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Abstract

Advances in our fundamental understanding of the physical climate system provided the necessary scientific
underpinnings for the routine production of reliable seasonal climate forecasts and ultimately, the birth of the
International Research Institute for Climate and Society (IRI). While recognizing that the successful adoption of
climate information into various decision-making settings requires an iterative approach between the developers
and users of that information, since its inception the IRI has also recognized the critical role of basic climate
research in generating new climate knowledge. Given its mission, such basic research targets specific regions
and questions that are framed by practical considerations of how climate variations are impacting, or may impact,
various sectors of society. Analogous to its role in underpinning the development of seasonal forecasts, an
enhanced understanding of relevant aspects of the physical climate is viewed as a critical input to the larger
process of developing effective strategies for the management of climate-related risks. Here, four examples of
targeted climate research undertaken at the IRI are presented covering a range of time scales, from sub-seasonal
variability to long-term climate trends. A diverse set of geographic locations is considered, which includes the
Sahel, southeastern South America, the Philippines and Indonesia. These four examples were selected to indicate
the broad range of use-inspired basic research questions that have been addressed in regions where the IRI is
engaged in a broader set of activities to develop actionable climate information. While many institutions are
engaged in basic climate research, having the expertise and capacity to do so within the IRI provides it with the
necessary flexibility to target its work towards specific climate-related questions in specific regions of the world.
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Background
The management of climate risks first requires an un-
derstanding of the physical characteristics and behavior
of relevant aspects of the climate system. The provision
of such knowledge is the role of climate science and while
there are many institutes around the globe engaged in
basic climate research, it has long been recognized as an
important core activity within the International Research
Institute for Climate and Society (IRI). While the mission
of the IRI certainly requires the interaction and collabor-
ation with a broader community, there are multiple advan-
tages to the institute for having the expertise and capacity
necessary to conduct basic climate research in-house.
Primary among these advantages is that it allows the IRI
the necessary flexibility to target such research towards
answering fundamental climate questions that arise in
specific regions where it is engaged in broader climate

risk management initiatives. The results from such use-
inspired basic research are thus viewed as an important
input to a continuum of climate information that is ultim-
ately needed to manage risk. However, just as advances
in our understanding of the physical climate system pro-
vided the necessary scientific underpinnings for the rou-
tine production of reliable seasonal climate forecasts (and
indeed, the birth of the IRI), so too does effective climate
risk management require fundamental knowledge of the
climate system itself.
In this paper, four examples are presented which cap-

ture the range of basic climate research that has been
conducted at the IRI as motivated by specific climate
questions that arose from targeted regions where the IRI
is working. Paralleling the broad interests of the IRI,
these examples cover a range of time scales. The first ex-
ample is research on climate trends in a key agricultural
area of southeast South America where summer rainfall
has undergone an upward trend for more than a half-
century. Partly in response to this greater availability
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of moisture, particularly in historically more marginal
farming areas, agricultural activity in the region has ex-
panded substantially. But will the increase in rainfall
last? The answer has obvious implications for agriculture.
Providing an answer requires basic climate science re-
search: What has been driving the long-term increase in
rainfall in southeast South America? The second example
is from the Sahel, where protracted droughts during the
1970s and 1980s are a well-documented example of dec-
adal scale climate variability, which had substantial impacts
across the region. However, determining the underlying
cause of the increased occurrence of drought has taken de-
cades of research. In particular, the potential role of human
activity and associated land cover change in forcing the
drought has been debated since the 1970s. Did changes in
land cover contribute to the establishment of the droughts,
or were they primarily the result of other factors? It’s a
basic science question, with the results pertinent to land-
use policy and planning, as just two examples. The third
case comes from the Philippines and shifts to seasonal time
scales. El Niño events are frequently associated with
droughts in the Philippines, which can substantially impact
the agriculture and water sectors. As part of a project
aimed at enhancing water management practices at the
Angat Reservoir, the largest multi-use water supply system
in the metro Manila region, IRI climate scientists were
tasked with determining if the development of skillful sea-
sonal forecasts of the inflow to the reservoir were possible.
A critical first step was to investigate the seasonally varying
influence of the El Niño-Southern Oscillation (ENSO) on
rainfall in the region. Finally, switching to sub-seasonal
time scales, rainfall variability in Indonesia is considered.
From the national economy down to individual livelihoods,
Indonesia is highly reliant on agriculture, which is affected
not only by the variability of seasonal rainfall but also its
timing and spatial distribution. Based on an agronomic
definition of monsoon onset, basic research was under-
taken at the IRI evaluating the predictability of the onset of
the rainy season across Indonesia. In its most intensively
cultivated area, Java, spatial variations in rainfall during El
Niño events (typically associated with drought) were inves-
tigated, revealing major differences over short distances,
with some areas actually being anomalously wet in El Niño
years. Incorporating the climate knowledge gained through
these studies into specific decision-making and planning
settings clearly requires additional work. However, the
provision of such knowledge is an essential element of that
broader process, pointing to the important role that tar-
geted climate research has at the IRI.

