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Abstract We conducted a case study of National Centers for Environmental Prediction Climate Forecast
System version 2 seasonal model forecast performance over Indonesia in predicting the dry conditions in
2015 that led to severe fire, in comparison to the non-El Nifio dry season conditions of 2016. Forecasts of the
Drought Code (DC) component of Indonesia’s Fire Danger Rating System were examined across the entire
equatorial Asia region and for the primary burning regions within it. Our results show that early warning lead
times of high observed DC in September and October 2015 varied considerably for different regions. High DC
over Southern Kalimantan and Southern New Guinea were predicted with 180 day lead times, whereas
Southern Sumatra had lead times of up to only 60 days, which we attribute to the absence in the forecasts of
an eastward decrease in Indian Ocean sea surface temperatures. This case study provides the starting point
for longer-term evaluation of seasonal fire danger rating forecasts over Indonesia.

Plain Language Summary During the 2015 El Nifio, drier-than-normal conditions led to human-caused
fires getting out of control over Indonesia’s fire prone regions in Sumatra and Kalimantan, and on the island
of New Guinea. Recent analyses have shown that the 2015 CO,-equivalent biomass burning emissions for
all of Indonesia were in between the 2013 annual fossil fuel CO, emissions of Japan and India. Millions of
people were exposed to hazardous air quality levels for weeks, and, at its peak, a plume of pollution from the
fires stretched halfway around the world at the equator. In this study, we examined how far in advance
the dangerously dry conditions could have been anticipated over different fire prone regions. We used
forecasts from a coupled atmosphere-ocean model to compute 180-day forecasts of a fire danger indicator
used by the Indonesian government. We found that dry conditions could have been anticipated at least 60
days in advance over Sumatra, and at least 180 days in advance over Kalimantan and New Guinea. Our
analysis serves as the starting point for the development of early warning systems for fire managers

in Indonesia.

1. Introduction

The 2015 fire season ranked as one of the worst on record in Indonesia, behind only 1997 and alongside 1991
and 1994 (Field et al,, 2016). Surface visibility was frequently reported as less than 5% of normal, and millions
of people were exposed to hazardously poor air quality for 2 months (Crippa et al., 2016; Koplitz et al., 2016;
Tacconi, 2016; Voiland, 2015). Direct costs from the 2015 fires were estimated at USD 16 billion (World Bank,
2015), a conservative estimate that does not include health impacts. By mid-October, a plume of carbon
monoxide from the fires stretched halfway around the world at the equator in the upper troposphere
(Field et al., 2016), and total greenhouse-gas-equivalent emissions from the burning were between the mean
annual fossil fuel emissions of Japan and India (Huijnen et al., 2016; Stockwell et al., 2016), contributing to the
400 ppm Mauna Loa CO, concentration threshold being crossed (Betts et al., 2016).

These dry season fire events have happened in Sumatra since the 1960s (van Marle et al.,, 2017) and in
Kalimantan (Indonesian Borneo) since the 1980s (Field et al., 2009; Wooster et al., 2012) with intensifying land
use pressure, the most severe of which occurred under anomalously dry conditions associated primarily with
El Nifio. The strength of the 2015 El Niflo was comparable to the very strong 1997 event (L'Heureux et al.,
2017) and, like 1997 and 2006, co-occurred with positive Indian Ocean Dipole conditions, which are thought
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to intensify the drying effects of El Niflo over western Indonesia (Koplitz et al., 2016). The bulk of the emissions
are due to burning in degraded peatlands (Levine, 1999; Page et al., 2002; Parker et al., 2016). Fires lit on the
surface to clear agricultural and logging debris are more likely to escape and can spread underground into
the peat. There, they cannot be suppressed with conventional fire fighting and burn until the return of the
monsoon, which, during the most severe drought years, can be delayed until early November (Field et al.,
2016). During normal, non-drought dry seasons, fires are less likely to escape, and there is enough
precipitation to prevent most of the degraded peat from drying to its point of ignition (Field & Shen,
2008). This makes the interannual relationship between precipitation and fire emissions highly nonlinear
(van der Werf et al., 2008).

