorial and Local Climate Type.

Table 12. Meteorological stations used within the 3 main climate regions of Indonesia.

Climate Region Type Specify station Start Date End Date Years Ler Quality % Gaps

Longitude Latitude

Aceh Jan 1952 | Jan 2014 62 100% 0 5.52N 95.42E

1. Monsoonal Jakarta Jan 1864 | Feb 2014 150 100% 0 6.16S |107.22E
Ampenan Jan 1951 | Apr 2014 63 100% 0 8.52S | 116.07E

Kupang Jan 1947 | Apr 2014 67 100% 0 10.16S | 124.07E

Medan Jan 1948 | Mar 2011 66 100% 0 3.57N 99.07 E

2. Equatorial Padang Jan 1950 | Feb 2014 64 100% 0 1.27S | 100.34E
Pontianak Jan 1947 | Mar 2014 67 100% 0 0.01S |109.37E

Sarmi Jan 1974 | Dec 2013 39 100% 0 2.2S 139.13E

3. Local Palu Jan 1954 | Dec 2013 59 100% 0 1.07S | 120.13E
Ambon Jan 1950 | Dec 2013 63 100% 0 4.09S |128.07E

The distribution of median rainfall for each climate type (Monsoonal, Equatorial and Local) is shown

in Figures 20a — 20c respectively.
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Figure 20a. Distribution of rainfall for selected stations in Monsoon climate region.
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Figure 20b. Distribution of rainfall for selected stations in Equatorial Monsoon climate region.
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Figure 20c. Distribution of rainfall for selected stations in Local climate region.
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In the Monsoon climate type (Aceh, Jakarta, Ampenan and Kupang) the wet season occurs from
November to April while the dry season lasts from May to October. In the Equatorial climate type
(Medan, Padang, Pontianak and Sarmi) average rainfall exceeds 100 mm throughout the year
peaking in October. In the Local climate region (Ambon and Palu) the wet season occurs between
May to October while the dry season lasts from November to April. Based on these rainfall
patterns, a 6 months “wet” period, 6 months “dry” period and four quarterly periods of 3 months
were selected for each of the three climate regions and used in the synchronous correlation
analyses (Table 13).

Table 13. Six month and quarterly rainfall periods for the three main rainfall regions in Indonesia

Climate Region 6months 6 months 1st 2nd 3rd 4th
Type “WET season” “DRY season” Quarter Quarter Quarter Quarter
1. Monsoonal Nov- Apr May - Oct Jan-Mar| Apr-Jun| Jul - Sep | Oct - Dec
2. Equatorial Nov- Apr May - Oct Jan-Mar| Apr-Jun| Jul - Sep | Oct - Dec
3. Local May - Oct Nov - Apr | Nov-Jan|Feb - Apr| May - Jul | Aug - Oct

4.3.3 Synchronous rainfall correlation

Synchronous correlation analysis was conducted using the SCOPIC “Analyse Relationship/Regression
Analysis” feature. Both the trend in regression (positive or negative) between predictors (Nifio 3.4,
SOl and SSTs) and rainfall for each period defined in Table 13 was recorded. An example of the
correlation between rainfall and ENSO (SOI and Nino 3.4) for several rainfall stations in Equatorial
climate zone is given in Figures 21 and 22. Detailed synchronous results for all climate types and
predictors are shown in Appendix C.

May-Oct BANDUNG vs SOIValues Way-Oct SEMARANG v SOIValues Iay-Oct BANYUWANGI vs SOValues

. 1]

Tagn 4h © S,
9 0 g9 ° o

o & (T @

O g 4] ()0

gw%o@@% 127% W 0 1M

T 12
W )J b)] )J F/)J .)J 3)] 300 1000 1100 1200 1300 1400 1300 1600 700 = O‘I 1w )J )J 0)] )J F/)J )J d)J 9)]
SEVARMG

'Z 7% o * o,
: > g0 o0
3;29% AR

63 ‘P@a%oo s
Vot 82

| UARRARRENRRRY
v 1)] )J n O)J )J F/)J ‘)J oW
BANDUNG

May-Oct LUUNGPANDANG vs SONalues May-Oct DENPASAR vs SONalues May-Oct AMPENAN [ SO\VaIues
5 .5
' 32%@% 2?8% 3 5% 2 e .27:5%‘
g ! : 0wy b ¢
@ ¢h e I WA
4 B4 &
1% 8.1% 395%6.4% 9.8% 6.9%
i ﬁ‘)] Zv‘)] 0‘)] 5/‘)] 5‘)] T“)J d‘)] 9‘)] 1‘)‘)] 11131 0')] ﬂv‘)] 1-‘)] ﬁ;] Zv‘)] 0‘)] 5/‘)] 61‘)] TC"] A;] 9‘)] 1‘)‘)] Hj)] 1"\‘)] 15/‘)] W‘)] RUL 1‘3‘0 ﬁ;] Zv;] 0‘)] 3‘)] F/‘)] T“)] A‘)] 9‘)] |‘)‘)]
ULUNGPANDANG DENPASAR AVPENAN
May-Oct SUMBAWA vs S0Values May-Oct BIAK vs SONValues May-Oct MERAUKE vs SOValues
alg%—* 6.8% Ozé% 2%y 1494 ¢ 000293% s
O i
% ¢ 00@ S0 (RN ‘o
]
2.6% ; 2.3% ] g@ 2°f> 9.1% 4.3%

—() T T T T T T T
™OR X W0 0 D M w0 0 T an e W W W ® W W W& W E M
£ VERHIE

Figure 21. Synchronous relationship between SOI and Rainfall (May-October)
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Figure 22. Synchronous relationship between Nino 3.4 and Rainfall (May-October)

Contingency tables and regression analysis show that the synchronous relationship between
seasonal rainfall and SOI, Nifio 3.4 and SST for the Monsoonal and Local climate type is strong to
very strong in the May — October period. This coincides with the dry season for Monsoonal type and
wet season for Local climate type. SOl had a positive relationship with higher SOI leading to
increased rainfall (La Nifia conditions) and Nifio3.4 had a negative relationship with higher Nifio3.4
leading to reduced rainfall (El Nifio condition).

For Equatorial climate type the relationship between ENSO predictors and rainfall is weak. In this
region the tropical air masses from both hemispheres converge forming the Inter Tropical
Convergence Zone. These air masses are warm and humid with large scale convection resulting in
heavy rains during most part of the year.

It is important to note that differences in the strength of relationship exist between stations/locations
and conclusions drawn above is based on the averaging of 2-4 stations in each climate region

4.3.4 LEPS Skill Scores

Assessment of forecasting skill was also undertaken using the “Skill Test” function within FLOWCAST.
A range of ENSO-based statistical forecast systems were tested for each station to calculate a LEPS
score for 3 months rainfall with:

e 12 starting periods throughout the year,
3 lead times (0,1 & 2 months), and
3 predictor —averaging periods (1,2 & 3 month for SST & Nifio3.4 based systems , & 2,3 & 4

month SOl based systems).

An example of cross validated LEPS skill scores for Ampenan is shown in Figure 21. The results show
consistent forecasting skill from July to December with poor skill during the peak rainy season
(January-April).

To assess an overall level of skill for each predictor, the average annual LEPS score for 108
combinations of predictors, lead times and periods of the year (as outlined above) was calculated for
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each climate type and rainfall station. The results are summarised in Table 15. The results show
similar skill for both SOI and Nino 3.4 particularly for Equatorial and Local climate types. SSTa 1 and 2
also shows similar skill, although not as strong (Table 15).

Cross-validated Tercile LEPS Scores (3mth Predictand Totals)
Using 3mth avg SOl Values (DA)
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Figure 21. LEPS skill table for using average three month SOI as predictor of rainfall for Ampenan

Table 15. Average annual LEPS score (%) for each station based for a range of predictors

Climate Region Type  Station Nifio 3.4

Aceh 11.70% 11.40% 3.20%

Monsoonal Jakarta 5.70% 5.60% 1.30%
Ampenan 6.30% 5.40% 3.70%

Kupang 24.10% 23.50% 9.20%

Medan 20.10% 19.10% 4.10%

Equatorial Padang 22.50% 21.60% 12.40%
Pontianak 11.90% 10.70% 9.70%

Sarmi 19.00% 18.50% 13.30%

Palu 5.40% 4.90% 5.30%

ocal Ambon 17.20% 16.40% 9.50%

4.3.5 Onset and Duration of the Monsoon

To assess the effect of ENSO on the onset and duration of monsoon in Indonesia, daily rainfall data for
several stations in eastern Indonesia were used in the customized spread sheet. Monsoon onset was
defined as the first date (after October 1) when cumulative rainfall over ten consecutive days
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exceeded 60 mm. End of monsoon was defined as the first day (after the start of monsoon) where
cumulative rainfall over fourteen days was less than 25 mm. The distribution of onset and duration
was plotted based on all years of data and then segregated into El Nifio and La Nifia subsets. The
distribution of monsoon onset and duration for Ampenan is shown in Figures 22 and 23 respectively.
The results show that in La Nifia years, 50% of the time the monsoon onset is delayed by 18 days or
less, as compared to a delay of up to 42 days in El Nifio years. Similarly, 50% of years the monsoon
duration in La Nifia years is about 45 day compared to 25 days in El Nifio years. The distribution of for
other rainfall stations in Indonesia is shown in Fig 24.
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Figure 22. Distribution of monsoon onset for Ampenan during El Niiio, La Nifia and all years
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Figure 23. Distribution of monsoon duration for Ampenan during El Nifio, La Nifia and all years
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Distributions for Oct Predictands (1mth Totals)
Using ENSO Phases in Sep at 0 mths Lead-time
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Figure 24. Onset of monsoon displayed as days after 1 October and separated based on Phases
of ENSO
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5. Conclusion

The following conclusions are drawn from this study:

e Impact of ENSO is strong in the Philippines with moderate to high forecasting skill through
most of the year particularly for climate type IV (See section 4.1) with lead times of 3-4
months. Nifio 3.4 as well as SOI has the strongest relationship with rainfall variability across
the whole region. Forecasting skill is poor during the peak rainy season.

e Forecasting of inflow into Angat Dam supplying Metro Manila is possible through most of the
year with lead times of up to 4 months. Significant opportunities exist for using stream-flow
forecast to optimize competing demand from Angat Dam.

e Onset and duration of monsoon in the Philippines is influenced by ENSO with later onset and
shorter duration of monsoon during El Nifio years and earlier onset and longer duration during
La Nifa years. This is particularly pronounced for climate type lll (Zamboanga). On average,
the onset of monsoon is delayed by up to 38 days in an El Nifio years and is up to 35 days
shorter as compared to La Nifia years.

e Impact of ENSO on the Indonesian rainfall is also strong with moderate to high forecasting
skill particularly in eastern Indonesia. Over western Indonesia and Java the effect of ENSO on
rainfall variability is less pronounced. In this region the Indian Ocean Dipole may have more
influence but was not investigated in this study due to limited resources and data availability.

e Results from eastern Indonesia showed that on average the onset of monsoon tends to be
delayed by up to 1 month and have a shorter duration in El Nifio years as compared to La Nifia
years ( see section 4.3)

e There appears to be little influence of ENSO on the climate of Bangladesh in terms of the
predictability of rainfall, onset and duration of the monsoon season.

6. Future Directions

The potential for increased risk, as well as the impacts of future changes in climate on agriculture and
water resources, demonstrates the need to evaluate current practice for managing climate risks and
developing strategies for adapting to future changes in climate. Understanding the impacts of climate
on SE-Asian agriculture and natural resources systems and the ability to predict these events with
sufficient lead-time for government and farmers to take remedial action, is crucial for policy
development and ensuring long-term sustainability and food security in the region. Potential benefits
can best be achieved through further work in developing pilot projects in areas where the potential for
forecasting is strong and forecasting with sufficient lead time can significantly improve resource use
and other operational efficiencies (e.g. Angat Dam management in the Philippines). Furthermore, to
develop a better regional understanding of ENSO on the climate of SE-Asia and potential impacts,
further studies on the influence of ENSO across other Asian countries (e.g. Lao, Cambodia and Vietnam)
is highly desirable.
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Appendix A - Detailed Results for the Philippines
Table Al. Synchronous correlation summary between Niiio 3.4 and rainfall (& inflow) for different
climate types in the Philippines.

6m "Wet" Season- NINO 3.4 Relationship  Correlation  6m "Wet" Season Rating
Type 1- Rainfall (May - October) +ive 0.04 ¥

Type 2- Rainfall (August - January) -ive -0.60 TR W W
Type 3- Rainfall June - November) -ive -0.40 W

Type 4- Rainfall (May - October) -ive -0.29 Wi
Angat-Rainfall (May - October} -ive -0.28 Pran

Angat- Inflow (May - October -ive -0.24 W

em "Dry" Season- NINO 3.4 Relationship Correlation

Type 1- Rainfall (November - April) -ive -0.47 Vo] Yo

Type 2- Rainfall (February - July) -ive -0.61 T %ad 00 W BT
Type 3- Rainfall (October - May) -ive -0.71 Il 30 T W W W BT
Type 4- Rainfall (November - April -ive -0.80 T %ad T 00 W 00 0T T
Angat-Rainfall (November - April) -ive -0.53 30 W W
Angat- Inflow (November - April) -ive -0.40 epr A any

1st Quarter'- NINO 3.4 Relationship Correlation st Quarter Rating
Type 1- Rainfall (February - April) -ive -0.30 e

Type 2- Rainfall (January - March) -ive -0.70 T S Vol T Tl BT Wl
Type 3- Rainfall (March - May) -ive -0.63 T Tl Tl Baf TS0
Type 4- Rainfall (February - April) -ive -0.75 T B Va0 T 0T W
Angat-Rainfall {January - March) -ive -0.61 3ol Tl Bof TS0
Angat- Inflow (January - March) -ive -0.50 pRph kg ke

2nd Quarter'- NINO 3.4 Relationship Correlation 2nd Quarter Rating
Type 1- Rainfall (May - July) -ive -0.09

Type 2- Rainfall (April - June) -ive -0.55 S W W

Type 3- Rainfall (June - August) +ive 0.02

Type 4- Rainfall (May - July) -ive -0.10 ol

Angat-Rainfall (April - June) -ive -0.62 T ST W Wof W0
Angat- Inflow (April - June} -ive -0.60 9o Yol Yol W Tl Il

3rd Quarter'- NINO 3.4 Relationship Correlation 3rd Quarter Rating
Type 1- Rainfall (August- October) -ive -0.03

Type 2- Rainfall (July - September) +ive 0.04

Type 3- Rainfall (September - November) -ive -0.56 0 W

Type 4- Rainfall {August - October) -ive -0.23 oW
Angat-Rainfall (July - September) +ive 0.11 ]

Angat- Inflow (July - October} +ive 0.06

4th Quarter'- NINO 3.4 Relationship Correlation 4th Quarter Rating
Type 1- Rainfall (November - January) -ive -0.39 RNk

Type 2- Rainfall (October - December) -ive -0.55 WL W W W

Type 3- Rainfall (December - February) -ive -0.65 WL W
Type 4- Rainfall November - January) -ive -0.58 T 3o 0ol BT 57
Angat-Rainfall (October - December) -ive -0.58 PRgagkgkghd
Angat- Inflow (October - December) -ive -0.41 gk g*aiy
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Table A2. Summary of synchronous correlation between SOI and rainfall (& inflow) for different
climate types in the Philippines.