Summer precipitation trends over southeastern
south America
South Eastern South America (SESA), which includes
Uruguay, southern Brazil, Paraguay and northern Argentina,

is the transition zone between the wetter monsoon core
associated with the South Atlantic Convergence Zone, and
the drier Andean and Patagonian regions (Figure 1a).
SESA stands out for being one of the regions with the
strongest observed 20th century precipitation trends in the
entire world (Liebmann et al. 2004; Haylock et al. 2006;
Barros et al. 2008; Seager et al. 2010), as can be shown
using IRI’s Time Scales Decomposition Maproom (Greene
et al. 2011). The strong wetting in this region (Figure 1b)
has had a significant economic impact, due to the subse-
quent expansion of its agricultural frontiers (Barros et al.
2008; Viglizzo and Frank 2006). In addition to the long-
term trend, the climate of this region is characterized by
very strong interannual variability (Figure 1c) in both sum-
mer (December-February) and winter (June-August) sea-
sons. This variability can have substantial impacts on the
agriculture, water and energy sectors in its own right. It
has been established that interannual climate variability in
SESA is primarily driven by associations with the ENSO
phenomenon (Ropelewski and Halpert 1996), and is also
influenced by sea surface temperature variations in the
Indian Ocean (Chan et al. 2008) as well as atmospheric
variability originating in higher latitudes (Zhou and Lau
2001; Silvestri and Vera 2003). Thus, while the long-term
increase in rainfall has been beneficial economically, it is
not clear what has been driving this change and therefore
whether or not more abundant rainfall will continue in
the future. Answering that question requires the evalu-
ation of multiple factors.
As a starting point, an analysis was performed (Gonzalez

et al. 2012) of the consistency of the trend and variability
between a gridded precipitation dataset from the Global
Precipitation Climatology Center (GPCC) and a set of
station-based, century-long records from SESA. Both the
station and gridded datasets show good agreement on the
temporal variability of summer precipitation and its spatial
patterns for different timescales. The magnitude of the
wetting trend in SESA observed for the December-
February season in GPCC over the period 1901–2000 is
more than 10 mm per decade, highly consistent with
the trend observed in the station-based SESA average
(Figure 2). To then begin the exploration of the possible
causes of the observed trend, simulations of the current
climate in several general circulation models (GCMs) used
in the Coupled Model Intercomparison Project Phase 5
(CMIP5) were examined. These models include observed
changes in greenhouse gases (GHGs). A first step was to
examine the models’ ability to reproduce the observed
trend in rainfall. It was found (Figure 3) that none of the
simulations from these models were able to successfully
capture a rainfall trend across SESA of similar magnitude
to what is observed (Seager et al. 2010; Gonzalez et al.
2013). The reasons why this large ensemble of state-of-
the-art climate models fails to simulate the SESA trend
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remain unclear. Nonetheless, the results prompted a dif-
ferent approach in the investigation of the rainfall trend.
Upon closer inspection of the observations, it was seen

that the rainfall trend over the last century was most
pronounced during the more recent period from 1960–
1999. In addition, there was also a marked contrast in
trends when comparing the December-February versus
June-August seasons (Figure 1c). While the figure shows
there is large year-to-year variability, SESA precipitation
during December-February appears to start rising most
prominently during the last few decades of the 20th cen-
tury, whereas the June-August time series shows a very
different behavior including very little evidence of a
trend. This observation, together with previous modeling
studies (Kang et al. 2011), suggested that ozone depletion
might have been an important driver of the precipitation

changes, since unlike the effect of GHGs increases, the
ozone depletion impact on the troposphere is restricted to
the summer season (December-February). To explore this
possibility in more detail, a hierarchy of experiments using
6 GCMs was undertaken (Gonzalez et al. 2013) to exam-
ine the influence of stratospheric ozone depletion on
SESA precipitation trends. That study found that for all
the models analyzed, decreased ozone concentrations dur-
ing the period 1960–1999 was manifested in the models
as an increase in SESA rainfall (Figure 4). Additionally, for
the subset of the same models that also contained an ex-
periment where only changes in greenhouse gases concen-
trations were considered, the modeled precipitation trends
were not only smaller than those in the ozone-only runs,
but in some models they were even of opposite sign of
that seen in observations. The consistency of the model

Figure 1 GPCC December-February precipitation over South America for the period 1960–1999. a) Time mean precipitation over that
period, with a 100 mm/month contour interval. b) Linear trends over the same period, with the thick black showing the zero contour, and
additional contours at −25 and 25 mm/month intervals. The magenta dots indicate grid points were the linear trend is significant at the 90%
level, according to a Mann-Kendall test. In both panels, the black box shows our definition of SESA. c) GPCC SESA precipitation time series
for DJF (left, red) and JJA (right, blue) in the period 1901–2007. The dashed black line indicates the 1901–1960 mean value. Adapted from
(Gonzalez et al. 2013).
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rainfall trends in the ozone-only experiments and lack of
consistent influence of GHGs suggests that the former
may be playing the dominant role in driving the observed
rainfall increase during summer. In all the models ana-
lyzed, however, the magnitude of the rainfall increase was
too small relative to what has been observed, as evidenced
by the black vertical lines in Figure 4 that describe the
complete ensemble range. Further research is being con-
ducted to investigate this aspect in more detail.
An important implication of these results from a prac-