Operationally, the Indonesian Agency for Meteorology, Climatology and Geophysics, (BMKG, Badan
Meteorologi, Klimatologi dan Geofisika) monitors dangerously dry conditions using the national Fire
Danger Rating System (FDRS), alongside basic seasonal climate assessments. The FDRS is based on the Fire
Weather Index System developed in Canada and has been adopted for local use in the Indonesian fire envir-
onment (de Groot et al., 2007). Over the period 1996-2012, the ability of Fire Weather Index (FWI) System
components to explain interannual variability in fire activity was as strong over Indonesia as over any part
of the world (Bedia et al.,, 2015), with correlations between seasonal burned area and Fire Weather Index
exceeding 0.8 over much of western Indonesia south of the equator. We used the Drought Code (DC)
component of the Indonesian FDRS, which is its simplest component, and has been adopted to identify
the potential for peat burning and severe haze (Field et al., 2004). The DC is calculated each day from the
previous day’s DC, and the current day’s surface air temperature and daily total precipitation, and is a suitable
indicator of the moisture content of heavy surface fuels and peat down to a nominal depth of 18 cm (Wotton,
2009). Experimental comparisons of the Drought Code and measured peat moisture at different depths have
not been conducted in Indonesia, and its utility has rather been assessed through historical comparisons of
DC variability and severe haze. During the dry seasons of 1994 and 1997, severe haze from prolonged peat
burning was observed to occur when the DC was greater than 350 (de Groot et al., 2007; Field et al., 2004)
but not during the non-El Nifio dry seasons of 1995, 1996, or 1998. We used this threshold of 350 to interpret
the differences in DC between 2015 and 2016, in terms of fire activity and forecast skill. Other components of
the FDRS are used in Indonesia for distinct aspects of the fire problem, namely, the Fine Fuel Moisture Code
for fire starts in lighter fuels, and the Initial Spread Index as a difficulty of control measure in grasslands (de
Groot et al., 2007, 2005).

Our interest was in determining how far in advance, and with how much regional detail, dangerously dry
conditions in 2015 captured by the DC could have been anticipated using seasonal forecasts from a fully
coupled atmosphere-ocean model. This study builds upon previous work showing a high degree of predict-
ability using lagged sea surface temperature indices for fire activity over Kalimantan (Ceccato et al., 2010;
Wooster et al., 2012) and over the whole of Indonesia as part of a global analysis (Chen et al.,, 2016) and a
retrospective study of the 1997-2010 precipitation forecast skill over Kalimantan at a 3 month lead time using
the European Centre for Medium-Range Weather Forecasts System 4 seasonal forecast model (Spessa et al.,
2015). Operationally, the DC (and all FDRS components) can be forecast using the daily output from numer-
ical weather prediction models at different lead times. The rationale for dynamical FDRS forecasts lies there-
fore in their potential for seamless prediction across synoptic, subseasonal, and seasonal time scales, all of
which are relevant to fire management, in their ability to physically integrate the effects of climate signals
such as the Asian-Australian monsoon, the El Nifio-Southern Oscillation (ENSO), the Indian Ocean Dipole
(I0D), and the Madden-Julian Oscillation (MJO) across these time scales, in the expected skill improvements
in the underlying forecast models (Vitart et al., 2017) and in the growing adoption of the FDRS in Indonesia
among user agencies.

In this study, we considered the performance of DC forecasts from a single model, the National Centers for
Environmental Prediction (NCEP) Climate Forecast System version 2 (CFSv2) (Kim et al., 2012; Saha et al,
2014) using 2015 as a case study relative to the non-El Nifio dry season conditions of 2016. The skill of the
DC forecasts will depend strongly on the skill of the precipitation forecasts. For CFSv2, skillful seasonal predic-
tion of precipitation at least 4 months in advance over Indonesia is possible (Zhang et al., 2016), likely related
to improvements in ENSO forecasting (Barnston & Tippett, 2013) but limited by lesser skill in predicting Indian
Ocean sea surface temperature (SST) conditions for CFSv2 (Zhu et al., 2015) and other models more generally
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(Shi et al., 2012). Weekly precipitation over Indonesia could be predicted with lead times of up to T month (Li
& Robertson, 2015), likely related to skill with lead times of up to 17 days in predicting MJO events (Saha et al.,
2014), which is an important factor influencing the duration of fire and haze events in Indonesia via the
precipitation associated with eastward moving organized convection across western Indonesia (Reid
et al., 2012).