6m "Wet" Season- SOI

Relationship Correlation

6m "Wet" Season Rating

Type 1- Rainfall (May - October) -ive -0.08

Type 2- Rainfall {August - January) +ive 0.50 7 W W
Type 3- Rainfall June - November) +ive 0.11 T

Type 4- Rainfall (May - October) +ive 0.16 4
Angat-Rainfall (May - October) +ive 0.10 g

Angat- Inflow (May - October +ive 0.08

6m "Dry" Season- SOI

Relationship

Correlation

Type 1- Rainfall (November - April) +ive 0.32 Tl Tad Tad

Type 2- Rainfall (February - July) +ive 0.44 7 W3 W

Type 3- Rainfall {October - May) +ive 0.60 Tl B Vo W W
Type 4- Rainfall (November - April +ive 0.72 NI W
Angat-Rainfall (November - April) +ive 0.54 T U W Vo 10
Angat- Inflow {November - April} +ive 0.37 T W

1st Quarter™- NINO 3.4 Relationship  Correlation

Type 1- Rainfall (February - April} +ive 0.26 Tl Taf

Type 2- Rainfall {January - March) +ive 0.55 Il B Vo BT W
Type 3- Rainfall (March - May) +ive 0.39 o S Bod

Type 4- Rainfall (February - April) +ive 0.64 [l Vo 0000 W
Angat-Rainfall {January - March) +ive 0.57 T W W
Angat- Inflow (January - March) +ive 0.34 d Yo%l

2nd Quarter’- NINO 3.4 Relationship  Correlation

Type 1- Rainfall (May - July) -ive -0.19 i

Type 2- Rainfall {April - June) +ive 0.40 T 50 Yod 5T
Type 3- Rainfall {June - August) -ive -0.18 il

Type 4- Rainfall (May - July) +ive 0.07

Angat-Rainfall (April - June) +ive 0.33 d Yo%l
Angat- Inflow (April - June) +ive 0.21 il 10

3rd Quarter’- NINO 3.4 Relationship  Correlation

Type 1- Rainfall {August- October) +ive 0.04

Type 2- Rainfall (July - September) +ive 0.01

Type 3- Rainfall (September - November) +ive 0.46 T W
Type 4- Rainfall {August - October) +ive 0.18 T
Angat-Rainfall (July - September] -ive -0.26 f Bd
Angat- Inflow (July - October) -ive -0.18 il

4th Quarter'- NINO 3.4

Relationship

Correlation

Type 1- Rainfall (November - January) +ive 0.23 Tl Tad

Type 2- Rainfall {October - December) +ive 0.49 ad B W
Type 3- Rainfall (December - February) +ive 0.58 Il B Vo W W
Type 4- Rainfall November - January) +ive 0.55 I R e R ey
Angat-Rainfall (October - December) +ive 0.49 il W00
Angat- Inflow (October - December) +ive 0.47 T W
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Table A3. Summary of synchronous correlation between SSTa’s and rainfall (& inflow) for different
climate types in the Philippines.

6m "Wet" Season-55T 1

Relationship

Correlation

6m "Wet" Season Rating

Type 1- Rainfall (May - October) +ive 0.03

Type 2- Rainfall (August - January) -ive -0.37 il Yof %7
Type 3- Rainfall June - November) -ive -0.22 oy Wy
Type 4- Rainfall (May - October) -ive -0.22 ol W
Angat-Rainfall (May - October) -ive -0.25 ol W
Angat- Inflow (May - October +ive 0.08 e

6m "Wet" Season-55T 2
Type 3- Rainfall June - November)

Relationship

+ive

Correlation
0.25

6m "Wet" Season-55T 9

Relationship

Correlation

6m "Wet" Season Rating

Type 1- Rainfall (May - October) -ive -0.06

Type 2- Rainfall (August - January) +ive 0.21 T W
Type 3- Rainfall June - November) +ive 0.23 T W
Angat-Rainfall (May - October) -ive -0.04

Angat- Inflow (May - October +ive 0.17 4

6m "Wet" Season-SST 11
Type 4- Rainfall (May - October)

Relationship

-ive

Correlation
-0.09

B6m "Wet" Season Rating

6m "Dry" Season- 55T 1

Relationship

Correlation

6m "Dry" Season Rating

Type 1- Rainfall (November - April) -ive -0.28 Bl T

Type 2- Rainfall (February - July) -ive -0.28 oy Wy

Type 3- Rainfall (October - May) -ive -0.44 Il W W
Type 4 Rainfall (November - April -ive -0.56 Il W W W
Angat-Rainfall (November - April) -ive -0.39 T W W7
Angat- Inflow (November - April) -ive -0.25 T W

6m "Dry" Season- S5T 2

Relationship

Correlation

6m "Dry" Season Rating

Type 3- Rainfall {October - May} -ive -0.01
Angat-Rainfall (November - April) -ive -0.22 T W
Angat- Inflow (November - April) +ive 0.05

6m "Dry" Season- 55T 9

Relationship

Correlation

6m "Dry" Season Rating

Type 1- Rainfall (November - April) -ive -0.05
Type 2- Rainfall (February - July) +ive 0.12 <4
Type 3- Rainfall (October - May) +ive 0.07
Angat-Rainfall (November - April) +ive 0.07
Angat- Inflow (November - April) +ive 0.02

6m "Dry" Season- 55T 11
Type 4 Rainfall (November - April

Relationship

+ive

Correlation
0.20

6m "Dry" Season Rating
R
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different climate types in the Philippines.

1st Quarter- 55T 1

Relationship

Correlation

Table A3 continued. Summary of synchronous correlation between SST’s and rainfall (& inflow) for

1st Quarter Rating

Type 1- Rainfall (February - April) -ive -0.15 Tod

Type 2- Rainfall (January - March) -ive -0.37 PARA Ry
Type 3- Rainfall (March - May) -ive -0.36 Ll W 57
Type 4- Rainfall (February - April) -ive -0.49 il B W 0T
Angat-Rainfall (January - March) -ive -0.37 T 3 B
Angat- Inflow {January - March) -ive -0.18 il

1st Quarter- 55T 2

Relationship

Correlation

Type 3- Rainfall (March - May) +ive 0.13 Tod
Angat-Rainfall (January - March) +ive 0.10 T
Angat- Inflow {January - March) +ive 0.12 T

1st Quarter- S5T 9 Relationship Correlation 1st Quarter Rating
Type 1- Rainfall (February - April) +ive 0.03
Type 2- Rainfall (January - March) -ive -0.01
Type 3- Rainfall (March - May) +ive 0.06
Angat-Rainfall (January - March} -ive -0.07
Angat- Inflow {January - March) -ive -0.04

1st Quarter- 55T 11
Type 4- Rainfall (February - April)

Relationship

+ive

Correlation
0.19

1st Quarter Rating

2nd Quarter- SST 1

Relationship

Correlation

2nd Quarter Rating

Type 1- Rainfall (May - July) +ive 0.03

Type 2- Rainfall {April - June) -ive -0.37 ol T W
Type 3- Rainfall (June - August) +ive 0.19 <
Type 4- Rainfall (May - July) +ive 0.01
Angat-Rainfall (April - June) -ive -0.38 T W
Angat- Inflow (April - June) -ive -0.35

2nd Quarter- 55T 2

Correlation

Relationship

2nd Quarter Rating

Type 3- Rainfall (June - August) +ive 0.23 Tod Tl
Angat-Rainfall (April - June) +ive 0.10 T
Angat- Inflow (April - June) +ive 0.12 T

2nd Quarter- 55T 9

Relationship

Correlation

2nd Quarter Rating

Type 1- Rainfall (May - July) -ive -0.14
Type 2- Rainfall (April - June) -ive -0.01
Type 3- Rainfall (June - August) -ive -0.09
Angat-Rainfall {April - June) +ive 0.05
Angat- Inflow (April - June) -ive -0.03

2nd Quarter- 55T 11

Relationship

Correlation

2nd Quarter Rating

Type 4 Rainfall (May - July)

+ive

0.02
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Table A3 continued. Summary of synchronous correlation between SST’s and rainfall (& inflow) for

different climate types in the Philippines.

3rd Quarter- 55T 1

Relationship

Correlation

3rd Quarter Rating

Type 1- Rainfall (August- October) +ive 0.11 i

Type 2- Rainfall (July - September) +ive 0.11 W

Type 3- Rainfall (September - November) -ive -0.42 i Yl S50
Type 4- Rainfall {August - October) -ive -0.22 0 Tl
Angat-Rainfall (July - September) +ive 0.13 kg

Angat- Inflow (July - October) +ive 0.39 DA a e

3rd Quarter- 55T 2

Relationship

Correlation

3rd Quarter Rating

Type 3- Rainfall (September - November) +ive 0.04
Angat-Rainfall (July - September) -ive -0.38 T W
Angat- Inflow (July - October} -ive -0.22 PR

3rd Quarter- 55T 9 Relationship Correlation 3rd Quarter Rating
Type 1- Rainfall (August- October) +ive 0.02

Type 2- Rainfall (July - September) +ive 0.03

Type 3- Rainfall (September - November) +ive 0.36 Yl W
Angat-Rainfall (July - September) -ive -0.03

Angat- Inflow (July - October) +ive 0.12 4

3rd Quarter- SST 11
Type 4- Rainfall (August - October)

Relationship

-ive

Correlation
0.00

3rd Quarter Rating

Ath Quarter- S5T 1

Relationship

Correlation

Ath Quarter Rating

Type 1- Rainfall (November - January) -ive -0.26 1ol T

Type 2- Rainfall {October - December) -ive -0.36 RS
Type 3- Rainfall (December - February) -ive -0.42 o T
Type 4- Rainfall November - January) -ive -0.46 5ad Vo W T
Angat-Rainfall {October - December) -ive -0.49 RXgAa*e
Angat- Inflow (October - December) -ive -0.37 RAR*]

Ath Quarter- S5T 2

Relationship

Correlation

Type 3- Rainfall (December - February) -ive -0.10 1d
Angat-Rainfall (Qctober - December) -ive -0.24 0 T
Angat- Inflow (October - December) -ive -0.15 kg

Ath Quarter- 55T 9 Relationship Correlation 4th Quarter Rating
Type 1- Rainfall (November - January) -ive -0.05

Type 2- Rainfall (October - December) +ive 0.20 g 1

Type 3- Rainfall (December - February) - 0.00

Angat-Rainfall {October - December) +ive 0.24 0 Tf

Angat- Inflow (October - December) +ive 0.23 0 W0

Ath Quarter- 55T 11
Type 4- Rainfall November - January)

Relationship

+ive

Correlation
0.10

Ath Quarter Rating
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Table A4 Cross validated tercile LEPS skill score table using 1,2 and 3 month averaging Nifio 3.4 SST
anomalies and 3 month rainfall totals for 12 starting period (JFM, FMA...DJF).

NINO3.4 TYPE 1
Coron
Aug-Oct Oct-Dec Dec-Feb
Omths lead
1mths lead y
2mths lead
2 months
Omths lead
1mths lead
2mths lead
Omths lead
1mths lead
2mths lead
Dagupan
Jan-Mar Oct-Dec Nov-Jan Dec-Feb
Omths lead -0.90%
1mths lead
2mths lead
Omths lead
1mths lead
2mths lead
3months | Jan-Mar | FebApr | MarMay | Aprun | MayJul | Jun-Aug | JulSep | Aug-Oct | SepNov | OctDec | Novian |
Omths lead
1mths lead
2mths lead .
Vigan,ilocos Sur
1month Jan-Mar Feb-Apr Mar-May Apr-Jun Oct-Dec Nov-Jan Dec-Feb
Omths lead -1.80% -4.70% -1.90% -3.90% -2.90% -2.30%
1mths lead -1.50% -4.80% -2.40% -4.00% -2.10% -3.20%
2mths lead -2.10% -4.40% -0.80% -3.40% -1.80% -3.20%
2 months
Omths lead -1.70% -4.90% -2.20% -4.00% -2.50% -2.70%
1mths lead -1.80% -4.60% -1.70% -3.70% -1.90% -3.20%
2mths lead -2.40% -4.30% -3.70% -1.90% -3.20%
3 months
Omths lead -1.80% -4.70% -1.80% -3.80% -2.20% -2.80%
1mths lead -2.00% -4.50% -0.80% -3.90% -3.10% -0.40% -1.90% -3.10%
2mths lead -2.30% -4.30% -3.90% -2.30% | -1.70% -2.00% -3.10%

NINO3.4 TYPE2

Casiguran quezon

1month Oct-Dec Dec-Feb
Omths lead
1mths lead

Oct-Dec Nov-Jan Dec-Feb

Omths lead
1mths lead
2mths lead
Tacloban City leyte

Jan-Mar Oct-Dec Dec-Feb
Omths lead
1mths lead
2mths lead

2 months
Omths lead
1mths lead
2mths lead

Omths lead

1mths lead

2mths lead -2.80%
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[ NINO3.4 TYPE 3

Jan-Mar Oct-Dec Nov-Jan Dec-Feb
Omths lead
imths lead
2mths lead

Omths lead
1mths lead
2mths lead

Oct-Dec Nov-Jan Dec-Feb
Omths lead
1mths lead
2mths lead

Omths lead

1mths lead
2mths lead

Omths lead
1mths lead
2mths lead
Zamboanga zamboanga Del Sur

Oct-Dec Nov-Jan Dec-Feb

Omths lead -1.40%
1mths lead -2.90% -2.20%
2mths lead -3.30%

NINO3.4 TYPE4

May-Jul Jun-Aug Jul-Sep Aug-Oct Sep-Nov Oct-Dec Nov-Jan Dec-Feb
Omths lead -4.20% -1.10% -3.50% -2.50% -1.80%
1mths lead -4.10% -2.40% -3.70% -3.60% -1.40% -0.50%
2mths lead -3.70% -2.80% -4.70% -2.30% -1.00%

Omths lead -4.20% -1.90% -0.70% -3.70% d -1.20%
1mths lead -3.90% -2.70% -4.40% -3.20% -0.60%
2mths lead -3.40% -2.90% -4.30% -2.20% -2.60%

Omths lead -4.00% -2.50% ! -3.50% . -1.10%
1mths lead -3.60% -2.90% I -2.90% -2.00%
2mths lead -3.60% -3.10% | -2.10% -3.50%

May-Jul Jun-Aug Aug-Oct Oct-Dec Dec-Feb
-4.50% -3.50% -0.50%

Omths lead
1mths lead
2mths lead
Tagbilaran City bohol

Oct-Dec Dec-Feb
Omths lead
1mths lead
2mths lead

Omths lead
1mths lead
2mths lead

Omths lead
1mths lead
2mths lead
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Appendix B - Detailed Results for Bangladesh

Table Bla Synchronous correlation summary between Nifio 3.4 and rainfall during “wet” season

Station \ NINO 3.4 Relationship  Correlation  6&m "WET" Season Rating
Barisal -ive -0.14 Xy
Bhola -ive -0.08

Bogra -ive -0.36 YW W
Chittagong -ive -0.12 b
comilla -ive -0.12 X a i
CoxsBazar -ive -0.17 Tlr‘
Dhaka -ive -0.11 Y
Dinajpur -ive -0.02