tical point of view is that, due to the expected recovery
of stratospheric ozone concentrations, rainfall in SESA
may be expected to level off in coming decades, or pos-
sibly even decrease, as the influence of depleted ozone
levels on rainfall weakens. Given the high level of agri-
cultural activity in the region, this could obviously have
important economical consequences. This research also
brings to light an important, broader, issue regarding the
use of the CMIP5 climate change projections to explore
future climate scenarios. Diagnostic research into the be-
havior of individual climate models can potentially iden-
tify problems in their performance in a given region. In
regions such as SESA, reliance on these models alone
does not allow for other important processes, such as
ozone depletion, that need to be modeled if they are to
capture important climate processes affecting the region.
Thus, based on the results of the targeted climate re-
search undertaken for the region, alternative methods
are now being explored to create precipitation scenarios
for the near-term future (coming 10–30 years) in SESA
that don’t rely on CMIP5 model output alone. One

approach to assess possible changes in climate in the near-
term is to generate a set of decadal stochastic simulations
(Greene et al. 2012) for SESA rainfall based on different
trend scenarios that include the effects of both greenhouse
gases increases and ozone recovery. From an applications
perspective, it is planned to use these simulations as in-
puts to crop models that can provide scenarios for future
crop yields and an associated range of economic conse-
quences for the region. Overall the climate research to ex-
plore drivers of the recent rainfall increase has broader
implications for agriculture in the region.

Looking back to plan ahead in the Sahel
Ending the debate on the cause of protracted
Sahel drought
Since the early 1970s, when recognition that persistent
drought was contributing to an environmental crisis, the
Sahel, (broadly defined as the semi-arid belt just south
of the Sahara, from the Atlantic coast of Mauritania and
Senegal to the Red Sea coast of Sudan and Eritrea),
has elicited special attention in climate research and in
policy dialogue. For example, the Sahel was one of only
5 regions worldwide picked for in-depth focus in the
first Assessment Report of the Intergovernmental Panel
on Climate Change. While these activities provided a de-
termined focus on the region, to a large extent they re-
volved around contrasting scientific explanations of the
root cause of the crisis. Did severe drought result in ser-
ious degradation to the environment, or did degradation
of the environment contribute to the severity of the
drought?
The vulnerability of society to climate variations in the

Sahel entered the global stage when recurrent drought-
induced food insecurity led to significant loss of human
life in the early 1970s in the western Sahel, and in 1984
in Ethiopia. Early on, it was postulated that the persist-
ence of drought since the 1970s was caused by depletion
or degradation of land resources driven by rapid popula-
tion growth. Extension of agriculture into marginal land,
overgrazing by herds of livestock that exceeded the
land’s “carrying capacity” and woodcutting for fuel were
all invoked to explain the baring of the soils, which was
hypothesized to put in motion a positive bio-geophysical
feedback that further reduced precipitation and vegeta-
tion cover (Charney 1975). The combination of extreme
drought and land degradation in the 1970s spawned the
formation of regional and global institutions. The most
notable action was the grouping of the 9 West African
Sahelian countries from Cape Verde eastward to Chad
into the political CILSS region, and the foundation of its
scientific and technical arm, the Agrhymet regional cen-
ter in Niamey, Niger. The United Nations (UN) Confer-
ence on Desertification was held in Nairobi in 1976 and
the Convention to Combat Desertification was presented

Figure 2 SESA regional DJF precipitation index from GPCC (red
line) compared with two different station-based indexes: a
standard average (black line) and an area weighted average
(green line). The dashed line corresponds to the right axis and
indicates the number of available precipitation stations for each
year. The inset in the bottom right corner presents the non-linear
trends obtained for the same time series. From (Gonzalez
et al. 2012).
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at the UN Conference on Sustainable Development in
Rio in 1992.
While the above activities were largely driven by the

emergence of drought in the 1970s, climate predictabil-
ity as a research effort has come into focus only in more

recent decades. The UK Met Office initiated its effort,
the longest standing in donor countries, in 1991 (Folland
et al. 1991) on the heels of demonstration by some of its
scientists (Folland et al. 1986; Palmer 1986; Rowell et al.
1995; Rowell 1996) that a global pattern of sea surface