2. Methods

We calculated 6 month DC forecasts over Indonesia using temperature and precipitation forecasts from NCEP
CFSv2 (Saha et al., 2014). The CFSv2 is a comprehensive global climate model with coupled atmosphere, land,
ocean, and sea ice components. The CFSv2 is initialized with observation-based estimates of the state of
ocean and atmosphere and then advanced in time by integrating the equations of fluid dynamics along with
physics parameterizations of unresolved processes such as convection. The atmospheric component of the
CFSv2 has roughly 0.94° resolution in the horizontal and 64 levels in the vertical. Four seasonal forecasts
are made each day, initialized at 0, 6 12, and 18 Z with observational estimates of the state of the ocean
and atmosphere from the Climate Forecast System Reanalysis (Saha et al., 2014). We computed DC forecasts
for the subsequent 6 months using the forecasts of daily surface temperature and total precipitation. Each DC
forecast is initialized with the observed DC value for that day using data available from the Global Fire
Weather Database (Field et al, 2015) Modern-Era Retrospective Analysis for Research and Applications
version 2 (MERRA2) (Gelaro et al., 2017), the successor to the original MERRA version (Rienecker et al.,
2011) in Global Fire Weather Database (GFWED). MERRA2 tends to have higher land precipitation than
MERRA over Southeast Asia, but these differences are minimized over the specific regions considered in
our study.

Our focus was on the forecasts leading up to the severe 2015 haze, using the wet and largely fire-free dry
season of 2016 for comparison. We evaluated DC forecasts over the whole of Southern Equatorial Asia
(South EQAS, 10°S to 2°N, 94°E to 153°E), a region over which seasonal precipitation forecasting skill in the
region is typically described (Li & Robertson, 2015; Zhang et al., 2016). The South EQAS domain is a subregion
of the standard Equatorial Southeast Asia (EQAS) domain over which fire activity has previously been
described in the literature (van der Werf et al., 2010) but excludes Malaysia and northern Sumatra, which have
opposite rainfall seasonality due to the northward position of the Intertropical Convergence Zone (ITCZ)
during the August-October burning period that we focus on. Within Indonesia, we considered the severe
burning regions of Southern Sumatra, Southern Kalimantan, and Southern New Guinea (containing parts
of the Papua province of Indonesia and Papua New Guinea) to determine whether the DC forecasts were
informative at scales closer to the provincial and district-level regions at which fire management agencies
operate. These areas are shown in Figure 1b.

We first examined DC forecasts made in May, which correspond to a 3 month lead time prior to the onset
of severe burning in mid-August 2015 (Field et al., 2016) and are similar to the lead time examined in
Spessa et al. (2015) for previous fire episodes over Kalimantan. To capture the uncertainty in DC forecasts,
we constructed a 32-member ensemble using the forecasts initialized every 6 h between 1 and 8 May,
each with time-varying initial conditions. To account for observational uncertainty in the precipitation
from which the DC is calculated, we used four different DC estimates from GFWED: Climate Prediction
Center (CPC) gauge-only precipitation (Chen et al., 2008), MERRA2 reanalysis, whose precipitation is
constrained only indirectly by observations, MERRA2 gauge-corrected estimates, an early Integrated
Multisatellite Retrievals for Global Precipitation Measurement (IMERG) estimate (Hou et al., 2014), and a
final IMERG estimate which includes gauge-based corrections. We used Aqua and Terra Moderate
Resolution Imaging Spectroradiometer (MODIS) active fire detections as a metric of fire activity when
interpreting the evolution of the observed DC (Giglio et al, 2003). The active fire data are available at
a 1 km resolution, with their main limitations being underdetection of small fires, underground peat fires,
and fires obscured by thick smoke.

3. Results

Figure 1a shows the precipitation and peatland regions, and Figure 1b shows the MODIS active fires for
May 2015 while still in the wet season. The Intertropical Convergence Zone (ITCZ) was positioned

SHAWKI ET AL.

LONG-LEAD FIRE PREDICTION OVER INDONESIA 9998



@AG U Geophysical Research Letters 10.1002/2017GL073660

10°s

10°s

30

a) Precipitation from IMERG-Final, 01-May-2015 to 31-May-2015

H
G
(mm/day)

°E

100" E

105" E 110" E 115" E 120°E 125" E 130" E 135" E 140°E 145" E 150" E

b) Drought Code (DC) from IMERG-Final, MODIS active fires, 01-May-2015 to 31-May-2015

o 500
3 400

300

Southern
Sumatra

3
DC

200

Southern

. ' Kalimgntar et ', " : )
iy
DS,
7

100

Southern
New Guinea

95°

E

100" E

105" E 110" E 115" E 120°E 125" E 130" E 135" E 140" E 145" E 150" E

Figure 1. (a) Integrated Multisatellite Retrievals for Global Precipitation Measurement (IMERG) precipitation and peatland in grey shading and (b) Drought Code (DC)
and Aqua/Terra Moderate-Resolution Imaging Spectroradiometer (MODIS) active fires as black dots over Indonesia in May 2015. The DC was calculated from daily
IMERG precipitation and Modern-Era Retrospective Analysis for Research and Applications version 2 (MERRA2) surface air temperature. The grey boxes in Figure 1b
define the regions over which DC forecast skill is evaluated: South Equatorial Asia (EQAS), Southern Sumatra, Southern Kalimantan, and Southern New Guinea.