Faridpur -ive -0.13 Xy
Ishurdi +ve 0.03

Jessore +ve 0.14 yxy
Khepupara -ive -0.37 WY
Khulna +ve 0.06

Madaripur +Hve 0.03

MaijdiCourt -ive -0.13 Xy
Mymensingh -ive -0.05

Patuakhali +Hve 0.01

Rajshahi +ve 0.06

Rangamati -ive -0.17 o
Rangpur +ive 0.01

Sandwip -ive -0.17 W
Satkhira +ve 0.04

Srimongal -ive -0.13 Ny
Teknaf -ive -0.17 i

Table B1b Synchronous correlation summary for Nifio 3.4 “dry”season

Relationship  Correlation
Barisal +ive 0.27
Bhola +ive 0.32
Bogra +ive 0.04
Chittagong +ive 0.21
Comilla +ive 0.26
CoxsBazar +ive 0.03
Dhaka +ive 0.21
Dinajpur +ive 0.31 %
Faridpur +ive 0.15 T‘Lr‘
Ishurdi +ive 0.22 o
Jessore +ive 0.29 T W
Khepupara +ive 0.26 o W
Khulna +ive 0.53 W W W
Madaripur +ive 0.32 W
MaijdiCourt +ive 0.40 W W W
Mymensingh +ive 0.06
Patuakhali +ive 0.24 W
Rajshahi +ive 0.25 W
Rangamati +ive 0.28 Y v
Rangpur -ive -0.01
Sandwip +ive 0.17 X4
Satkhira +ive 0.23 W
Srimongal +ive 0.35 Y Y
Teknaf -ive -0.12 W
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Table B1c Synchronous correlation summary for Nifio 3.4 (1% Quarter)

Station \ NINO 3.4 Relationship  Correlation  1st Quarter (Dec - Feb)

Barisal

Bhola +ive 0.46
Bogra +ive 0.30
Chittagong +ve 0.24
Comilla +ive 0.37
CoxsBazar -ive -0.10
Dhaka +ive 0.38
Dinajpur +ive 0.27
Faridpur +ve 0.38
Ishurdi +ive 0.21
Jessore +ive 0.10
Khepupara +ive 0.36
Khulna +ve 0.49
Madaripur +ve 0.38
MaijdiCourt +ve 0.39
Mymensingh +ive 0.21
Patuakhali +ive 0.52
Rajshahi +ive 0.20
Rangamati +ive 0.19
Rangpur +ive 0.20
Sandwip +ive 0.25
Satkhira +ive 0.36
Srimongal +ve 0.10
Teknaf -ive -0.21 Y

Station \ NINO 3.4 Quarter (Mar - May)
Barisal +ive 0.23 T
Bhola +ive 0.14 W
Bogra -ive -0.08

Chittagong -ive -0.11 bxg
Comilla +ive 0.05

CoxsBazar -ive -0.20 TN
Dhaka -ive -0.06

Dinajpur -ive -0.11 o
Faridpur -ive -0.10

Ishurdi +ve 0.19

Jessore +ive 0.21

Khepupara +ive 0.14

Khulna +ve 0.36

Madaripur +ve 0.17
MaijdiCourt +ive 0.22
Mymensingh -ive -0.03

Patuakhali +ve 0.42

Rajshahi -ive -0.22

Rangamati +ive 0.22

Rangpur -ive -0.35

Sandwip -ive -0.05

Satkhira -ive -0.05

Srimongal +ve 0.05

Teknaf -ive -0.17 14
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Table Ble Synchronous correlation summary for Nifio 3.4 (3™ Quarter)

Station \ NINO 3.4 Relationship  Correlation  3rd Quarter (Jun - Aug)
Barisal -ive -0.08

Bhola +ve 0.10

Bogra - 0.00

Chittagong -ive -0.35 W
Comilla +ve 0.01

CoxsBazar +ive 0.05

Dhaka +Hve 0.09

Dinajpur -ive -0.01

Faridpur +Hve 0.14 Yy
Ishurdi - 0.00

Jessore +ive 0.09

Khepupara +ve 0.21 Yol Tl
Khulna -ive -0.03

Madaripur +ve 0.08

MaijdiCourt +ve 0.03
Mymensingh -ive -0.03

Patuakhali +ve 0.09

Rajshahi +ive 0.13 W
Rangamati -ive -0.07

Rangpur +ive 0.10

Sandwip -ive -0.07

satkhira +ive 0.13 W
Srimongal +ve 0.10

Teknaf +Hve 0.06

Table B1d Synchronous correlation summary for Nifio 3.4 (4" Quarter)

Station \ NINO 3.4 Relationship  Correlation  4th Quarter (Sep - Nov)
Barisal -ive -0.05

Bhola -ive -0.17 VX
Bogra -ive -0.26 TN
Chittagong -ive -0.16 ixi
Comilla -ive -0.19 ixi
CoxsBazar -ive -0.20 oy
Dhaka +Hve 0.09

Dinajpur -ive -0.16 i
Faridpur +Hve 0.02

Ishurdi +ive 0.11 i
Jessore +ive 0.20 Tl‘g‘ '3':‘['
Khepupara -ive -0.22 TN
Khulna +ve 0.03

Madaripur +ive 0.06
MaijdiCourt -ive -0.16 Xy
Mymensingh +ve 0.10

Patuakhali +ve 0.01

Rajshahi -ive -0.07

Rangamati -ive -0.04

Rangpur -ive -0.07

Sandwip -ive -0.05

Satkhira -ive -0.04

Srimongal -ive -0.10

Teknaf -ive -0.20 TlT TlT
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Station \ SOI

Relationship

Correlation

Table Ble Synchronous correlation summary for SOI

6m "WET" Season Rating

Barisal +ive 0.22 W
Bhola +ive 0.11 W

Bogra +ive 0.28 T:LF ‘f.?
Chittagong +ve 0.19 b
Comilla +ive 0.01

CoxsBazar +ive 0.10 T:‘f

Dhaka +ive 0.09

Dinajpur -ive -0.04

Faridpur +ive 0.17 b
Ishurdi +ive 0.04

Jessore -ive -0.11 T:Lf_
Khepupara +ive 0.24 T,';r‘ ‘3{-7
Khulna -ive -0.01

Madaripur -ive -0.11 W
MaijdiCourt +ive 0.02

Mymensingh -ive -0.03

patuakhali -ive -0.13 W
Rajshahi +ive 0.11 W
Rangamati +ive 0.01

Rangpur - 0.00

Sandwip +ive 0.10 W
Satkhira -ive -0.08

Srimongal +ive 0.03

Teknaf +ive 0.03

Station \ SOI Relationship  Correlation  6m "DRY" Season Rating
Barisal -ive -0.09

Bhola -ive -0.13 W

Bogra -ive -0.12 T:Lr'
Chittagong -ive -0.13 W
Comilla -ive -0.23 YW
CoxsBazar -ive -0.08

Dhaka -ive -0.27 W
Dinajpur -ive -0.03

Faridpur -ive -0.23 h* 4 i
1shurdi -ive -0.15 i
Jessore -ive -0.22 L* W
Khepupara -ive -0.39 W W
Khulna -ive -0.38 oW
Madaripur -ive -0.41 YW Wi
MaijdiCourt -ive -0.38 W W
Mymensingh -ive -0.20 o W
Patuakhali -ive -0.49 WWW
Rajshahi “ive -0.24 W
Rangamati -ive -0.30 Wi W
Rangpur -ive -0.04

Sandwip -ive -0.08

Satkhira -ive -0.30 W W
Srimongal -ive -0.25 W N
Teknaf +ive 0.08
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Station \ SOI Relationship  Correlation  1st Quarter (Dec - Feb)
Barisal -ive -0.03

Bhola -ive -0.17 i<y
Bogra -ive -0.23 T,"ﬁ"s
Chittagong -ive -0.17 b
Comilla -ive -0.34 TN
CoxsBazar -ive -0.06

Dhaka -ive -0.23 Ty
Dinajpur -ive -0.19 b
Faridpur -ive -0.13 T,';r‘
Ishurdi -ive -0.18 wr
Jessore -ive -0.05 A
Khepupara -ive -0.39 YW
Khulna -ive -0.34 W
Madaripur -ive -0.30 hxd Trr
MaijdiCourt -ive -0.20 W
Mymensingh -ive -0.20 W
patuakhali -ive -0.49 W WO
Rajshahi -ive -0.17 b
Rangamati -ive -0.20 Wy
Rangpur -ive -0.17 Tl
Sandwip -ive -0.15 4
Satkhira -ive -0.20 W
Srimangal -ive -0.19 W
Teknaf +ive 0.31 o W
Station \, SOI Relationship  Correlation  2nd Quarter (Mar - May)
Barisal -ive -0.07

Bhola -ive -0.12 Y
Bogra +ive 0.05

Chittagong +ve 0.04

Comilla -ive -0.07

CoxsBazar +ive 0.08

Dhaka -ive -0.10

Dinajpur +ive 0.08

Faridpur +ve 0.04

Ishurdi +ive 0.01

Jessare -ive -0.08

Khepupara -ive -0.14 o
Khulna -ive -0.08

Madaripur -ive -0.20 T,';FT:I
MaijdiCourt -ive -0.18 hxg
Mymensingh -ive -0.13 W
Patuakhali -ive -0.30 W
Rajshahi +ve 0.12 o
Rangamati -ive -0.26 N
Rangpur +ive 0.21 WL
Sandwip -ive -0.04

Satkhira +ive 0.05

Srimongal -ive -0.06

Teknaf +ive 0.26 Y
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Station \ SOI Relationship  Correlation  3rd Quarter (Jun - Aug)
Barisal +ive 0.05

Bhola -ive -0.17 uw
Bogra tive 0.17 oy
Chittagong +ive 0.14 W
Comilla -ive -0.08

CoxsBazar +ive 0.05

Dhaka +ive 0.09

Dinajpur -ive -0.10

Faridpur +ive 0.43 WAL W
Ishurdi -ive -0.11 4
Jessore -ive -0.11 4 §
Khepupara -ive -0.09

Khulna -ive -0.18 Y
Madaripur -ive -0.17 T:Lf_
MaijdiCourt -ive -0.03

Mymensingh -ive -0.05

Patuakhali -ive -0.36 Yy
Rajshahi -ive -0.07

Rangamati -ive -0.06

Rangpur -ive -0.11 Tl
Sandwip -ive -0.07

Satkhira -ive -0.26 W
Srimongal -ive -0.05

Teknaf -ive -0.12 e
Station \ SOI Relationship  Correlation  4th Quarter (Sep - Nov)
Barisal +ive 0.32 WL W
Bhaola +ive 0.34 ek akd
Bogra +ive 0.20 T:Lr‘ i
Chittagong “ive -0.26 e
Comilla +ive 0.18 Y
CoxsBazar +ive 0.20 T:LT W
Dhaka +ive 0.05

Dinajpur -ive -0.01

Faridpur +ive 0.23 T:Lr‘ 1
1shurdi +ive 0.20 R
Jessore -ive -0.08

Khepupara +ive 0.34 YRR
Khulna +ive 0.04

Madaripur +ive 0.01

MaijdiCourt +ive 0.32 WWW
Mymensingh -ive -0.03

Patuakhali +ive 0.05

Rajshahi +ive 0.20 W
Rangamati +ive 0.20 L4
Rangpur +ive 0.03 Tl
Sandwip +ive 0.14 W
Satkhira +ive 0.02

Srimongal +ive 0.10

Teknaf +ive 0.27 %l W
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Table 2 Synchronous correlation summary for SST 2

Station \ 55T2 Relationship  Correlation  6m "WET" Season Rating
Barisal -ive -0.13 v

Bhola -ive -0.16 W

Bogra +ive 0.02

Chittagong +ive 0.06

Comilla -ive -0.35 WO
CoxsBazar +ive 0.16 54

Dhaka -ive -0.03

Dinajpur +ive 0.06

Faridpur -ive -0.04

Ishurdi -ive -0.17 W

Jessore +ive 0.14 54
Khepupara +ive 0.41 W WYY
Khulna +ive 0.18 W
Madaripur -ive -0.23 T W
MaijdiCourt +ive 0.08

Mymensingh - 0.00

Patuakhali -ive -0.06

Rajshahi -ive -0.18 b
Rangamati +ive 0.18 Y
Rangpur - 0.00

Sandwip +ive 0.31 Yo

Satkhira +ive 0.11

Srimongal -ive -0.12 b

Teknaf +ive 0.59 W W W W W

Station \ S5T2 Relationship Correlation

Barisal - 0.00

Bhola -ive -0.46 W
Bogra +ive 0.09

Chittagong +ive 0.02

Comilla -ive -0.08

CoxsBazar +ive 0.02

Dhaka +ive 0.13 WO
Dinajpur +ive 0.28 WO
Faridpur +ive 0.02

Ishurdi -ive -0.12 i
Jessore +ive 0.03

Khepupara -ive -0.16 v
Khulna +ive 0.09

Madaripur -ive -0.12 v
MaijdiCourt +ive 0.07
Mymensingh +ive 0.05

Patuakhali -ive -0.26 N
Rajshahi -ive -0.01

Rangamati +ive 0.08

Rangpur +ive 0.29

Sandwip -ive -0.13 W
Satkhira +ive 0.05

Srimongal -ive -0.04

Teknaf -ive -0.18 b
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Station \ SST2

Correlation

1st Quarter (Dec - Feb)

Barisal +ive 0.09

Bhola -ive -0.25 W
Bogra +ive 0.07
Chittagong +ive 0.29

Comilla +ive 0.26
CoxsBazar +ive 0.06

Dhaka +ive 0.16

Dinajpur +ive 0.12

Faridpur +ive 0.18

Ishurdi - 0.00

Jessore +ive 0.11 g
Khepupara +ive 0.01

Khulna +ive 0.22 b
Madaripur +ive 0.05
MaijdiCourt +ive 0.11 o
Mymensingh -ive -0.01
Patuakhali +ive 0.10

Rajshahi -ive -0.10
Rangamati +ive 0.07

Rangpur -ive -0.21

Sandwip +ive 0.15

Satkhira +ive 0.06
Srimongal +ive 0.10

Teknaf -ive -0.02

Station \, 55T2

Correlation

2nd Quarter (Mar - May}

Barisal +ive 0.09

Bhola -ive -0.25 W
Bogra +ive 0.07
Chittagong +ive 0.29

Comilla +ive 0.23
CoxsBazar +ive 0.06

Dhaka +ive 0.16 Tr
Dinajpur +ive 0.12 4
Faridpur +ive 0.18 Y7
Ishurdi - 0.00

Jessore +ive 0.11 T:LT
Khepupara +ive 0.01

Khulna +ive 0.22
Madaripur +ive 0.05
MaijdiCourt +ive 0.11 o
Mymensingh -ive -0.01
Patuakhali +ive 0.10

Rajshahi -ive -0.10
Rangamati +ive 0.07

Rangpur -ive -0.21
Sandwip +ive 0.15

Satkhira +ive 0.03
Srimongal +ive 0.10

Teknaf -ive -0.02
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Station \ SST2 Relationship  Correlation  3rd Quarter (Jun - Aug)
Barisal -ive -0.13 h g
Bhola -ive -0.21 YT
Bogra -ive -0.15 17
Chittagong +ive 0.06
Comilla -ive -0.42 W W
CoxsBazar +ive 0.11 i~
Dhaka -ive -0.22 W
Dinajpur -ive -0.09
Faridpur -ive -0.10
1shurdi -ive -0.11 o
Jessore -ive -0.02
Khepupara +ive 0.18 T.';r‘
Khulna +ive 0.03
Madaripur -ive -0.16 T."f
MaijdiCourt -ive -0.05
Mymensingh -ive -0.07 g
Patuakhali - 0.00 by
Rajshahi -ive -0.32 b a*a*d
Rangamati +ive 0.03
Rangpur -ive -0.11 T
Sandwip +ive 0.19 W
Satkhira +ive 0.12 W
srimongal -ive -0.27 WY
Teknaf +ive 0.42 T YW
Station \ 55T2 Relationship Correlation
Barisal -ive -0.09
Bhola -ive -0.23 Y
Bogra -ive -0.03
Chittagong +ve 0.05
Comilla -ive -0.29 Y
CoxsBazar tive 0.07
Dhaka - 0.00
Dinajpur +ive 0.07
Faridpur -ive -0.07
Ishurdi -ive -0.23 YT
Jessore +ive 0.17 T:Lf_
Khepupara +ive 0.04
Khulna +ive 0.19 o
Madaripur -ive -0.24 prgwd
MaijdiCourt +ive 0.01
Mymensingh -ive -0.22 b
Patuakhali -ive -0.25 YN
Rajshahi -ive -0.07
Rangamati -ive -0.02 T.';r‘
Rangpur +ive 0.13 Tl
Sandwip +ve 0.07
Satkhira -ive -0.07
Srimongal -ive -0.11 W
Teknaf +ive 0.25 T
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Appendix C - Detailed Results for Indonesia
Table C1. Summary of synchronous correlation between Nifio 3.4 and rainfall for different climate
types in Indonesia
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Appendix D - Conferences/Symposia/Workshops

The first workshop was help in Kuala Lumpur Malaysia from 10-13 January 2012. Twelve collaborators
from Indonesia, Philippines and Bangladesh attended the workshop. The workshop agenda is
attached below;

Asia-Pacific for Global Change Research Project Workshop No:1

“Building scientific capacity in Seasonal Climate Forecasting (SCF) for improved risk management
decisions in a changing climate”. Hotel Capitol, Kuala Lumpur, Malaysia 10 — 13 January 2012.