Figure 3 Changes in SESA precipitation in state-of-the-art CGCMs for the period 1960–1999. a) ’run1’ from the 20C3M CMIP3 simulations.
Models with an asterisk did not include time-varying ozone concentrations. b) a single run from the historical CMIP5 simulations. The letters L, M, and H after
the model name indicate the relative vertical resolution of the model: low, middle and high, respectively. In both panels the black bar shows the observed
change from the GPCC dataset and the grey bars show the multi-model ensemble mean. When present, the thin black lines represent 1 standard deviation
from the inter-model spread. The number between parentheses represents the size of the model ensemble for each group. From (Gonzalez et al. 2013).
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temperature (SST) anomalies (departure from average
conditions) was all one needed to reproduce drought in
the Sahel in an atmospheric climate model. Despite the
pioneering work of the Malian Direction Nationale de la
Météorologie (Diarra and Dibi-Kangah 2007) to provide
climate information to farmers (responding to rural com-
munities quest to restore order in the midst of chaos en-
gendered by persistent drought) the seasonal prediction
effort was not picked up again at regional level until 1998,
2 years after the birth of the IRI and just after the largest
El Niño of the 20th century attracted significant attention
to seasonal forecasting.
The advent of the West African seasonal climate out-

look forum in May 1998, better known as PRESAO from
its French acronym, emerged from this new emphasis on
seasonal prediction. The forum has taken place yearly
since the first one was convened in Abidjan, Ivory Coast
in that year (ACMAD 1998). Since the forum’s inception,
IRI climate scientists have participated in every event, con-
tributing significantly to capacity building in the area of
statistical seasonal forecast production by national me-
teorological service participants. In addition, with PRE-
SAO as its entry point, the IRI has built a presence in the
region that has gone well beyond seasonal climate predic-
tion. IRI has formally contributed to the organization of
e.g. the International conference for the reduction of

vulnerability to climate change of natural, economic and
social systems in West Africa, held in Ouagadougou in
January 2007, and of a Regional training workshop on
the variability and predictability of agro-hydro-climatic
characteristics of the West African rainy season, held
at Agrhymet, in Niamey, Niger in May 2012. IRI staff
have continuously capitalized on travel to the region to
foster informal interaction with young climate researchers
at universities. Notably, these interactions have benefited
from independent support from START – the global
change SysTem for Analysis, Research and Training –
resulting in advances in the dynamical characterization of
sub-seasonal variations in precipitation, as well as in the
communication of climate information for disaster relief.
At IRI, the research needed to ground seasonal forecasts

in a dynamical understanding of the physical climate sys-
tem progressed in parallel to the outlook forums. After
about a decade of inconclusive model simulations of the
possible cause of the protracted Sahel drought (Rowell
1996), earlier results (Folland et al. 1986) were finally con-
firmed (Giannini et al. 2003): the 20th century evolution of
Sahelian climate, specifically the abrupt transition from
anomalously wet 1950s and 1960s to anomalously dry
1970s and 1980s (and the partial recovery since), could be
simulated given only a specification of the global SST field
(Figure 5). Similar results were subsequently reproduced
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using other climate models (Bader and Latif 2003; Lu and
Delworth 2005), cementing the conclusions. These results
had fundamental implications regarding our understand-
ing of climate variations in the Sahel on different time
scales: first, the persistence of drought during the 1970s
and 1980s had not been caused by land use change, and
second, the connection of Sahel drought to global SSTs in-
dicated that the climate of the Sahel was indeed potentially
predictable, bolstering seasonal climate prediction efforts.

Past behavior and future insights
The predictability of seasonal rainfall in the Sahel largely
hinges on first predicting regional and global patterns
of SSTs (Goddard and Mason 2002; Ndiaye et al. 2008).
This is challenging because in order to predict the July-
September rainy season one needs to first demonstrate skill
in predicting SSTs during the boreal summer, a time of
year when predictability is often low, relative to the winter
season. As elsewhere, ENSO provides the most consistently
predictable signal for rainfall in the Sahel (Ndiaye et al.
2011). However, it also provides an “analogue” for the con-
sideration of climate change. Applying the theoretical un-
derstanding developed among others (Neelin et al. 2003;
Held and Soden 2006), it has recently been shown
(Giannini et al. 2013) that the past, present and future of
Sahelian climate variability, observed and modeled, can be
captured in a simple relation: the difference in SSTs
between the sub-tropical North Atlantic and the global
tropical oceans (Figure 6). As oceans warm local rainfall in-
tensifies, warming the atmosphere and making it more
stable elsewhere, which favors reduced rainfall and poten-
tially leads to drought over land. However, warming oceans

also potentially provide an increased moisture supply for
monsoons around the globe, helping to overcome the
higher stability. Depending on which factor dominates can
determine whether rainfall decreases or increase in differ-
ent regions of the globe.
The occurrence of the late 20th century drought in the

Sahel is consistent with the lack of warming of the North
Atlantic precisely at the time of emergence of anthropo-
genic warming of the oceans. The lack of Atlantic warm-
ing is currently understood to have been in significant part
due to the cooling effect of aerosols (Rotstayn and Lohmann
2002; Chang et al. 2011). Adoption of legislation aimed at
curbing air pollution in North America and Western
Europe has helped reduce aerosol concentrations, which
has in turn has been a contributor to the subsequent
warming of the North Atlantic, and consistently, for the
current “partial recovery” of Sahelian rainfall to take place.
While the crisis precipitated by persistent drought in