directly over Indonesia at that time, leading to uniformly low (<100) DC and very little fire activity. This is
in contrast to October 2015 at height of the haze event. There was a sharp north-south gradient from the
area of high precipitation (Figure 2a), low DC, and little fire activity north of the equator under the ITCZ, to
the area of low precipitation, high (>350) DC and extensive fire activity to the south (Figure 2b), modu-
lated secondarily by the orography of the islands (Wooster et al., 2012; Yamanaka, 2016). The difference
between May and October, and the regional variation during October, illustrates the relationship between
DC and fire activity.

Figure 3 shows time series of 2015 and 2016 Aqua and Terra MODIS active fire totals, observed DC from four
different estimates from GFWED, and CFSv2 DC forecasts for May initializations. In 2015 over South EQAS
(Figure 3a), fire activity increased significantly in the second half of August and into September, reaching a
maximum in October and dropping sharply in late October. The sharp increase in fire activity during
September and October corresponded closely to the sharp increase in regional pollution from the fires
(Field et al., 2016). The increase in fire was preceded by a steady DC increase across all four GFWED estimates
toward above threshold (350) values in early September. Over each subregion, the DC decrease lagged
behind the early November decrease in fire activity, which we interpreted as the DC capturing the moisture
content of peat to a depth below which the fires are actually burning. Over all of South EQAS, the lag in DC
decrease behind that in fire activity was also due to the inclusion of dry regions in the southern part of the
region where severe fire is absent (i.e., Java and Nusa Tenggara) due to the absence of intensive logging,
oil palm plantations, or timber plantations with which fire is strongly associated (Marlier et al., 2015) and
where the monsoon returns later than to the north. In 2016, there was far less fire compared to 2015, which
was reflected in the low (<200) observed DC levels. The spread in DC observations increased during dry
periods, likely due to the presence of localized convective rainfall, which will be captured to varying

SHAWKI ET AL.

LONG-LEAD FIRE PREDICTION OVER INDONESIA 9999



@ AG U Geophysical Research Letters 10.1002/2017GL073660

10°s

10°s

a) Precipitation from IMERG-Final, 01-Oct-2015 to 31-Oct-2015 30

95" E

100" E

105" E 110" E 115" E 120°E 125" E 130" E 135" E 140" E 145" E 150" E

Southern
Sumatra

300

DC

1200
Southern

Kalimgntas

100

New Guinea

95" E

100" E

105" E 110°E 115" E 120" E 125°E 130" E 135" E 140° E 145" E 150" E

Figure 2. Same as Figure 1 but for October 2015 at the height of fire activity.

degrees by the different types of observations. For context, the maximum DC averaged from a small group of
weather stations over Sumatra and Kalimantan was 500 in 1994 and 800 in 1997, both of which were severe
fire years (Field et al., 2004).

Across the large South EQAS region, the May 2015 DC forecast largely captured the timing, magnitude, and
decrease of the different observational estimates of DC through November. The 1o spread of the
32-ensemble members overlapped with the spread of the different observations, except at the DC peak of
~500 in late October when, aside from the MERRA2, the upper limit of forecast DC spread (~450) fell lower
than the observations. The May 2016 DC forecast peaked at ~200 compared to observed DC of 100-150, illus-
trating the degree to which DC forecasts for the strong El Nifio of 2015 differed from those of the neutral
ENSO conditions of 2016.

Within South EQAS, the May 2015 DC forecasts varied considerably in their agreement with observations.
Over Southern Sumatra (Figure 3b), the May 2015 forecast was in poor agreement with observed DC, lacking
the steady DC rise from August to October. This forecast missed the dangerously dry, peak DC between 450
and 600 entirely; the peak ensemble mean DC was 200, and there was no overlap between the spread in
observed and forecast DC. At lead times shorter than 90 days, however, the 2015 forecast over Southern
Sumatra was substantially better, which is discussed below. The May 2016 forecast was in better agreement
with observed DC, showing some differentiation between El Nifio and neutral ENSO conditions, but not to the
degree of South EQAS as a whole.