Monday 9% January 2012 — Participant Arrive

Tuesday 10" January 2012

9:00 - 10:00 Welcome, APN project objectives and housekeeping
Dr Yahya Abawi

10:00 - 10:30 Morning Tea Break

10:30-12:30 Getting started with SCOPIC (software revision) — Dr Yahya Abawi
12:30 - 2:00 Lunch

2:00-3:00 SCOPIC Hands On (demonstration data set) — All Participants

3:00-3:30 Afternoon Tea Break

3:30-4:30 Applications of SCF (pilot projects across the Pacific) — Dr Yahya Abawi

4:30-5:00 Reflection on day (summary, feedback and comments)

Wednesday 11% January 2012

9:00-10:00 Assessing Data Quality (Browser, patching techniques etc) — DR Simon
White

10:00-10:30 Morning Tea Break

10:30-11:30 Validation Study in the Pacific (example of workshop output) — Dr Yahya
Abawi

11:30-12:30 SCOPIC Hands On (using individual country rainfall data sets)
All Participants

12:30 -2:00 Lunch

2:00 -3:00 SCOPIC Hands On continued (defining divers of climate)

3:00-3:30 Afternoon Tea

3:30-4:30 Predicting the Onset and Duration of Monsoon — Dr Simon White

4:30-5:00 Reflection on day (summary, feedback and comments)
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Thursday 12" January 2012

9:00-10:00 Partner Country Presentations- SCOPIC results- Philippines
10:00-10:30 Morning Tea Break
10:30-11:30 Partner Country Presentations- SCOPIC results - Indonesia
11:30-12:30 Partner Country Presentations- SCOPIC results - Bangladesh
12:30-2:00 Lunch Break
2:00-2:30 Group discussion- SCF for policy development- Indonesia
2:30-3:00 Group discussion- SCF for policy development- Bangladesh
3:00-3:30 Afternoon Tea
3:30-4:00 Group discussion- SCF for policy development- Philippines
4:00-4:30 Reflection on day (summary, feedback and comments)
4:30-6:00 Break before dinner
6:00 —8:00 Workshop Dinner (with local guests)

Friday 13" January 2012

9:00-10:00 Hands On- Onset and Duration of Monsoon — All participants

10:00-10:30 Morning Tea Break

10:30-11:30 Report structure (APN requirements), draft report
11:30-2:00 Lunch Break

2:00-3:00 Informal Partner Country Summary Presentations

(20 minutes each)

3:00-3:30 Afternoon Tea

3:30-4:30 The next step (outcomes to date and advancing pilot projects)

4:30-5:00 Workshop closure (results summary and outstanding issues)
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The second workshop was held from 5-10 January in Lombok Indonesia. As well as participants from
the first workshop, local staff from Indonesian agencies (BPTP, BMKG, UNRAM) also attended the
workshop as observers.

Asia-Pacific Network for Global Change Research (APN) Project Workshop No:2

“Building scientific capacity in Seasonal Climate Forecasting (SCF) for improved risk management
decisions in a changing climate”. CBA2012-01CMY-Abawi

Hotel Jayakarta, Lombok. Indonesia. JI. Raya Senggigi Km.4, January 5% - 10", 2014

Sunday January 5th - Participants arrive

Monday January 6th, 2014: Hotel Jakarta Conference Room
9:00-10:00 Welcome Address
Dr. Ir. Dwi Praptomo S., MS, Head of BPTP NTB
APN project and workshop objectives
Dr Yahya Abawi, project Leader
10:00 - 10:30 Morning Tea Break
10:30-12:30 Review of activities, milestones and achievements (Year 1)
Dr Yahya Abawi
12:30 - 2:00 Lunch
2:00 - 3:00 Review of climate forecasting and validation study including key concepts
and terminology
Dr Yahya Abawi
3:00-3:30 Afternoon Tea Break
3:30-5:00 Validation Study in the Pacific (A guide for SE_Asia) -Dr Yahya Abawi
Introduction to FLOWCASTand comparison with SCOPIC
Dr Yahya Abawi and Mr Adi Ripaldi BMKG

Tuesday 07 January 2014: Hotel Jakarta Conference Room

9:00 - 10:00 Assembling new/updated data sets (SCOPIC/FLOWCAST)and assessing
data quality (Browser)

Dr Simon White

10:00 - 10:30 Morning Tea Break

10:30-11:30 Updating rainfall data sets and Climate Indices

11:30-12:30 FLOWCAST Hands On (using individual country rainfall data sets)
12:30-2:00 Lunch

2:00 - 3:00 FLOWCAST ...... continued (defining divers of climate)

3:00-3:30 Afternoon Tea

3:30-5:00 Predicting the Onset and Duration of Monsoon

Dr Simon White
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Wednesday 08 January 2014: Hotel Jakarta Conference Room

9:00-10:00 Validation Study (Continued)
All Participants
10:00-10:30 Morning Tea Break
10:30-11:30 Validation continued — interactive session
11:30-12:30 Validation Continued — interactive session
12:30-2:00 Lunch Break
2:00-2:30 Validation (including onset of Monsoon) Continued
2:30-3:00 Validation (including onset of Monsoon) Continued
3:00-3:30 Afternoon Tea
3:30-4:00 Group discussion- policy implications of climate forecasts
Identification of case studies —
4:00-4:30 Reflection on day (summary, feedback and comments)
6:00 —8:00 Workshop Dinner (with local guests)
Thursday 09 January 2014: Hotel Jakarta Conference Room
9:00-10:00 Report structure — Draft Outline of Final report
Planning activities for the remainder of the project
10:00 -10:30 Morning Tea Break
10:30-11:30 Setting deadlines and allocation of tasks — All Participants
11:30-2:00 Lunch Break
Country Presentations (summary of workshop achievements)
2:00-3:00 .
(20 minutes each)
3:00-3:30 Afternoon Tea
3:30-4:30 The next step
4:30-5:00 Workshop closure (results summary and outstanding issues)
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Appendix E - Funding Sources outside the APN

In-kind contribution of US S 29000 was provided through the Australian Bureau of Meteorology-
AusAid for the first year of project for software development. The Indonesian Assessment Institute
for Agricultural Technology (Balai Pengkajian Teknologi Pertanian- BPTP) provided US $ 8000 in-kind
contribution for administrative support and logistics during the second year of the project. Professor
Yahya Abawi (Ariana Consulting Engineers) made himself available as the Project Leader on a pro-bona
basis.
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Appendix F - List of Young Scientists

Indonesia
Name:

Organisation:

Phone:
Email:

Philippines
Name:

Organisation:

Phone:
Email:

Name:

Organisation:

Phone:
Email:

Bangladesh
Name:

Organisation:

Phone:
Email:

Adi Ripaldi (Public Climate Data and Information)

Meteorological, Climatological and Geophysical Agency (BMKG) Mataram
+62 370674134 or +62 81311168130 (mobile)

rivaldi@bmgk.go.id and rivalntb@yahoo.com

Jovencia B. Ganub

Bohol Environment Management office, provincial,-Bohol Government
+63(038) 501-9912

atzganub@gmail.com

Ferdie | Billones

Water Resources Assessment Section, National Water Resources Board (NWRB) —
Philippines

+63-2-9202724

fibillones2000@yahoo.com

Md Abdul Mannan

Bangladesh Meteorology Department (BMD),
+881 191177004

mannan@saarc-smrc.org
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Appendix G - Glossary of Terms

ACIAR
APN
AUSAID
BEMO
BMD
BMKG
BPTP
BSMRAU
DFAT
ENSO
EOF
10D

IPO
ITCZ
LEPS
NIA
NPC
NTB
NWRB
MWSS
PAGASA
RDA
SCOPIC
sol

SST
SSTa
UNRAM
WRB

Australian Centre for International Agricultural Research
Asia Pacific Network for Global Change Research

Australian International Aid Agency (now DFAT)

Bohol Environmental Management Office

Bangladesh Meteorology Department

Badan Meteorologi, Klimatologi, Dan Geofisika, Indonesia
Badan Litbang Pertanian, Kementerian Pertanian, Indonesia
Bangabandhu Sheikh Mujibur Rahman Agricultural University
Department of Foreign Affairs and Trade

El Nifio Southern Oscillation

Empirical Orthogonal Functions

Indian Ocean Dipole

Inter-decadal Pacific Oscillation

Inter Tropical Convergence Zone

Linear Error in Probability Space

National Irrigation Administration, Philippines

National Power Corporation, Philippines

Nusa Tenggara Barat, Indonesia

National Water Resources Board, Philippines

Metropolitan Waterworks and Sewerage System, Philippines
Philippines Geophysical and Astronomical Services Administration
Rural Development Academy, Bangladesh

Seasonal Climate Outlooks in Pacific Island Countries
Southern Oscillation Index

Sea Surface Temperature

Sea Surface Temperature anomalies

Universitas Mataram

Water Resources Board NTB, Indonesia
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Appendix H - List of Participants

Indonesia

Name:

Organisation:

Phone:
Email:

Name:

Organisation:

Phone:
Email:

Philippines
Name:

Organisation:

Phone:
Email:

Name:

Organisation:

Adi Ripaldi (Public Climate Data and Information)

Meteorological, Climatological and Geophysical Agency ( BMKG) Mataram.
+62 370674134 or +62 81311168130 (mobile)

rivaldi@bmg.go.id and rivalntb@yahoo.com

Ir. Surana (Senior Water Resources Engineer)
Government Office, NTB, Mataram

+62 370 632172

suranamsc@gmail.com

Jovencia B. Ganub

Bohol Environment Management office, provincial,-Bohol Government
+63(038) 501-9912

atzganub@gmail.com

Ferdie | Billones
Water Resources Assessment Section, National Water Resources Board

(NWRB) —Philippines

Phone:
Email:

Name:

Organisation:

+63-2-9202724
fibillones2000@yahoo.com

Edna L Juanillo
Philippine  Atmospheric, Geophysical and Astronomical Services

Administration (PAGASA)

Phone:
Email:

Bangladesh
Name:

Organisation:

Phone:
Email:

Name:

Organisation:

Phone:
Email:

Name:

Organisation:

Phone:
Email:

Australia
Name:

Organisation:

Phone:
Email:

Name:

Organisation:

Phone:
Email:

+63-939-4593379
ejuanillo@yahoo.com

Prof MD. Giashuddin Miah

Bangabandhu Sheikh Mujibur Rahman Agricultural University
+880-2-9205327

giash1960@gmail.com, giashbd@hotmail.com

M. Abdul Matin

Rural Development Academy
+8817 11875715
mamatin633@yahoo.com

Md Abdul Mannan

Bangladesh Meteorology Department (BMD),
+881 191177004

mannan@saarc-smrc.org

Prof Yahya Abawi

Ariana Consulting Engineers
+61 467001 656
Yahya.abawi@usqg.edu.au

Dr Simon White

University of Southern Queensland
+ 61 455988302
scwhite78@icloud.com
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Appendix | - Introductory Workshop Slides

]

CAPaBLE

Introduction to Empirical
Models Including Relevant
Statistical Concepts

Professor Yahya Abawi

“Building scientific capacity in Seasonal
Climate Forecasting (SCF) for improved risk

management decisions in a changing climate”
Project: CBA2012-01CMY-Abawi

Types of Climate Models

Climate models fall into two broad categories with regard to the degree
to which the models consider physical processes.

Empirical models: Models that do not embody all the salient physical
mechanisms (either not known or not known in sufficient detail to be
used). These models employs a convenient but logical framework in
order to correlate predictor and predicted variables. Use past observed
relationships between slowly varying climate phenomena (such as
ocean temperature patterns, e.g., the El Nifio ) and rainfall,
temperature, stream-flows, crop use. History is our guide.

Dynamical models: Models that specify accurately and explicitly the
relationships between climate components and processes. In a such a
way that the model quantitatively describe the fluxes of energy, mass
and momentum. Physics is our guide.
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How is Climate Prediction Possible?

Positive SOI - La Nifia Gl TP Climate B
(—zg—»j 12000 m | 12000 m '(_ o
= e . ‘ 1 H J@

S N\ o

Imagine you’re a farmer in NE Australia and you want to know;

1) Precisely, how much rain will you receive during the coming season?
Don’t know. . Science still cannot predict the weather over 3 months
with accuracy.

2) Is the season likely to be wetter than average?

Very likely if Climate A — the La Nifa.
Very unlikely if Climate B — the El Nifio

This is a very simple climate forecast

Empirical Forecasts

Use the past as a guide to the future.
For a particular location the seasonal rainfall
distribution curves may look like:

Y Y Y

FREQUENCY
FREQUENCY
FREQUENCY

LOW HIGH LOW HIGH LOW HIGH
RAINFALL RAINFALL RAINFALL

July SOI <-5 -5 < July SOl < +5 July SOI > +5

(El Nino) La Nifa

Usually receive low rainfall during El Nifio events.
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The Rainfall “Chocolate Wheel”

July SOl <-5 -5<July SOl <+5 July SOI > +5

For this location, if July SOl <-5, then there is

a 50% chance of receiving “below normal” rainfall,

a 25% chance of “normal” rainfall, and a 25% chance of “higher
than normal” rainfall

But the wheel must still be spun!

How is Statistical Models Developed ?

SEA TEMPERATURE (SST) - BASED EMPIRICAL SEASONAL PREDICTION

AUSTRALIAN RAINFALL
DATA 1949 - 99 RAINFALL PROBABILITIES

STATISTICAL
PREDICTION

AUSTRALIAN TEMPERATURE
DATA 1949 - 99

CHARACTERISTIC SST PATTERN
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Dynamical — Coupled Model - Seasonal Prediction

COUPLED ATMOSPHERE-OCEAN MODEL FORECASTS OF EL NINO

* Use physical equations to = B e
project the climate forwards i y - R
tlme. ssssssss

* Models do not know about thg=#=. .
past; hence they can predict '
new situations, cope with
climate change etc.