the Sahel in the early 1970s has left an indelible mark,
it is important to recognize that while the drought
may have been in part anthropogenic, as is implied by
the role of greenhouse gases in warming the oceans,
and of aerosols providing Atlantic cooling to contrast
the warming, future climate change does not necessarily
equal continued drought in the Sahel. In fact, the re-
gional recurrence of repeated episodes of flooding, urban
and rural, during recent rainy seasons, catalyzed the col-
laboration between the UN World Food Programme and
IRI. Information on underlying climate trends can in-
form WFP interventions in disaster relief and recovery.
The IRI-WFP partnership to date has exploited respect-
ive expertise in the collection and analysis of livelihood
surveys at household level, and in the dynamical inter-
pretation of climate trends, to define the historical con-
text of the climate sensitivity of food security at country
level, in Mali and Senegal. It has also facilitated the
participation of climate service providers in discussions
around drought index insurance.
Going forward we should remain vigilant to emergent

trends in oceanic variability and in Sahel rainfall varia-
tions on annual down to sub-seasonal time scales. It is
equally important that we remain flexible in charting
adaptation strategies for the region. Coupled with the
partial recovery of the rains from changes in atmos-
pheric and oceanic conditions around the globe a com-
ponent of the re-greening of the Sahel may, indeed, have
resulted from human ingenuity in land resources man-
agement through the adoption of simple, but efficient
measures to exploit rainfall such as agro-forestry and
soil and water conservation (Reij et al. 2005). Thus,
while our understanding of rainfall variability in the
Sahel has required a considerable effort in climate sci-
ence (Giannini et al. 2005; Giannini et al. 2008; Giannini
2010; Biasutti and Giannini 2006; Biasutti et al. 2008;

Figure 5 Indices of Sahel rainfall variability. Observations using
the average of stations between 10°N and 20°N, 20°W and 40°E.
Model values were based on the ensemble-mean average of grid-boxes
between 10°N and 20°N, 20°W and 35°E. The correlation between
observed and modeled indices of (July-September) rainfall over
1930–2000 is 0.60. (Time series are standardized to allow for an
immediate comparison, because variability in the climate models is
muted in comparison to observations. The ratio of observed to
ensemble-mean standard deviations in the Sahel is 4.) This is
Figure 1 in (Giannini et al. 2003).
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Tippett and Giannini 2006; Moron et al. 2008a; Moron
et al. 2008b; Greene et al. 2009; Hansen et al. 2011),
incorporating these results into policy and planning is
indeed a multi-disciplinary effort.

The seasonally varying influence of ENSO in
the Philippines
In many tropical land areas of the globe El Niño events
are frequently accompanied by drought (Lyon 2004; Lyon
and Barnston 2005), the Philippines being one of them.
During an El Niño, drought conditions in the Philippines
are most widely expected in the boreal fall and winter
seasons when these events are typically strongest. Once
developed, drought then frequently persists into the subse-
quent early spring. However, the nature of the impacts of
El Niño (and La Niña) on regional rainfall variations
around the globe is tied to the interaction between the life
cycle of ENSO events and the annual cycle of rainfall
within a given area. For example, El Niño-related drought
in the Philippines during the fall occurs during the north-
east monsoon season. However, the development stage of
ENSO events frequently takes place earlier, during the bor-
eal summer, when the southwest monsoon is the dominant
circulation feature. The impact of ENSO on seasonal rain-
fall during the summer season in the Philippines has not re-
ceived much attention by researchers. In addition, the
Philippines are substantially affected by tropical cyclones,
which frequently occur from summer into the fall. These
storms not only bring damaging winds and storm surges to
the Philippines, they also typically generate very high
amounts of rainfall, thereby affecting seasonal average pre-
cipitation. This leads to the additional question of how
ENSO influences not only seasonal rainfall but also the be-
havior of tropical cyclones over the course of the year.
These basic questions regarding the seasonally varying

influence of ENSO on Philippine climate arose during
early stages of an IRI project in the region focused on
improving water management practices for the Angat
Resevoir in Luzon, which provides water for over 8 mil-
lion people in the Metro Manila area. Since inflow to
the reservoir can be substantially affected by the state of
ENSO, better management of water within the reservoir
system relied fundamentally on a better understanding
how inflows to the system varied over the course of the
year, particularly when an ENSO event was underway.
Working with climate data provided by the Philippine
Atmospheric, Geophysical and Astronomical Services
Administration (PAGASA) and in collaboration with some
of their climate scientists, a study addressing these topics
was undertaken. Previous work had provided some hints
that the influence of ENSO on boreal summer rainfall in
the Philippines might be different from that during the
boreal fall and winter (Walker & Bliss 1932; Kiladis & Diaz
1989; Kripalani & Kulkarni 1997) but additional research
was needed to provide a more definitive answer.
In terms of seasonal rainfall variability, an analysis of

the observational data revealed that during the boreal
summer months of July-September of El Niño years
many locations of the north-central Philippines actually