DC over Southern Kalimantan (Figure 3c), in contrast to Southern Sumatra, was well forecast in May, with the
different DC observation speaking near 500 at the end of October, and bound by the 1o spread across ensem-
ble members. The main limitation of the May 2015 DC forecast over Southern Kalimantan was that the
predicted ensemble mean DC decrease to below threshold levels at the end of October lagged behind the
observed decrease by 2 weeks. The May 2016 forecast captured the rise in DC to a peak of 200 but decreased
more slowly with the onset of the monsoon than was observed.
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Figure 3. Time evolution of weekly MODIS active fire totals (grey bars), observed

Drought Code (DC) from four Global Fire Weather Database (GFWED) estimates

(colored lines) and May DC forecasts (black lines) for 180 days from NCEP CFSv2
during 2015 and 2016 over the regions identified in Figure 1: (a) South Equatorial
Asia (EQAS), (b) Southern Sumatra, (c) Southern Kalimantan, and (d) Southern New

Guinea. The solid black line shows the mean DC forecast across a 32-member
ensemble drawn from forecasts made every 6 h between 1 and 8 May, and the
dashed lines show the standard deviation across the ensemble members.

The May 2015 forecast over Southern New Guinea (Figure 3d) showed
a DC increase toward above threshold values that was 6 weeks too
early and peaked at 900 compared to an observed range of
550-750. The different DC observations showed steady increases
through July and August, but punctuated by brief rainfall episodes
which lowered the DC. These episodes were presumably absent in
the forecast ensemble members, which translated into higher DC in
July and August, the effect of which was carried over into
September and November. Similarly, the May 2016 DC forecast was
too high compared to the observations, but, like Sumatra, improves
with shorter lead times and is discussed below. For both forecast
years, the spread across the 32 ensemble members was larger in
Southern New Guinea than in the other regions. The spread in the
observations was also particularly large; the gauge-based CPC DC
was significantly different than the other three versions, likely result-
ing from the region only having two rain gauges to represent the
entire area (not shown).

To assess the DC forecasts at different lead times, Figure 4 shows every
fourth (00 Z) DC forecast over each region for lead times of up to
180 days, along with the observed DC from MERRA2. Reading upward
from the observed DC on the bottom row, a perfect forecast would be
a continuous vertical line with the same color as the observation.
These plots allowed us to determine how the DC forecast varied with
lead time and identify at which lead time the forecasts captured the
transition from low to high (>350) DC in early September and the
termination of the event in late October/early November.

Over South EQAS as a whole (Figure 4a), the forecasts generally
captured the increase to peak DC of 400 in October with up to
180 days lead time. At greater than 90 days lead time, DC between
250 and 400 was forecast for July and August compared to an
observed range of 100 to 200, and there was more wavering between
moderate and high DC forecast for September and October. Both of
these issues lessened at lead times of less than 60 days, although at
that lead time the forecasts suggested a later-than-observed drop in
DC toward low wet season conditions, indicated by the rightward
slanting in forecast DC after October 2015. It was only with lead times
of ~20 days that transition back to low DC was forecast.

Over Southern Sumatra (Figure 4b) for lead times of greater than
90 days, there was some indication of moderately dry conditions
(DC > 200) for July and August, but, as seen in the May 2015 forecast
(Figure 3b), forecasts for September and October were below 100,
compared to observed values approaching 500. There was a sharp
transition, however, at the 60 day lead time mark. For lead times
shorter than this, the DC forecasts for September and October
exceeded 350 and approached 500 with 30 days lead time. The
November DC decrease corresponding to the onset of the monsoon
was also better forecast than for the whole of South EQAS, seen by
less rightward slanting in November and December for increasing

lead times. Over Southern Kalimantan (Figure 4c), like South EQAS, the high September and October DC were
predicted with lead times of up to 200 days, although the forecasts consistently predicted a later decrease in
DC with the onset of the monsoon than was observed in early November. In fact, the early November
forecasts were better at lead times greater than 90 days, compared to shorter lead times. The forecast over
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Figure 4. The 2015 and 2016 observed and forecast Drought Code (DC) for lead
times of up to 180 days over (a) South Equatorial Asia (EQAS), (b) Southern
Sumatra, (c) Southern Kalimantan, and (d) Southern New Guinea. In each panel,

the horizontal axis is target date, and the vertical axis is lead time. The bottom strip
is observed MERRA2 DC. Only forecasts initialized at 00 Z are shown. White diag-

onal gaps are due to sporadically missing forecast data.