* Forecast are still probabilistic,

however. e —
* Require very expensive super .
computers. b T e

3
Nov0d4_DocOd _Jan0S FeboS Mar05 Ape0S May0S JunS JuloS Augos Sep0s

Common Techniques used in Statistical
Models

Correlation Analysis

Regression Analysis

Principal Component Analysis
Cluster Analysis

Discriminant Analysis

Analogue method (Stratification)
Time Series Analysis (ARIMA)
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Correlation

Correlation is the statistical measure that quantifies the
linear relationship between two variables . The sample
correlation coefficient (r ) between X and Y is :

PRETEI )

i=1

JZ (x, - E)gz v _J_’)n

r=

i-1 i1

Correlation & Cause

Correlation means that two variables have some type of
association with each other, such that as one variable increases,
the other also increases, or decreases. But it does not mean that
one of the variables is the cause of the other.

Example:

It has been argued that there is a high correlation between the
increase in juvenile delinquency and the increase in the divorce
rate in recent years. This may be so. This does not, however,
indicate that the increase in the divorce rate has caused the
increase in juvenile delinquency.

Final Project Report: CBA2012-01CMY-Abawi



Coefficient of Determination r?

The coefficient of determination

gives the proportion of the fluctuation of one variable that is
predictable from the other variable. In other words it is the
ratio of the explained variation to the total variation.

ranges from 0< r?<1, and denotes the strength of the linear
association between x and y.

If r=0.922, then r 2 =0.850, 85% of the total variation in y can
be explained by the linear relationship between x and y.

Regression
Simple Linear Regression and Multiple Linear Regression models

Regression is an extension of correlation analysis that will predict
the value of one variable (the dependent variable) based on the
values of one or more predictor or ‘independent’ variables.

y=a+px+e

where: y is the predicted value of the dependent variable

a is the intercept

B is the slope of the line

X is the value of the independent variable

€ is the error or “noise” reflecting other terms that influence the value of
dependent variable
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Stepwise Linear Regression

Forward Selection: In this procedure, only the best
potential predictors that improves the model the most,
are examined individually and added into the model
equation, starting with the one that explains the highest
variance, etc.

Backward Elimination: The regression model starts with
all potential predictors and at each step of model
construction, the least important predictor is removed
until only the best predictors remain.

A stopping criteria should be selected in both cases.

Two Common Statistical Problems in Regression Analysis

Omitted Variables

The omission from a regression of some variables that affect the

dependent variable may violate the assumption necessary for the
minimum SSE criterion to be unbiased estimator. The noise term
is assumed to have expected value of zero.

Multicollinearity

Increases the SSE and thus reduces the degree of confidence in
the model. The problem arises when two or more independent
variables are closely correlated (e.g. SOl and SST).
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Principal Component Analysis

Factor analysis helps to reduce a vast number of variables to a meaningful,
interpretable, and manageable set of factors. A principle component analyses
transform all the variables into a set of composite variables that are not
correlated to one another..

SST 1 11.6% BST 4 2.4%

Cluster Analysis

The cluster analysis is used to classify objects or individuals into mutually
exclusive and collectively exhaustive groups with high homogeneity within
clusters and low homogeneity between clusters. In other words cluster
analysis helps to idERE er, based on
some specified crif] '
preferences for eaq

CLUSTER ANALYSIS OF SEQUENTIAL 2 - MONTH PERIODS OF SOI
A Com e SO PHASES n

30l last month

20

0
Month 1
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Discriminant Analysis

Discriminant analysis helps to identify the mdependent variables
that discriminate a nominally scaled dependent variable of interest.
Discriminant analysis classifies a set of observations into
predefined classes. We can use it to calculate probabilities for

these classes for a particular condition . : ® {
Two Approaches el i
Class-dependent transformation: SRy y - i{
Maximise ratio between class variance to within class ___.........-
variance. —

Class-independent transformation:

Linear discriminant analysis

Warm

maximise the ratio of overall variance to within class
variance. Each class is considered as a separate class
against all others

Tropical Indian Ocean index

__ Coly  Normal

La Nina Noutrai El Nino
Nino3

Baye’s Theorem

Used for calculating conditional probabilities
for classes defined during discriminant analysis.

e X =predictor (SSTs or SOI)
e Y =predictand (rainfall or temperature)

e Use historical data (e.g. 1950-1999) to devise statistical models
(normal or multi-variate normal) for

— X | Yabove median
— X | Y below median
e Use Bayes’ theorem to invert the conditionality
— Pr(Y below median | X =x) = p,(x) / (p1(x) + p,(x))
— Pr(Y above median | X =x) = p,(x) / (p4(x) + p,(x))

e Use Linear Discriminant Analysis to calculate forecast probabilities at

stations
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Steps in Linear Discriminant Analysis

Consider a tercile rainfall outlook using SSTa1&39 as the predictive system...

1.
2.

EOF9

2.2

1.8
164
1.44
1.24

0.8
064
0.4
0.2

-0.24
0.4
064

-1.24
1.4

SSTal is plotted against SSTa9 (i.e. scatter-plot)

SSTa’s are “trained” based on whether rainfall is below-normal, normal, or
above-normal.

Means of each “trained” tercile group are calculated.

Variance and covariance of each tercile group are calculated in each
direction... i.e. two variances for each group- one for SSTal and one for
SSTa9

The tercile group variances are POOLED (averaged) to calculate the pooled
variances (one for SSTal and one for SSTa9, and the covariance).

The distances from the current conditions to the tercile group means are
calculated (three distances, one for each group).

Bayes’ theorem is then used to calculate the probabilities based on a non-
linear combination of the distances to the means and the pooled variances

1. SSTal is plotted against SSTa9 (i.e. scatter-plot)

Regression analyses
Feb-Apr EOF1 vs EOF9

\

\

. |

EOF1 J
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2. SSTas are “trained” based on whether rainfall is below-

normal, normal, or above-normal.

1 raining analysis for Feb-Jul 2010 Predictands (6mth Totals)
using 3mth avg SSTa's 1 and 9 (Feb-Apr) ( -3mths lead)

Lautoka 2010

Points are “trained" e 1

|

based on recorded L e

-~ ‘ ~r Fhat - @ m
rainfall for that year; ¢ I. JER.

| n & (‘ “
£ 0 *% = . @
m*. ®
Blue squares @' . P
(e ¢ 9

represent Pink diamends

%‘_@,e =Nermal" ;g_jesent
rainfall . “Normal® rainfall

2

3 2 1 0 1 2 3

EOF1

Predictand categories: @ Eclow normal @ Normal M Above normal

3. Means of each “trained” tercile group are calculated.

I raining analysis for Feb-Jul 2010 Predictands (6mth Totals)
using 3mth avg SSTa's 1 and 9 (Feb-Apr) ( -3mths lead)

Lautoka 2010
®
2
| | o -
Y L J
L/
m *e %
@ @

EOF9
| |
n
L 4
.‘ m ®
B
i é”
*
]

-3 -2 -1

0
EOF1

Predictand categories: @ Eelow nal 4p Normal W Above normal

' =
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4. Variance and covariance of each tercile group are
calculated in each direction.

I raining analysis for Feb-Jul 2010 Predictands (6mth Totals)
using 3mth avg SSTa's 1 and 9 (Feb-Apr) ( -3mths lead)

Lautoka 2010

@®

Quterdotted/ellipse

EOFS
.
® m

@revp VerEness are then clevkied
ez thet en this greh - he sEnckre deviEiions
] ere plefitdl, inskeae ef s veraness)

-3 3

EOF1

Predictand categories: @ Eclow normal € Normal Bl Above normal

Re———

5. The tercile group variances are POOLED (averaged) to
calculate the pooled variance

EOF3

I raining analysis for Feb-Jul 2010 Predictands (6mth Totals)
using 3mth avg SSTa's 1 and 9 (Feb-Apr) ( -3mths lead)

2010
Lautoka ® =
] = 3
Innerellipese P
represents - e Y%
1/2/std.dey \ e e
2]
e L 2
o 2 . Quter-ellipse
-] ] =] represents
[ | .. ! / 1 std.deyv,
*% i . g @
., <
. H E *. ®
=) o
o ® o

@
The iehvidvel terelle grelp vereness (End evartness)
m@mmm

3 0 3

EOF1
Predictand categories: @ Below narmal 4 Normal Il Above normal '
S ——
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6. The distances from the current conditions to each
tercile group mean are calculated

I raining analysis for Feb-Jul 2010 Predictands (6mth Totals)
using 3mth avg SSTa's 1 and 9 (Feb-Apr) ( -3mths lead)

Lautoka 2010
2 [ 2
Current Conditions - '
i S . 0%, " O
= [fepresentithe]
Ristance(markens m
1 @ S between@e | |
e e 1 e [current{condition
s = 2 P Sitagw
9 X
= o X m¥
£o *% - ®
2 - . L 3
o ‘- 2
.
=] - 58
1 ] *® @

<
DisEness @0 e means are hen clavkiad

-3 -2 -1 o 1 2 3
EOF1

a e

Predictand categories: @ Ealow normal & Normal M Above normal

7. Probabilities are then calculated using Bayes’ Theorem.

I raining analysis for Feb-Jul 2010 Predictands (6mth Totals)
using 3mth avg SSTa's 1 and 9 (Feb-Apr) ( -3mths lead)

Lautoka 2010
® ®
21
: .
@
R
.‘z).as'v bt
11 sEs g A
5] 7 m x.;'t .
. /A
= . X u X
5o * V.. ‘ 5 /
", ) 3
m*. LW
= [ | | b /
4] €l * o /
Prebebififes elaikis using
Eeyes’ Theeram
24
|
3 2 E 0 1 2 3 ﬂ
EOF1
Predictand categories: @ Selow norma @ Normal M Above normal J
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Example with one predictor (SOI)

Arorae
©eed g4l here &8 MEEnS
\\ 1975
o e = mEm)Ee e BHE)Go @ @ ™

When you only have 1 predictor
all points lie on the horizontal line

. .
36 34 32 -30 28 -26 24 22 20 18 16 14 1210 8 6 -4 -2 0 2 4 6 8 10 12 14 Vegia 2e® |

SOIValues
Predictand categories: @ & Normal Wl Above normal J
e =

Stratified Climatology Techniques

Climatological probability
* 100 years data; in 25 years, > 100 mm received
* Pr(X>100 mm) =0.25
* Pr(X > median) =0.5

Conditional probability

* 40 years with SOl > +4.0; in 20 years > 100 mm
received, in 24 years > median

* Pr(X > 100 mm) = 20/40 = 0.50
* Pr (X > climatological median) = 24/40 = 0.60
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The Analogue Method

Stratified cllmatology technique where the set of years in the
cluster/category varies with the predictor

Need large samples — At least 20 per

category

Southarn Oscllab

|
2l
Y
Eon
2
L

1

M "“'\'\/V

Ne A0 On e Aot

o
003 2004 2008

won Index & 'SO| Phase

i worcw: Gumpassmot of Primay Induntiom, Toomeorton

A Os e A M 0w

se
o8

jil

.
g,

v g Packdck qM e

Natural Floy
. {1 Oct to 31 Jan) for June SOf phase

bt
bients Posios
Faing
g
ety Mo Zoo

Z 500,000
450,000
400,000

Probability of Exceedence (%)

200,000 |
150,000
100,000
QJI‘

1“1 1898 1” 1712 1919 192! 1933 1“0 m7 1954 1961 1968 1976 1982 1989 1996

(o vews i voste W Ry iy — weaan )

‘0 0w 1000 195000 OMWO 000 M0 WOMI RN 4N KA 890,00
Flow (ML)

Nl Yoary el eGP

Time Series Analysis

Time series analysis is used to
define (understand) the structure
(e.g. autocorrelation, trend or
seasonal variation) in the observed

data. Fit a model and proceeds to

forecasting....

Identification phase
Parameter estimation

Model Evaluation

Southern Oscillation Index (SOI)
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Time Series Analysis

Identifying patterns in time series

Most time series data consists of systematic pattern
and random noise. One approach to modelling time
series is to decompose the time series into trend,
seasonal and residual component

Assumptions

Stationarity

Mean, variance, and autocorrelation should be
approximately constant through time.

Non-Seasonality
Periodic fluctuation in time series data. If present
must be incorporated in to time series model

Box plot of Southern Oscillation Index

Time Series Analysis

T

Differencing. Create a new series by
lagging the original time series by one or Month
more time period.

SOl

Trend Analy.sw.. If déta cor.\taln a trend, 410 2Rl |n§equ_em
remove by fitting a linear line through the Yo 9E-05x40.0663x+ 314 26

data and then model the residuals from S

that fit v

Non Constant Variance. Transform the
data using a log or square root
tranformation

Seasonality. A run sequence plot, Box Plot
or Autocorrelation Plot can help identify
seasonality
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Box plot of Southern Oscillation Index

Time Series Analysis

Detrended CO, concentration Month
6
g Run Sequence Plot of monthly CO,
o g 1% 05x2 + 0.0663x + 314.26
(%]
=8 390 Rz=10.9908
E 5 370,
§ z 3]0
3 5y
4 310
280 Qs et et
_6 T T T T T T T T e e OO

Autocorrelation Plot

Autocorrelation plots at varying time lags are used to check for randomness in
a data set. If random, the AC should be near zero for all time lags. If non-
random , then one or more of the AC will be significantly non-zero.

ACF and PACF plots: After a time series has been stationarized by differencing,
the next step in fitting an ARIMA model is to determine whether AR or MA
terms are needed to correct any autocorrelation that remains in the

differenced series
Autocorrelation Plot

.

o
n

CO2 Concentrations for Mauna Loa Obsevatory

—— 95% Confidence Band
99% Confidence Band . n

Autocarrelation
o

]
t

s M
1] 50 100 150 200 250 s
i £ | | l
FLICKER DAT 5 9 T T L T 1
pese— ; g
Autocorrelation coef ficient R, = /C 3 S
0 05 —_—
= s T
Autocovariance Function C, = VZ =) Yur—Y) al I "
{ — ¥ Y ¥ ¥ Y

N =1
1Y =
Variance Function Cy = VZ(K —-Y)*
i
i=1
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ARIMA- Autoregressive Integrated Moving Average

Autoregressive process. Most time series have serially dependent elements.
We can estimate a coefficient or a set of coefficients that describe consecutive
elements of the series from specific, time-lagged (previous) elements

Moving average process. Independent from the autoregressive process,

each element in the series can also be affected by the past error that cannot
be accounted for by the autoregressive component, that is:

R

Model Identification

(Based on the Shape of the Autocorrelation Function)

SHAPE INDICATED MODEL
Autoregressive model. Use the partial
autocorrelation plot to identify the order of
the autoregressive model

Autoregressive model. Use the partial
autocorrelation plot to help identify the

order

Exponential, decaying to zero

\Alternating positive and
negative, decaying to zero

One or more spikes, rest are
essentially zero

Moving average model, order identified by
where plot becomes zero

Decay, starting after a few
lags

Mixed autoregressive and moving average
model

\All zero or close to zero

Data is essentially random

High values at fixed intervals

Include seasonal autoregressive term

No decay to zero

Series is not stationary

m Final Project Report: CBA2012-01CMY-Abawi




CBA2012-01CMY-Abawi FINAL REPORT

Constraints and Limitations of statistical forecasts

Statistical forecast schemes typically assume a “stationary” climate

* interannual variability of training period captures the expected
range of outcomes

* can be invalidated by climate change

* most seasonal predictability comes from the tropics (e.g.,
ENSO)

* predictability is modest and generally explains less than half
the variance

* Predictability is greater over longer periods (e.g. 3 months versus 1
month, 2 months), but longer periods less useful

* Predictability drops off rapidly with increased lead time
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CAPaBLE

Basics of forecast verification

Professor Yahya Abawi

“Building scientific capacity in Seasonal
Climate Forecasting (SCF) for improved risk

management decisions in a changing climate
Project: CBA2012-01CMY-Abawi

”

What is forecast verification?

If we take the term forecast to mean a prediction of the future state (of a
variable) then the forecast verification is the process of assessing the quality
of a forecast.