Figure 6 Simulated change in Sahel rainfall in (a) CMIP3 and
(b) CMIP5 models against the change in (surface air) temperature
difference between the subtropical North Atlantic and the global
tropical oceans. All averages are taken July–September. Green dots
identify the change between the end of the 20th century (CMIP3/
20c3m, CMIP5/historical) and the ‘pre-Industrial’ control, blue dots
the change between end and beginning of the 20th century,
yellow dots the change between the middle of the 21st century
(CMIP3/A1B scenario, CMIP5/RCP4.5) and the end of the 20th
century, and red dots the change between end of the 21st and
20th centuries—we averaged 100 years of pre-Industrial control,
and up to 3 ensemble members of the 20th and 21st century
simulations when available. There are 17 models in the CMIP3 scatter,
15 in the CMIP5 scatter. This is Figure 1 in (Giannini et al. 2013).
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experienced a statistically significant occurrence of above
average rainfall (Figure 7) before the expected below
average conditions spread across the region during the
boreal fall (Lyon et al. 2006; Lyon & Camargo 2009).
Generally opposite conditions were observed during La
Niña years (not shown), when rainfall was found to
be below average across much of the north-central
Philippines in July-September before becoming wetter
than average in the subsequent fall. The essential under-
lying mechanisms are related to the formation of an
anomalous low-level cyclonic (anticyclonic) circulation
over the western North Pacific, to the east of the
Philippines, during the onset phase of El Niño (La Niña)
events in boreal summer. One consequence of this
anomalous circulation is an enhancement (reduction) in
the westerly component of the summer monsoon flow,
extending from the Bay of Bengal eastward across the
north-central Philippines during El Niño (La Niña)
(Lyon and Camargo 2009; Juneng & Tangang 2005). This
anomalous circulation appears to be a response to en-
hanced rainfall occurring primarily west of the date line
during the onset phase of ENSO. During boreal fall the
area of enhanced rainfall associated with the formation
of the anomalous cyclonic circulation the previous

summer is located further to the east, and an anomalous
anticyclone (cyclone) develops in the vicinity of the
Philippines, which tends to reduce (increase) rainfall there
(Wang and Zhang 2002) and thus leading to the reversal
in the ENSO rainfall signal.
Changes in the behavior of tropical cyclones through

the calendar year were also investigated during both
El Niño and La Niña events. Previous studies have shown
that during El Niño (La Niña) years, tropical cyclones gen-
erally tend to develop further to the southeast (northwest)
of their climatological mean genesis locations (Chan 1985;
Chen et al. 1998; Wang and Chan 2002; Chia and Rope-
lewski 2002). This shift in genesis location with ENSO
leads to different track types in El Niño and La Niña years
(Camargo et al. 2007a), with a tendency for more long
lived and intense typhoons occurring in El Niño years,
and fewer and shorter-living tropical cyclones in La Niña
years (Camargo & Sobel 2005). However, these previous
studies were not focused solely on storms that impacted
the Philippines. A few studies have shown statistically
significant differences in landfall rates in the northern
Philippines between El Niño and La Niña events with
more, intense typhoons making landfall in northern Luzon
(northern Philippines) in La Niña years (Saunders et al.

Figure 7 Station locations with a statistically significant occurrence of above- and below-median seasonal rainfall during El Niño
events are represented by filled and open circles, respectively for (a) JAS, and (b) OND. Different sized circles represent varying levels of
statistical significance as indicated in the legend. Station locations not having a statistically significant response are indicated by circles with
crosses. From (Lyon et al. 2006).
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2000), but they did not focus on the seasonal evolution
of ENSO in the analysis. To address the issue in more
detail, variations in cyclone tracks in the vicinity of the
Philippines were explored using over 50 years of historical
data archived by the Joint Typhoon Warning Center. The
results showing the track differences (El Niño minus La
Niña) years is shown in Figure 8 for the July-September
and October-December seasons. The figure shows a
tendency for enhanced (reduced) tropical cyclone activity
during July-September of El Niño (La Niña) years. These
tendencies then reverse during October-December.
The factors in the atmosphere that affect the genesis

of tropical cyclones were subsequently explored by look-
ing at the individual terms that contribute to an index
developed to estimate the potential for tropical cyclone
development (Emanuel and Nolan 2004; Camargo et al.
2007b). There were substantial seasonal variations in this
index during El Niño and La Niña years (Figure 9). It
was discovered that there was a greater potential for the

development of tropical cyclones in the Philippines dur-
ing the summer (July-September) of El Niño events, with
this tendency then reversing during October-December.
Generally opposite behavior was found during La Niña
events, again as a function of season. The largest contri-
bution to this change in tropical cyclone behavior with
season was found to be atmospheric moisture availability
that varied in a consistent manner with the circulation
features identified in the first stage of the research (Lyon
and Camargo 2009).
Overall, the study provided important insights