The forecast is compared, or verified, against a corresponding observation of
what actually occurred. The verification can be qualitative or quantitative.
In either case it gives information about the nature of the forecast errors.

Why verify?

A forecast is like an experiment. We make a hypothesis that a certain
outcome will occur. The experiment is not compete until we know the
outcome. In the same way a forecast experiment is not complete until we
know if the forecast was successful.
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What makes a forecast “good”?

Murphy 1993 suggests three types of “goodness”.

Consistency. The degree to which the forecast corresponds to the
forecasters best judgment about the situation.

Quality. The degree to which the forecast corresponds to what actually
happened.

Value. The degree to which the forecast helps a decision maker to realise
some benefit from the forecast

Forecast Quality

Key attributes that contribute to forecast quality inlude;

Bias. The correspondence between the mean forecast and mean observation
Accuracy. The level of agreement between the forecast and the observation
Skill. The relative accuracy of the forecast over some reference forecast

Reliability. The average agreement between the forecast values and the observed
values

Resolution. The ability of the forecast to resolve the set of events into subsets with
different frequency distributions

Sharpness. The tendency of forecast to predict extreme values. A forecast of
climatology has no sharpness

Discrimination. Ability of the forecast to discriminate amongst observations. Having a
higher prediction frequency of an outcome whenever that outcome occurs

Uncertainty. The variability of the observation. The greater the uncertainty, the
more difficult to forecast.
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Standard Verification Methods

Methods for Dichotomous Forecasts
Methods for Multi-Category Forecasts
Methods for Continuous Variables
Methods for Probabilistic Forecasts

Types of Forecasts and Verifications

Nature of Forecast
Deterministic

Probabilistic
Qualitative

Space-time Domain
Time series

Spatial Distribution
Pooled Space and Time
Specificity of Forecasts
Dichotomous
Multi-category

Continuous
Event Based

Examples

Quantitative
precipitation forecast
Probability of
precipitation, Ensemble
Forecast

3 day outlook

Daily maximum
temperature

Map of geopotential
height

Monthly average global
temperature anomaly

Occurrence of fog

Cold, normal or warm
condition

Temperature

Tropical cyclone motion
and intensity

Verification Methods

Visual, Dichotomous, Multi-Category, Continuous,
Spatial

Visual, Probabilistic, Ensemble

Visual, Dichotomous, Multi-Category

Visual, Dichotomous, Multi-Category, Continuous,
Probabilistic

Visual, Dichotomous, Multi-Category, Continuous,
Spatial, Probabilistic

Dichotomous, Multi-Category, Continuous,
Probabilistic, Ensemble

Visual, Dichotomous, Probabilistic, ensemble, Spatial

Visual, Multi-Category, Probabilistic, ensemble,
Spatial

Visual, Ensemble, Probabilistic, Continuous, Spatial
Visual, Dichotomous, Multi-Category, Continuous,
Spatial
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Methods for Dichotomous Forecasts

Contingency Table

Observed
Tornado No Tornado Total
-
7]
(0]
@
= 28 72
IE Tornado (hits) (false alarms) e
23 2680
No Tornado B S 2703
{misses) (correct negatives)
51 2752
Total = NS SRR 2803
(observed yes) (observed no)

Finley 1884 Tornado Forecast

Contingency Table

Observed

Tornado No Tornado

Total

Forecast

Tornado ?9: ; . :2?

100

No Tormado i o g

2703

:
Total S W

What fraction of the forecast was correct (accuracy)?

hits + correct nagatives 28 + 2680
Accuracy = = = 0.966
total 2803

What fraction of the tornados (observed yes) were correctly
forecast?

hits 28
hits + misses 28+ 23

Hit rate (POD) = 0.55

2803
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Contingency Table

Observed

Tornado No Tornado Total

Forecast

Heidke Skill Score Ee - 100
(Cohen’s k) HoTormado L

What was the accuracy of forecast relative to random
chance?

HS S - R B Erandom
T-E

random

R = Total number of correct forecasts
T = Total number of forecasts
Erandom = Expected number of correct forecasts due purely to random chance

HSS (Finley’s tornado) = 0.36 i.e. there was a 36% improvement in forecast
accuracy compared to random chance

Heidke Skill Score

- JM+KN +LO
(A + Ay + 433 )-

HSS = I
. JMFENTLO

T

Forecast Category

Above- Near-Normal Below -Normal Total
Normal

Above-
Normal

Near-
Normal

Below-
Normal
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Contingency Table

Observed

Tornado No Tornado Total
%
o
g

= 28 72

g Tornado (e sk 00

No Tornado 423. zob ...zéa.o.;.‘ es 2703

Total — IS 2=

What if we always forecast no tornados? what would be the
accuracy?

What will be the problem with forecast?

Contingency Table
Observed

Tornado No Tornado Total
%
o
@

E Tornado 28 it ..7.2A A i

NoTomado i s g s

Total = ine] 203

What if we always forecast no tornados? what would be the
accuracy? {Answer = 0.982}

What will be the problem with this forecast? {Answer =
Probability of detecting a tornado (hit rate) will become zero)
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Contingency Table

Observed

Tomado

Mo Tomedo

Total

Forecast

Tomado

Total

What is the forecast bias? Ratio of forecast yes to
observed yes.

hits + false alarms 28 + 72
hits + misses 28 +23

Bias = 1.96

Bias > 1 tendency to over-forecast;

Bias < 1 tendency to under forecast.

(0 ~ oo; Perfect score is 1).

Tornados were forecast almost twice as often as
they occurred

Contingency Teble

s

Observed

Tormado

Mo Tomedo

Total

Forecast

Tomado

Mo Tornado

What fraction of the predicted events did not
actually occur?

false alarms 72

FAR = = =
hits + false alarms 28+ 72

0.72

72% of the forecast tornados turned out to be false
alarms?
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Methods for Multi-Category Forecasts

Multi-category Contingency Table

Observed Category Total
o > [i 1 2 Jus K
© & n(F;,0;) n(F,0;) |..... n(F;,0) N(F;)
3 Q 2 n(F,,0,) n(F,05)  |..... n(F,,0¢) N(F,)
S
° m ...............................
w O g n(F,0;) [n(F,0,) |.... n(F,Of) [ N(F)

Total N(O,) N(O,) .. N(O,) N

Histograms

How well did the distribution of
forecast category correspond to
the distribution of observed
category?

Observed

m Forecast

25 20 15 10 5 0 5 10 15 20 25
Temperature Change (°C)

o

Frequency (%)
— N
=]

-
(S ]

o

Methods for Multi-Category Forecasts

What fraction of the forecasts were in the correct category (Range 0 to 1). Can be
misleading as can be influenced by the most common category. Heidke Skill Score

K
1
Accuracy = -IVZ n(F;,0;)

i=1

What was the accuracy of the forecast in predicting the correct category, relative to
random chance (Range - to 1 ; 0 no skill). Heidke Skill Score

T n(F, 0) — 2 55, N(FIN(O)
HSS = 1
1 -5z 2 N(FIN(O)
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Methods for forecasts of continuous variables

1
WZ:‘V=1 Fi

Bias = 1
-N_'Z:'v=1 0;

-, NN W
oo

= =T ]

/

How does the average forecast magnitude compare to 2

average observed magnitude = 0.994

Forecast
Temperature (oC)

0 10 20 £
Observed Temperature (oC)

N
1
Mean Error = EZ(F,» —-0;)

i=1 observed Temp (oC)  Forecast Temp (oC)

What is the average forecast error=0.08 °C ; i; i:

Possible to get perfect score for a bad forecast due to 3 15 14

compensating errors 4 10

5 9 7

6 20 18

1 i 7 10 12

MAE = = ) |(Fi— 0y)] 8 o 33
N i=1 S 24 22

10 19 21

Mean Absolute Error = 1.91 °C 11 18 17
Does not indicate the direction of the deviation 12 10 12

Methods for forecasts of continuous variables

30
Q25
RMSE = % 20 /
§ g 15
fz 3
5 0
What is the average magnitude of forecast error=2.06°C = ~ 10 20 20
Observed Temperature (oC)
N observed Temp (oC) Forecast Temp (oC)
MSE—lz(F-—O-)z 1 27 25
TNLYY T 2 18 19
=1 3 15 14
4 10
Mean Square Error=4.25 °C2 5 9 7
6 20 18
7 10 12
8 15 13
9 24 22
10 19 21
11 18 17
12 10 12
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Linear Error in Probability Space (LEPS)

eMeasures the Error in probability space as
opposed to measurement space.

eDoes not discourage forecasting extreme
values if they are warranted.

* Measures the accuracy of one set of
forecasts compared to climatology

Linear Error in Probability Space (LEPS)

CDEF)- 59018 |y

1F T T T T T T v
3 |

08}

LEPS1 = 99013- 95221,
=04797

LEP32 = 63043- 36957
=26086 O 6

O ]
Cumulative 04 ]

Probability 53k °

O
| paAlasqO
| 1Se29.104
1 1

T
1

Z 1seo2104

| 2 paAIasq

0 b=
8 =6 4 <2 0 2 4 6 8

Temperature
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Penalty weighting...
“Non-LEPS” tercile category weights

| on: Above Normal Below
Above 1.0 0 -1.0
Normal 0 1.0 0
Below -1.0 0 1.0

Penalty weighting...
“LEPS” tercile category weights

bservation: Above Normal Below
Above 0.89 -0.11 -0.78
Normal -0.11 0.22 -0.11
Below -0.78 -0.11 0.89

Weights are optimally defined so that forecasts of
climatology AND perpetual forecast of one category AND
random guessing have an expected score of zero.
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How are LEPS numbers calculated

(Example for a Tercile Forecast)

Forecasts

Observed Tercileq

S (Doss

Tercile
0167

Tercile 3

TercileT™ /0.89
CaNd

011 \

-0.78

) 0 u33
TerCtIe\ZZ -0.11

Tercile’ -0.78

0.22

o1

-0.11

0.89

LEPS-are calculated at
corners and then
averaged

PP,

Example Calculation for Terciles

Emerald Rainfall from December to February (1883-2000)

o
SR PSSR IIFIIPIIFESFSEFSCF

Ratnea (me)

If observed years fails in:

Terciie 3 px089 + p,x-0.11

Tercile 2 (" pyy-0.11 O

/

Tercile 1 pyx-0.7 8

Above Normal below
Above 0.89 -0.11 -0.78
Normal -0.11 0.22 -0.11 )]
Below -0.78 -0.11 0.89
* p3x0.78 = LEPS Score
p33-0.11) = LEPS Score
k)z x-0.11 +/p;x089 = LEPS Score

F\ecasL probabilitie
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Percentage LEPS score

To Convert to a percentage —
divide by worst case OR best case scenario

i.e. if LEPS score was +ve, divide by the highest category weight.
if LEPS score was —ve, divide by the lowest category weight.

if LEPS score was 0.18 (good forecasting), and observed was in
tercile 2, then

LEPS % = 0.18 100 % = 81.8%

Highest weighing from table in tercile 2

Forecast performance Via LEPS Score

Often expressed as percentage LEPS

-100% 0 100%
As good as
W_orse than Clirrg\’atology Bgtter than
Climatology Climatology

.
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Methods for forecasts of continuous variables

Reliability Diagram

Brier Skill Score (BSS)

Receiving Operating Curves (ROC)
Ranked Probability Skill Score (RPSS)

Reliability Diagram (Attribute Diagram)

How well do the predicted frequency of an event correspond to their
observed frequency?

The reliability diagram plots the observed frequency against the
forecast probability, where the range of forecast probabilities
are divided into bins (0-5%;5-15%,15-25%,......). The reliability
diagram is conditioned on the forecast (given x was predicted
what was the outcome?). Retian1154 and ey s - 3

No resolution (Climatology)
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Reliability Diagram
Australian Rainfall (above median)

Reliability and frequency data - Aust. Rainfall (Above Median) - JJA 2008 to MAM 2083

1 T T T T
©
*
0.8 | % 4
¢ .
+
W -
[ 0o 257
- °
*
g 8.6 . .
3
r @
¢ "
- > B
o
k] G
@ ®
2 @
gl . (3 J
4 @
2 A »
. ‘e
s %o .
.
e
8.2 . m
+
] L h 1
-] 8.2 8.4 8.6 8.8 1

forecast probabilities

SON SKkill lead 1- above median rainfall

poamal.5bat LTI

POAMA2MME at LT1

- =
5 15 25 B 4 @ e 75 85 05
IES at LTI

ECMWF

POAMA2 MME + IFS + HadGEM2 at LT1

POAMA-2 _Bay ' : |
+EC+UKMO  -{ e

| -+
o W'
v -
® AL e s e ks T ae ee
The Centre for Australian Weather and Climats Research
< A partnership between CSIRO and the Buraau of Metearology
Produced by Eun-Pa Lim

#7333 1
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Ranked Probability Skill Score

What is the relative improvement of the probability forecast over
climatology in predicting the category that the observation fell into?

RPS = ﬁ (Z Pi) — (Z 0i)]?

M is the number of forecast categories,
px predicted probability in category k
ok {0,1} for observation in category k

ﬁf%ﬂmwﬁ*& e

CPRS is for continuous distribution ‘ ]

CRPS = f_ T (B0 — (B, () 2x

Rpss Shll Score
s

..........................

s S DDC e S S S S S PP S S S S PSS E S S S
R pss RP RP ? Ef 1 RPS &“ﬁéi‘ﬁ:‘"{‘“i :‘.‘:"‘1:'&:‘""‘1:@@ ‘? ‘E'f ‘f P “:&t : t‘ ‘:’ i f ¢
0—- RPS RPS
ref ref

Range -==to 1; o no skill

Brier Skill Score

Measure the magnitude of Probability Forecast Error.
Sensitive to climatological frequency of the event. Can get
good Score with out having a real skill

A'V
1
BS = }'V‘Z(pt .