to the variability of the seasonal climate of the
Philippines relevant to the water management (the
main activity of the IRI project) as well as hazards
communities. In addition, the collaboration between
IRI and PAGASA scientists helped to both build re-
gional capacity in climate analysis and prediction and
to establish important partnerships for subsequent
work in the region.
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Figure 8 Composite tropical cyclone track differences (El Niño–La Niña) for a) July-September and b) October-December. From (Lyon and
Camargo 2009).
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ENSO, monsoon onset and daily rainfall variability
over java, Indonesia
ENSO has a pronounced impact on Indonesian rainfall,
leading to some of the highest seasonal forecasting skills
seen in the IRI operational forecasts, particularly during
the October–December season (Barnston et al. 2010).
This pronounced ENSO impact over Indonesia during
the monsoon-onset transition season is well known, and
understood through the impacts of ENSO-related SST
anomalies both in the equatorial Pacific, and those
around Indonesia (Hendon 2003). The high level of sea-
sonal prediction skill over Indonesia provides good op-
portunities for climate risk management in the region
and, in consultation with colleagues at Bogor Agricul-
tural University, demonstration projects for rice growers
in an important rice growing district of west Java have
been developed, along with pilot fire risk management
effort in central Kalimantan (Ceccato et al. 2010). These
projects required a closer examination of rainfall pre-
dictability on smaller temporal scales than seasonal

averages and on smaller spatial scales than, for example,
the approximately 300-km grid scale of the monthly IRI
seasonal forecasts (Barnston and Tippett 2014). In par-
ticular, information about weather characteristics within
in a three-month season is more pertinent for agricul-
ture and fire management than seasonal averages. This
is especially true in the agricultural sector where there is
substantial interest in information regarding the onset
date of the monsoon and dry-day frequency within it
(Robertson et al. 2014).
The following subsections describe two examples of

downscaling diagnostic research over Indonesia that was
spawned by the demand for more detailed climate infor-
mation in the above projects.

Seasonal predictability of weather statistics and monsoon
onset date over java
Figure 10 shows the anomaly correlation coefficient skill
of climate model seasonal hindcasts for the September–
December season, downscaled to the station scale using
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(Lyon and Camargo 2009).
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a hidden Markov model (HMM) statistical technique
(Robertson et al. 2009). The skill is depicted for three
different daily statistics of rainfall: rainfall frequency,
mean daily intensity, monsoon onset date, in addition to
the usual seasonal rainfall total. The latter is the product
of rainfall frequency × mean daily intensity, and a not-
able result is that the seasonally predictable component
of the seasonal rainfall total is found to stem almost en-
tirely from the rainfall frequency component, with mean
daily intensity having almost no predictability. In two pa-
pers (Moron et al. 2006; Moron et al. 2007) motivated
by the interest in the seasonal predictability of “weather
within climate”, it was shown that the lack of predict-
ability in mean daily intensity is nearly ubiquitous across
the tropics, and derives from the lack of spatial coher-
ence from station to station in seasonal anomalies of
mean daily rainfall intensity, while the spatial coherence
of rainfall frequency exceeds that of seasonal rainfall
total; this is consistent with higher seasonal skills in
rainfall frequency seen in Figure 10b compared to 10a.
The local onset date of the monsoon is defined in

Figure 10d from the daily rainfall time series in an agro-
nomically relevant way, as the beginning of the first sig-
nificant wet spell that is not followed by a long dry spell

(Robertson et al. 2009), using the same definition as
used by the Indonesian weather service. It shows signifi-
cant hindcast skill at many stations, exceeding that of
the seasonal rainfall total, or even rainfall frequency. To
investigate this further, Figure 11 shows the spatial co-
herence of interannual anomalies of rainfall quantities
for 57 stations across Indonesia. Onset date and Septem-
ber–December seasonal rainfall total exhibit high spatial
coherence. This is in stark contrast to the rainfall for the
period after onset—whether averaged over the first 15,
30 or 90 days—which show very low spatial coherence.
The last bar in Figure 11 shows the residual value of sea-
sonal rainfall total, with the onset date contribution
regressed out; it too has low coherence. The results in
Figure 11 demonstrate that once the monsoon begins,
the amount of rainfall at the station level has very little
seasonal predictability. All the seasonal predictability
seen in the seasonal rainfall total during September–De-
cember is conveyed by the onset date. This is consistent
with other studies that have not found much seasonal
predictability of monsoon rainfall over land.
Rice planting in Indramayu district can be seriously

delayed when the rainy season starts late. This causes
the entire cropping calendar to be pushed back which is
particularly problematic for the second rice crop, nor-
mally planted around April, that is at serious drought
risk at the end of the rainy season during May–July. One
of the goals of our current work with Bogor Agricultural
University is to develop dynamic cropping calendars
conditional on tailored climate forecasts, including of
onset date.