What is the relative skill of probabilistic forecast over that of
Climatology in predicting whether or not an event occurred

BS—BS,; . BS

BSS= ——— 1 -1
0 — BS,o S s

Range - to 1; o no skill
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Receiver (relative) Operating
Characteristic (ROC)

What is the ability of forecast to discriminate between events and
non-events. i.e. measuring resolution

' Some are healthy,
some have glaucoma

| HeAuTHy GLAUCOMA |
| A\ Fi |

ALL ARE | ALLHAVE

GLALICOMA

Number Having Each Score

Plots Hit Rate (POD) vs False Alarm Rate (POFD) using a
set of increasing probability thresholds (e.g. 0.05,
0.15,0.25...) to make the yes/no decision. The area
under the ROC curve is used as a score

(Glaucoma Example from Scientific American, October 2000)

Receiver (relative) Operating Characteristic (ROC)

What is the ability of forecast to discriminate between events and
non-events. i.e. measuring resolution

Some are healthy,

5 some have glaucoma

¢ ‘

v

(73] 1 '

S | HEALTHY GLAUCOMA |

8 | |

g ' |

= | I

= | ALL HAVE

2 [HEALTHY GLAUCOMA

- 1 T T i Tl

0 10 20 30 40 50

Eye pressure reading

(Glaucoma Example from Scientific American, October 2000)
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Receiver (relative) Operating Characteristic (ROC)

THRESHOLD = 20
I

A Glaucoma Group 1

FALSE NEGATIVES (SIS)

(MISSES)

1 Healthy Group

Number Having Each Score

FALSE POSITIVES
(FALSE ALARMS)

TRUE
NEGATIVES

(4] 10 20 30 40 50
Eye pressure reading

(Glaucoma Example from Scientific American, October 2000)

1.0
0.9 LENIENT THRESHOLD
(PRESSURE = 20)
0.8 3 |
1 TRUE
0.7

STRICT THRESHOLD

i . FALSE
POSITIVES
(PRESSURE = 30)

1 TRUE
i ‘posmvss

; : j FALSE
0.1 - POSITIVES

] L] L ] L] 1 1] 1
0O 0.1 02 03 04 05 06 0.7 08 09 1.0
False Positive Probability

True Positive Probabili
o
0

(Glaucoma Example from Scientific American, October 2000)
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Receiver (relative) Operating
Characteristic (ROC)

Score Ratlng : Comparing ROC Curves
.90-1.0 excellent (A) N =
.80-.90 good (B) g 07

. 06 4
.70 - .80 fair (C) § 02
.60 = .70 pOOF (D) §U3 b —'Worthless
= 02 —Good
.50 = .60 fall (F) 0.1 4 Excellent
0 e e S B
T e

Validity of verification results

More trustworthy when the quantity and quality of verification
results are high

Include error bounds especially when sample size is small and
variability is high
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AN

CAPaBLE

Climate Adaptation in the
Pacific Islands: Experiences
from PICPP project

Yahya Abawi

“Building scientific capacity in Seasonal
Climate Forecasting (SCF) for improved risk

management decisions in a changing climate”
Project: CBA2012-01CMY-Abawi

Queensland the Smart State
The specific alms of the project are to:
* develop decisioh support sysfems and fools for
optimising chofce of cropMerbp-area and irrizarion . » » .
water aflocation / a nal (-IIma F r ,_a 3 ln
* use simulation modelling and'scenario analysis fo = J J’ l
illustrate the benefits of SCF in irrigation‘water. - nd qm - —
allocation and croeping decisions , ) M A .
+ bromole SCF based panig amadst (riatofs for Beﬂ'e (rrl 23“0" System
government officials and community leaders AN

* build'focal capacity in the development and

il 4 g Manaegmgmjmjﬂqmﬁglg

Using seasonal climate forecasts (SCF) 2o
impreve the management of waler resources
and irrigation systems in Lombok for more

Secure crop production.

Creps such as rice, vegetables, lequmes, corn, chillies and tobacco are grown
in the Southern regons of Lombok. Yowever, crop productivity is often erratic

18 | due to high climide variability associated with the € Niro Soiudhern Oscillation
6 JOInt project between"’ (ENSO)  phenomencn. Tactical adjustrent of crops and water dflocation
.QueenSIand Governiment d.Sllg ENSO-based seasona (‘/MR‘: forecasts (SCF) can help to improve
.UnlwerS"y of Mata_ram - yields in fawvourable seasons and reduce the risk of crop loss in dry years.
# BadanMeteorologi & Geofisika |
#Balai Pengkajian Teknologi Pertanian
‘i‘...-s Australian Government Queensland Government

Australian Centre for
Climate Ch; of Excellence
International Agricultural Research See Contre of Excy

# Difas Pertanian “
» Kimpraswil, NTB /
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Vrpees tpwd
Grbores T 11
[
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SWANG
2601ha)
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MUSUR
(4051 1) .

TIEUNANGKA =3
(z23e)

KULEM
(2042na}

.
ll.!§ Australiun Government
~ A ~

Awstralian Centre for
International Agricultural Rescarch

Southern Lombok Irrigation System

TRGM A o

i (

oy il 9;:{22‘5’:.:7., Data (Systems) Modelling
l;nna\:eratu?e ; "::m'peraa):ure : - Lom bok

(51 to 55 yrs) (6 to 41 yrs)

; Station
Microsoft Excel GIlS

Nearest-neighbour gap-filling ) Data

106

Gap-filled observed Limited gap-filled Limited observed Limited observed Limited observed
monthly rainfall, observed daily daily catchment daily rainfall and daily irrigation
max & min rainfall, max & min TSR S (18 evaporation for crop diversion data (for
temperature temperature inflow calibration) Waler Balance diversion calibration)
(4 to 10 yrs) (4 yrs)

(51 to 55 yrs) (6 to 41 yrs) (5 yrs)

Simulated daily
IHACRES Cropping/ streamflows
Weatherman [l e Catchment e lQQm and irrigation
Package Area rainfall/runoff > Hassaioaion | diversion data

data
Ot d
model e (51 yrs)

3 realisations

Disaggregated

daily rainfall, Simulated daily Limited observed
max & min catchment daily streamflow
temperature (river) inflows data (for streamflow
(51 to 55 yrs) (5110 55 yrs) calibration)
(4 yrs)

3 realisations 3 realisations
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Lombok “Systems Approach”

Data patching
disaggregation

{Weatherman
package)
Objectivel,2
Disaggregated
daily rainfall and

temperature
time-series

Streamfiow
generation
(IHACRES

Hydrology Model)
Objectives 1.2

100.0

Limited daily euslirsd dastal Development of Climate Analysis
and long-term tamperature seasonal climate temporal and spatiall
mperature
rainfait streamfiow, diversion forecasting software skill assessment

and terperature
time-series

Iriver inflow
time-series

Collection of

(FlowCast) ENSO stratification
Objective 2.4 Prodictor Objective 1.1

time-saries data
Objective 1.2

All measured

Stratified ENSO
time-sedes data

time-series

Measured
monthly rainfall
and simulated

Development of software
for optimising selection
of crop choice and area
(CropOptimiser)
Objectives 23 & 1.3

Database devieopment
Objective 1.2

streamflow
time-series

Limited

Simulated daily
on- Crop and soi

N mi 3 parameters
diversion  catchment/river Objectives 3.1 & 3.2
time-geres

Water allocation
modeliing
(1QQM)
Objective 2.1

Crop and LP modal
development
(Microsoft Excel)
Objective 2.2

Crop and soil
parameters

emination of

Water-balance modelling
(HowLeaky)
Objectives 5.2 10 5.5

Groundwater study
Objective 5.1

Objectives 4.1 & 4.2

Ampenan

Monsoon Onset

90.0

80.0

All 51 Years —

70.0

@ Neutral 25 Years |

60.0

- === | a Nina 13 Years

50.0

% wmmsf| Nino 13 Years

f'
J/
v
A

Probability of Exceedence (%)

0.0

14 7 1114172023 26303336 39 42 454952 5558 6164 68 71 74 77 80 83 87 90 93 96

Days delay in onset of monsoon
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Ampenan

Monsoon Duration

1080 5 I T
90.0 +—— weeAll 51 Years —
=X 80.0 emNeutral 25 Years |
5 0\
c 700 —
-8 \ === 3 Nina 13 Years
§ 60.0 \ |
-1
w \ \' s | Nino 13 Years
s 500 L o
2 fa? "\
§ 40.0 = %
a ‘\
‘.L‘E 30.0 \
20.0
10.0 A\ ‘__§\ \ \
0.0 % A A |
NN OITDITOVOOTMNANNODNDTOWNO O — O NNMPD®
TN NONOTOUODOOMMNMODOOOOOO T AN ANOMOMOMTTUHLWM OO~

Days delay in onset of monsoon

Distributions for Oct Predictands (1mth Totals)
Using ENSO Phases in Sep at 0 mths Lead-time

7 Sesaot Monsoon Onset (51years) 5 Ampenan Monsoon Onset (52 years) £ Gerung Monsoon Onset (53 years) @unung Sari Monsoon Onset (55 years)
T S— 2 100 — 107 — 100
&0 ) & > \ 804
~ Phase n . Phase n N\ Phase n . Phase n
&0 ElNino 14 & = El Nino 14 &0 ANy ElNino 15 501 N N\ Efino 16
5 40 ‘\\ La Nina 14 S 4 . LaNina 14 : 40 . LaNina 14 2 40 La Nina 14
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Pacific Islands — Climate Prediction Project
Hydropower management —-Samoa Case Study

Rainwater management — Tuvalu Case Study
Hydropower — Samoa

Groundwater — Kiribati, Tonga

Surface Water — Cook Islands, Fiji, Vanuatu
Agriculture — PNG, Tonga, Fiji

Malaria study — Solomon Islands

*

Australian Government

£ AusAID
Bureau of Meteorology

Aims
— Determine the utility of SCF in
the management of hydro-

power generation for the Afulilo
Dam.

— identify management strategies
to maximise the use of
hydropower generation relative
to thermal production.

Key points
Energy demand increasing 4-5% p.a.
In 1992, Hydropower supplied 80% of demand

Currently 50% of energy demand is sourced from
thermal (diesel)
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Options to increase usable storage

Current useable storage
Reduce dead storage level

Increase spillway height
Increase FSL & reduce DSL

LS ‘
7 FSL 317.5 (spillway crest)

DSL 310 (Tilapia limit)

306.5 Bottom of storage

NB: The 2001 proposed Afulilo power augmentation was to increase the crest by 1.7m and therefore volume by an
addition 5,000ML

Time Serles (Monthly Foemat)

s Apia_Rainfall El Nino based droughts

0
[
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Failure rate (% days demand not met)

Average number of failures per year

Failure rate of Afulilo Dam

(based on alternative power demands & changes in runoff rate)
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Pacific Islands — Climate Prediction Project
Prediction of Vector-born diseases (Malaria)

Aims

« Determine whether malaria epidemics in
the Solomon Islands are related to the
ENSO, rainfall and other hydro-climatic
variables; and

« Determine if such relationship can be
used as an early warning system for
predicting heightened risk of a malarial
epidemic and therefore in assisting
targeted control strategies.

Malaria Snapshot

+ 100 countries, 40% of world
population live in areas where
malaria transmission occurs

« 300 - 500 million cases each year
world wide

* 750,000 — 2 million deaths each
year

* Plasmodium falciparum accounts
for 60-70% of all cases in SI.
Transmitted by Anopheles
Mosquitoes
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Average PIR (FMAM) is high in the El Nifio years when November rainfall
is less than long term median rainfall

Average PIR(FMAM) related to November rainfall at Solomon
Islands (triangle is El Nifio, and diamond is La Nifia and filled circle
is Non-ENSO year)
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Mosquito life cycle is affected by temperature

Table I: The effect of mean temperature on the duration of mosquito’s life cycle and sporogonic cycle and its effect on the amount of
lead time from the availability of breeding sites to the occurrence of malaria cases.

Weather factors Stages and duration of mosquito’s life cycle and sporogony cycle affected by weather factors
Mean temperature (Rainfall ty of g sites Malaria
temperature)
Mosquito’s life cycle® Sporogonyf Incubation period in human
host
Larva —--— Adult(days) Adult first bite -—-— Infectious
bite (days)

16°C 7 i (10-16 days)

17°C 37 56

18°C 31 28

20°C 23 9

2°C 18 79

30°C 10 58

35°C 79 48

39°C 67 48

40°C 65 48
Rueda LM, Patel K). Axtell RC, Stnner RE: Tompontu nd- le Sueur D BLS: Temperature dependent variation in Anophe
ent development and survival rates of Culex quinquefascia- les Merus larval head capsule width and adult wing length:
tus and Aedes aegypti (Diptera. Culiddn) ) Med Entomal 1990, Med Vet Entomol
27:892-898. 1991:55-62.

MacDonald G: The epidemiology and control of malaria. Lon-
don: Oxford University Press; 1957.

PIR (FMAM) distribution of malaria as a function of maximum temperature in January in

Detinova TS: Age-grouping methods in Diptera of medical
to some vectors of

importance, with special reference
malaria. Monogr Ser World Health Organ 1962, 47:13-191.

Solomon Islands (Triangle indicates El Nifio, Diamond is La Nifia and the rest are Non-ENSO

years)
LogPIR (FMAM) distribution against Jan MaxT in Solomon Islands
18
16 ‘A i
° A
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ealan A °
26 {0‘ L ™y
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%] n
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Non-climatic and climate related inter-annual variability in log annual confirmed malarial incidence
for Solomon Islands for 1975-2006

Model | Multipler | r* | Adjustedr | Standard
Error
1 061 | 037 0.35 0.26
2 066 | 0.44 0.40 0.24
3 088 | 0.78 0.74 0.16

Model 1: JFM average monthly rainfall
Model 2: Model 1 and JFM temperature
Model 3: Model 2 and Policy Intervention

Rainfall, Maximum and Minimum Temperature (Honiara)
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Continued support is essential for successful adoption

FLOCAL NEWS

Local activist urges NZ,
“I_\__ust to reduce emissions

imate forecasting can help
ict malaria outbreaks

Use of Climate Forecasting

for Rainwater Management -Tuvalu

B i
water BOY_
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) Australia helps as Tuvalu runs dry - Mozilla Firefox

ssuesiaustralia-holps-as-tuvalu-runs-dry-201 1 1006- LRz, heml Sendlail 2 5 Pl -

aconomiceslimatechange.com [ e

Weather Climate Change Whale Watch Animals Conservation [USCIIESIERE Energy Smart  Earth Hour

Kir sty Needham

Join the conversation October 7, 2011

4 poopic are resding this naw

RALIA has responded to an SOS from the tiny Pacific

aETwge) 1 nation of Tuvalu, which is days away from running out of water,

Top Environment The federal government has sent officials and 1000 rehydration
articles packs to Tuvalu's hospital to treat sickness caused by lack of —
1. Turnbull cats for leadership on  YWALET fOr sanitation as other governments and the Red Cross e X
cimato send thousands of litres of water IErndiout LLI-L‘J.EH
2. Decades ister, there's
movament once more in the Speaking from the capital, Funafuti, Tuvalu's disaster
Snowy River H ;i ” "
B i A S co-ordinator, Sumeo Silu, tn.ld the Herald "We have less than AT Lt AR El o Pt
‘essantial for NSW four or five days Ve are rationing water well below the United e
4, Ancther dust storm on the Nations refugee rate [20 litres per person] with just 40 litres per L,
cardsz, but wih a sitver lining household. An average household here has 10 to 12 people "
5. Hot o be the new normal as 22,936 people like Earth Hour Australia.
species struggie Schools have closed and the government has declared a state of ST
+ More Environment articles emergency Australian aid arrived on a New Zealand Hercules LLe
Envi t Topi aircraft on Wednesday, delivering water, money for fuel for a P
AANATOUINGAL 1 THICE, water supply truck and desalination plants 1 ’
Climate (3716)
All Climate (3716) The federal government is considering sending an Australian . |
Climate Changs (1344) defence aircraft to help. b“-‘\ .
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Edit Window Tools Drought Help

& *I { Organise ! EXplore ‘ Analyse { Jest ‘ Generate

® V¥ 6mth Percentile Droug Data Data Relationships Skill Report

S f 36mth Decile Drought

9 4 SOl Values l @ :

D B ENSO Phases Mean rainfall 294 mm

7 *I Median rainfall 287 mm - - -

Y] @ Funafuti rainfall (mm ox 29.9% - y =

O @ Nanumea rainfall (mm)

O @ Niulakita rainfall (mm) 1 : :

@ Nuirainfall (mm) Number of Droughts 22 2 12 8
Drought Lengths 2 to 30 mths 6 to 7 mths 2 to 30 mths 3to 19 mths
Average Drought Lengths 9.5 mths 6.5 mths 10.6 mths 8.5 mths
Between-drought lengths 1 to 85 mths
Average between-drought length 31.8 mths
Number of Warnings 63 15 26
False Alarm Count 4 13 18
Correct Warning Count 22 2 8
Warning Success Rate 34.9% 13.3% 54.5% 30.8%
Warning Lengths (to drought) 0to 10 mths 1 to 2 mths 1to 7 mths 0to 10 mths
Avg Warning Lengths 3.3 mths 1.5 mths 3.8 mths 3 mths

Storage output and
statistics

?‘né’iﬁW
= # Decision Support Software

Storage (L)
Percent Time Full : 46.17%
Percent Time Empty: 0.08%
Annual Consumption: 104kl

031051954 11/06/1968 1810211982 28101895 06/07200¢

Final Project Report: CBA2012-01CMY-Abawi 119



120

SCOPIC Drought Analysis...

peewithiDrought Analyses . '

ic

Funafuti Storage=9000L Roof=53m2 Consumption=200LperDay

954 °
90
85
80r
754
704
654
604
554
50
454
40 l 3

35+ G

® 49 ® o
G
®
15 ﬁ
10 i
B e B @ G
1946 1949 1952 1954 1957 1960 1962 1965 1968 1971 1973 1976 1979 1982 1984 1987 1990 1993 1995 1998 2001 2004 2006 2009
| [ e— R s | () denotes ranking

Neutral

Assessing the potential of seasonal climate forecasting to
better manage groundwater resources in Kiribati (and
Tonga)

Collect, collate and digitise historical

groundwater test data.

Develop software to transform historical ;
groundwater EC measurements into time-series i
of freshwater lens volume. | o
Assess the forecasting potential of seasonal

rainfall and seasonal average freshwater lens

volume.

Develop guidelines for freshwater lens

management based on different ENSO

conditions using SCOPIC.

=" AusAID
Bureau of Meteorology
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Cross-validated Tercile LEPS Scores
3mth avg SST Indices 1and 9

Bonriki (27-28 Years)

143% 99% 4%  15% 2%  39%
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Cross-validated Tercile LEPS Scores

3mth avg SST Indices 1 and 9

Cross-validated Tercile LEPS Scores

Véorse an
Cematoogy

e%

96% 3T%

23 goodas

Bonriki (27-28 Years)

3mth avg SST Indices 1 and 9
Bonriki (26-27 Years)

133

Werse ther
Camatology

Way
Apt

Jon
Moy

As goodas

Jul
~Jun

5%
-45%
12%

Ay
e Aug

Beter than
Chmstology

4%
1%
67% 218

Final Project Report: CBA2012-01CMY-Abawi

1987 1938 1990 1991 1993 1994

Gmth

12mith

121




5 month

Cross-validated Tercile LEPS Scores

3mth avg SST Indices 1 and 9 Diagonal patterns indicate little
(slow) change in groundwater

Bonriki (27-28 Years)

during this period
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12 month moving average

I = Rainfall e====Storage —SOII
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Assessing the predictability of seasonal
rainfall in the south-west Pacific region

Dr Yahya Abawi'2 | Dr David McClymont? , Dr Simon White2, Colleagues
from the Pacific Island Countries

1 National Climate Centre Bureau of Meteorology
2 University of Southern Queensland

Pacific Islands —
Climate Prediction

w i Project ( PI-CPP)
SCOPI(:‘ www.bom.gov.au/climate/pi-cpp/

Develop a software called SCOPIC (Seasonal
Decision support software providing seasonal Climate Outlook for Pacific Island

climate outlooksforclimate-sensitive Countries) to provide local NMS with the
industriesin the PacificIsland Countries. an 5 X
ability to issue seasonal climate forecasts

specific to their country
Training in SCF and Risk Management

Conduct pilot project on the impact of climate
on vulnerable sectors in each participating
country

Queensland Government
Chmase Crange Cunie o Ercliece
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Obijectives of Study

. Analyse the relationship between seasonal rainfall
with ENSO for each country.

. Determine the most robust predictive system(s) for
each country.

Drivers of climate in Pacific

Madden-Julian Oscillation (MJO)

El Nifio Southern Oscillation (ENSO)
Interdecadal Pacific Oscillation (IPO)
Intertropical Convergence Zone (ITCZ)

South Pacific Convergence Zone (SPCZ)

CBA2012-01CMY-Abawi FINAL REPORT
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Countries included in the stud

1997
El Nino

Nov 1997—
April 1998
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Nov 1973—
April 1973

Methodology

Use SCOPIC'’s regression analysis to compare
synchronous SOI and rainfall relationship for periods of:

» May to October (dry season)
» November to April (wet season)
Record relationships (+ve or -ve)

Assess correlations using star-scale:
% Poorly Correlated % % % W #Highly Correlated
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Concurrent relationship between SOI and Rainfall

Nov-Apr Honiara rainfall (mm) vs SOlValues
Y =0.081X-19.2

*

SOIValues

400
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Honiara rainfall (mm)

Nov-Apr Honiara rainfall (mm) vs SOIValues

3.8% + 13.5%%*
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May - October

Relationship: North -ve

May-Oct Penrhyn rainfall (mm) vs SOIValues
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May - October
Relationship: (mostly) Positive

May-Oct Nabouwalu rainfall (mm) vs SOIValues
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Relationship: Posit
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May - October
Relationship: Neg

e - WWALKSWETLRN | Syrchronous relationships between predictands and
1, L | S0 Values for the May to Oct period
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November - April
Relationship: Negative
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May

October
Relationship: (mostly) Nega

Synchronous relationships between predictands

May-Oct Munda rainfall (mm) vs SOIValues
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November - April
Relationship: Posi

Synchronous relationships between predictands
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Concurrent relationship between
SOl and rainfall

Summary
May-October November-April

Country relationship correlation Country relationship correlation
Cook Islands &+ve Yokt Cook Islands & +ve  oiokiokk
Fiji (m) positive = Yolok Fiji positive . 8.0 ¢ 0 ¢
Kiribati b 0000 8 ¢ Kiribati
Niue positive Niue positive
Papua New Guinea (m) positive Papua New Guinea (m) positive
Samoa positive Samoa positive
Solomon Islands (M) *1 Solomon Islands positive
Tonga positive ok Tonga positive
Tuvalu 2.0 ¢ ¢

Vanuatu positive b 0 ¢ 0

© 0o N O O B W N =

Tuvalu

2Ry
o

Vanuatu positive

Ratings are for comparative purposes, but
also provide an “estimate” of potential forecast skill.

using 6mth avg SOI Values (DA) {(May-Oct) at -6 mths Lead-time
Default Cross-validation using all available data

r value
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Summary November to April
rainfall

using 6mth avg SOI Values (DA) (Nov-Apr) at -6 mths Lead-time
Default Cross-validation using all available data

r value

Quarterly Synchronous
Relationships

November - January_.

2 B 8

= |
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Correlations for synchronous and lagged relationships.

May - October rainfall

using 6mth avg SOI Values (DA) (May-Oct) at -6 mths Lead-time
Default Cross-validation using all available data

r value

lagged
(Omths lead)

using 6mth avg SOI Values (DA) (Nov-Apr) at O mths Lead-time
Default Cross-validation using all available data

r value

Correlations for synchronous and lagged relationships.

November - April rainfall

using 6mth avg SOI Values (DA) (Nov-Apr) at -6 mths Lead-time
Default Cross-validation using all available data

r value

lagged
(Omths lead)

using 6mth avg SOI Values (DA) (May—0c>t) at 0 mths Lead-time
Default Cross-validation using all available data

r value

Final Project Report: CBA2012-01CMY-Abawi 135



What is the most robust predictive
system(s) for each country ?

Initial study only focused on SOI. This analysis was later expanded
to include other ENSO based predictors

Methodology

Evaluate a range of ENSO-based statistical forecast
systems (3mth rainfall outlooks) for each country by:

Using FlowCast to calculate tercile LEPS scores and
p-values for:

« twelve starting periods of the year

« three lead-times (0,1 and 2 mths)
« three predictor-averaging periods
1, 2 and 3mth periods for SSTa based systems

x 2,3 and 4mth periods for SOl based systems

LEPS scores arithmetically averaged for each country.
Significant p-value tests counted for each country.

Evaluate spatial-maps of LEPS Scores
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Predictive systems analyzed

ino aréas in tfopical Pacific
SOl Values (from 1876)
SOl Values (from 1949)
SSTa 1 ,
SSTa 9 R _- Comet i b

F~NINO 3.4+ 5'8
22 o5

SSTa 1 & 2 | ) South Paciic Ocean

: '
SSTa 1 & 9 . : | an rainfall.
Nlﬁo 1 2 ‘ ] : g : < Fig. 3.5 The NINO regions (from Rainman Librarv\
Nino 3
Nifo 3.4
Nifio 4

Rainfall Prediction Skill

Cross-validated Tercile LEPS Scores
3mth avg SOl Values

Honiara (51-55 Years)

7.8% 2.2% 59% -1.9% -1% -0.6% -1.4% -1.4%

1.7% 1.5% 59% -22% -1.2% -08% -1.7% -2.6%

4.4% 2.9% 3.6% -05% 4% -1.7% -1.6% : 0.8%

6.4% 1.9% 6.2% 0.3% 7% -1.5% ~-1.2% 31% 6.6%

7% 2.8% 8.5% 1.3% 4% -0.5% 0.9% - 8.7% 11.3%

Lead-time (morths)

7% 6.1% 7.8% 0.8% 3% 0.2% 0.8% g 10.4% 151%
1% 6.2% 8% 1.4% 3% -1.7% 0.0% 4.2% 17.3% 153%
9.6% 3 7.3% 21% 4% -24% -1.7% 11.1% 205% 18.4%

25.4% ! -0.4% 6% -1.8% -05% 16.1% 247% 203%

Feb Mar Jun Jul Aug Sep Oct MNow Dec
-&pr -May -Aug -Sep -Oct -Nov -Dec -Jan -Feb

|
As good as
Climatology
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LEPS arithmetic averaging
strategy...

108 results averaged to a single result

2mths Average SOl Values 3mths Average SOI Values

8418% -13% -1.4% -15% 15% 02% -08% 12% 26% 18% 04% 08% 8435% -13% -1.1% -1.9% 06% 12% -09% 2% 4% 27% 23% 07

% 08% -11% -1% 00% 3% 01% 07% 03% 7{23% -17% -1.7% -1.8% 13% -03% -08% 05% 39% 07% 01% 09%
2% -0.7% -14% 04% 41% 03% -02% 03% 6412% -07% -16% -1% 12% -07% -12% 07% 33% 1% 07% 079
% 00% -17% 23% 81% 53% 07% 06% £5{03% -03% % 15% 11% 79% 28% 06% 09%
2% -02% -16% 68% 182% 67% 08% 13% i 01% -1.3 9% -01% -16% 56% 138% 6.1% 11% 1.1%
oo 0o i 4Ze oo oo o, Ze oo oox o2 FET RS

e = 3 === el .

3% 16% 27% 95% 88% 44% 16% 08% = H-08% -15% -03% 00% 04% 09% 09% 127%172% 47% 13% 12%

3% -05% 5% 52% 23% 33% 79% 58% 06% 0% H-09% -13% -06% -04% 28% 27% 44% 75% 8% 62% 09% 06%

3% 27% 101% 41% 03% 06% 71% 62% 09% 34% H14% -12% -11% 14% 68% 64% 09% 24% 93% 58% 13% 21%

e —
ep -Oct Nov Dec -Jan Fel

Ms WApr May un o -Aug  -Sey 5 Mer  Apr May -un oMl -Aug Sep -Oct .rmx-ec Jan  Feb
4mths Average SOl Values
Avg2

39% -11% -15% -17% 07% 05% -09% 12% 48% 15% 16% 08% \

~611.7% -15% -1.4% -17% 15% -11% 1% 39% 13% 02% 12%
£5413% -11% -15% -1.1% 22 4% -14% 12% 64% 3% 14% 12%
€
e 4403% -08% -1% 0% 25% -04% -15% 35% 124% 39% 1% 13%
£

4
“JH04% -16% 02% -04% 1.4% 09% 00% 11.2% 204% 75% 15% 13%

-07% -12% -08% 01% 28% 18% 24% 105% 144% 6% 09% 09% * Avg3 J— Avg RESU|t

14% -13% -05% 11% 47% 41% 26% 56% 91% 62% 14% 22%

28% -06% -17% -1.7% 07% 12% -05% 17% 4.1% 31% 34% 1.7%

Jn Feb Mw Apr Msy Aan M Aug Sep O Nov Dec
Mor  -Apr M ) Sep Ot Nov -Dec -an -Feb

Station results are also averaged for each country.

Significance testing: p-tests

« Tests the hypothesis of whether the measured forecast skill
(e.g. LEPS score) is greater than what can be obtained by
chance.

» Tests measured skill against skill from “randomised” data.
» Uses a pre-defined significance level (e.g. 0.05).

»« Hypothesis is true if less than 5% of “randomised” skill
tests have skill greater than measured.

In this study - significant p-test results are “counted” for
each set of lead-times, averaging periods, and starting
periods of the year, and expressed as a percentage
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Measured rainfall analogues
Frequency Distribution (Monthly Format)
All rainfall datasets suva
have the same
distribution

100 200 300 400 500 600 700 800 900 1000 1100)

100 “Randomised” sets of
rainfall analogues with same
distribution as the measured data M ETHODOLOGY
« LEPS Score calculated for
measured dataset (LEPSwes)

= LEPS Scores calculated for n
“randomised” dataset (LEPSrana)

p-value = count(LEPSun> LEPSnes)
n

rainfall analogues are
randomly shuffled

Summary of Results

Percentage of tests (n=108) which have skill above chance (p=0.05)
SOI(1949) SSTal SSTa9 SSTal&9 SSTal&2 Ninol.2 Nino3 Nino3.4 Nino4
Papua New Guinea Y 35.5% 35.5%  11.0% 36.9% 31.7% 28.5% | 38.7Y% ). | 41.2%
VS EENLENQ LI 100.0%| | 99.1%  93.5% 30.6% | 92.6%  92.6% | 78.7%

Cook Islands (South) / | 49.1% 25.9% 8.3% 19.4% 13.9%  38.0%

Fiji ] W 51.5% 30.9% 55.1% 44.9%  37.8%

Kiribati (West) i 85.0% 17.2% | 86.3%  90.9% 82.2% 88.1% 86.1% 8
Kiribati (Central) : 66.7% 6.5% 65.7% = 71.3% | 85.2% 8! 73.1%
Kiribati (East) ; 61.1% 9.3% 67.6%  68.5% 66.7° 75.9%
Niue 3 41.7% 28.7% 49.1% @ 24.1% [N59I3%% N

Samoa a | A 33.3% 17.1% 31.9%  26.4% | 47.7% 51

Solomon Islands : E 31.9% 21.1%  35.9%  29.6% 28.1%

Tonga 6 43.1% 31.7% 46.9%  35.9% | 48.0% | 60.6

Tuvalu .69 75.0%  64.6% 20.4% 66.0%  63.2% 50.2%

Vanuatu 43.7% 52.3%  39.5%  32.4%

SOI(1949) SSTal SSTa9 Nino3.4 Nino4
Papua New Guinea § 6.2 4.9 5 ; 3.0 .4 [EEEEGIE
Cook Islands (North) [EEIE MRS N RPN : ; : 11.5 '
Cook Islands (South) 5 . X A 3.2
Fiji : I s : g : 37
Kiribati (West)
Kiribati (Central)
Kiribati (East)
Niue
Samoa
Solomon Islands
Tonga
Tuvalu
\ELVE ]
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Summary - one possible solution

(note - predictive systems not listed for each country may have significant

skill, but not as high as those listed here)

Kiri%ati (West) @

0 nod, _ Kiribati (East)
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Niue Cook Islands (South)
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Tercile hindcast analysis for Dec-Feb Predictands (3mth Totals)
3mth avg SOI Values (Sep-Nov) { Omths lead)
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Relative skill of different predictors in each
country (default = 1.0)

. Pedides
e o e e

Niue
amoa
olomon
onga
uvalu
Vanuatu
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