ENSO-induced rainfall dipoles over java
Despite the much weaker impact of ENSO on seasonal
rainfall during the monsoon, a pattern of rainfall anom-
alies does emerge in station observations over Java
during the December–February of El Niño years, charac-
terized by dry anomalies over the north coast and wet
anomalies over the middle of Java island (Figure 12b). A
similar pattern was identified (Giannini et al. 2007) for
the January–June half year following El Niño events.
However, this pattern is noisy compared to the stronger
and more uniformly dry pattern during the September–
November season (Figure 12a) and both its statistical
and physical significance are unclear. To gain confidence
in this pattern and understand it mechanistically, long-
term (1979–2000) regional climate model simulations
were made over Java, driven by NCEP-NCAR reanalysis
project (NNRP) data (Kalnay et al. 1996), using the
RegCM3 model (Giorgi et al. 2006) with a 25 km-reso-
lution (Qian et al. 2010).
The El Niño-related rainfall anomalies simulated by

the RegCM3 clearly reproduce the observed seasonal
evolution between the transition and monsoon seasons

Figure 10 Correlation skills of hindcasts: (a) seasonal rainfall
total; (b) rainfall frequency; (c) mean daily intensity; (d)
monsoon onset date. Circle diameter is proportional to magnitude
of the correlation. Negative correlations omitted. Onset date is
defined as first wet day of the first 5-day sequence receiving at least
40 mm that is not followed by a dry 10-day sequence receiving
less than 5 mm within the following 30 days from the onset date,
computed from 1 August. Adapted from (Robertson et al. 2009).
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as shown in Figure 12c, d providing model-based evi-
dence that the wet anomalies during the rainy season
over central Java island are real. Further investigation
of the RegCM3 simulations showed that these wet
anomalies over the mountainous middle of the island
are caused by an enhanced diurnal cycle with rainfall
peaking in the late evening, associated with the land-sea
breeze (Figure 13) that is strengthened by the influence
of high topography there (demonstrated by setting the
topography to zero in the simulations – see (Qian et al.
2010) for details).

Having implicated diurnal mountain-land-sea breezes
in these seasonal rainfall anomalies, it still remained to
understand why the diurnal cycle is enhanced during
El Niño years. To understand the multi-scale interaction,
daily circulation types were identified from the NNRP
data used to drive the RegCM3, by means of a cluster
analysis of daily wind fields (Qian et al. 2010; Moron
et al. 2009). This analysis indicated that the monsoon
season during El Niño years tends to be dominated by a
quiescent large-scale circulation regime, and that these
large-scale conditions appear to allow the diurnal cycle

Figure 12 Composite, seasonal anomalies for El Nino years (1957/58, 1963/64, 1965/66, 1968/69, 1969/70, and 1972/73). (a), (b) Station
rainfall from GHCN data for September-November and December-February. (c), (d) Precipitation and low-level wind from a regional climate
model for September-November and December-February. Adapted from (Qian et al. 2010).

Figure 11 Interannual variance of the standardized anomaly index (SAI) across 57 Indonesian rainfall stations; higher variance
indicates higher spatial coherence. First bar indicates onset date, with the following four bars denoting rainfall averaged in periods after local
onset date; SOND = 4-month total, with right-most bar showing the residual with onset-date contribution linearly removed. (Adapted from Table
2 of (Moron et al. 2009)).
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and accompanying land-sea breezes to reach higher
amplitudes than when the large-scale wind field is
strong (Qian et al. 2010; Moron et al. 2009). A similar
phenomenon has also been isolated over Borneo (Qian
et al. 2013). The larger role of regional scale processes in
the December–February season compared to September-
November is also consistent with previous work (Giannini
et al. 2007) where it was argued that as the tropical
ocean–atmosphere equilibrates to ENSO, and ENSO itself
begins to decay, regional features associated with the de-
layed response to ENSO become more prominent.
These diagnostic and modeling results reveal a mech-

anism leading to different rainfall anomalies between the
coastal plains and mountainous interior of Java island.
This relationship could potentially be harnessed to help
make differential agricultural allocations between upland
and coastal areas, for example, although the amplitude
of these anomalies is smaller than those during the
transition season, so that the shifts in probabilities are
likely to be relatively small. Indeed, while the results sug-
gest the potential for dynamical downscaling with the
RegCM3, the associated skills are quite small (Qian pers.
comm). Nonetheless, the overall diagnostic efforts un-
dertaken in Indonesia have yielded useful information
for both the agriculture and hazards (fires) sectors in the
country (Moron et al. 2009).

Conclusions
This overview of just a small set of IRI climate research
activities highlights the breadth and depth of the types
of work being undertaken. The activities presented
are all examples of targeted research undertaken for spe-
cific regions where the IRI is engaged in broader climate
risk management and climate adaptation projects. In
addition, the fundamental climate questions being

addressed by the research were framed by climate-
related issues that arose from within those regions.
Thus, addressing these fundamental climate questions
ultimately has much broader implications from decision-
making, policy and adaptation perspectives. Incorporat-
ing the knowledge gained from the climate research into
these realms of course requires a larger, integrative
process, as discussed elsewhere in this issue (Goddard
et al. 2014).
The activity of targeted climate research as outlined in

this paper is envisioned to continue as a core focus area
within the IRI. Such efforts show the institution’s com-
mitment to bringing the best climate science to bear to
address issues of climate risk management, adaptation
and sustainability. The collaboration between IRI scien-
tists and those from other institutions within the US and
from around the globe can also lay the groundwork for
future, joint initiatives. Overall, within the context of
broader, regional activities focused on reducing climate-
related risks, gaining a better understanding of how the
physical climate system works not only serves to enhance
our basic knowledge but also to increase our ability to
apply that knowledge in practical decision-making settings.
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