Southern New Guinea (Figure 4d) persistently predicted DC exceed-
ing 500 for June through August with lead times of greater than
60 days compared to observed values between 100 and 300 but
captured the high September-November DC with lead times of up
to 200 days.

The overall performance of the DC forecasts during 2015 and 2016
largely tracked that of the CFSv2 Nifio 3.4 forecasts (Figure S1). In
2015, warm tropical Pacific conditions began to appear in late
summer and were reasonably well forecast starting in April 2015,
and the quality of the DC forecasts was also good. Forecasts of
ENSO conditions made earlier in the calendar year tend to suffer from
the effects of the “northern spring ENSO predictability barrier”
(Barnston & Tippett, 2013; Jin et al., 2008; Tippett et al, 2012), the
tendency of ENSO forecasts that cross through late spring and early
summer (roughly April through June) to have relatively lower skill
compared to those that do not. The skill of ENSO forecasts initialized
after this period is greater, the reasons for which remain an active area
of research. To varying degrees in all regions, the 2016 dry season DC
forecasts were too high for lead times greater than 60-90 days. This
deficiency was most pronounced over Southern New Guinea, where
above threshold DC was forecast with lead times of greater than
90 days, compared to observed values less than 100. In 2016, ENSO
forecasts made prior to April were especially poor, pointing toward
warm conditions when in fact neutral-to-cool conditions occurred.
Some of the poor performance in early 2016 may have been due to
the spring predictability barrier, and, in addition, an artificial cold
SST anomaly in the south equatorial Atlantic CFSv2 initial conditions
that caused its ENSO forecasts in February and March 2016 to be
substantially warmer than those of other models (http://www.nco.
ncep.noaa.gov/pmb/changes/downloads/CFSv2_Atlantic_cold_bias_
problem.pdf). These too warm ENSO forecasts were consistent with
the too high DC forecasts in early 2016 at lead times of greater than
60-90 days. The CFSv2 initialization problem was remedied in the
forecasts of 29 March 2016, after which CFSv2 ENSO forecasts
correctly indicated cool conditions, and the corresponding forecast
DC values in most regions were lower.

4, Discussion and Conclusions

For 2015 across the whole of South EQAS, the key feature of the fore-
casts was that the time evolution of the DC toward above threshold
(>350) values in September and October values was well forecast
with lead times of up to 180 days. This is consistent with previous
dry season precipitation forecast skill evaluations over longer time
periods, which showed strong correlations at lead times of up to
4 months (Zhang et al,, 2016) over roughly the same region. For
regions within Indonesia, the high DC in September and October
was seen with up to 180 days lead over Southern New Guinea and
Southern Kalimantan, consistent with Spessa et al.’s (2015) precipita-
tion analysis over 1997-2010 and with a substantially lower 60 day
lead time over Southern Sumatra.

In trying to understand the shorter lead times over Southern Sumatra, we note that dry season precipitation
and fire activity in that region are influenced by sea surface temperature conditions over both the Pacific and
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Indian Ocean basins (Abram et al., 2003; Thompson et al., 2001) to a greater degree than Kalimantan (Field
et al,, 2009) and, presumably, New Guinea, which are farther from the Indian Ocean. Thus, we suggest that
the ability to forecast DC over Sumatra likely depended more on the model’s ability to predict SST evolution
in the both the Indian and Pacific Oceans, rather than mainly the Pacific. Through August-October, there was
an observed eastward decrease in SSTs over the Indian Ocean associated with positive IOD conditions indi-
cated by strongly positive Dipole Mode Index (DMI) values and cool SST anomalies off of the southwestern
coast of Sumatra in September (Figure S2), which would be associated with reduced precipitation over
southern Sumatra. Our preliminary examination of the CFSv2 May 2015 SST forecasts suggests that indeed,
the shorter DC lead times over Sumatra were due to the absence of either or both of the eastward gradient
or cool SST anomalies off of the southwestern coast of Sumatra, as indicated by only weakly positive DMI
values in the May 2015 forecasts for each of August-October, which would be consistent with lower skill in
CFSv2 forecasts for Indian Ocean SSTs (Zhu et al., 2015).

That said, El Nifio forecasts such as that shown in Figure S1 in the supporting information will undoubtedly be
the starting point for any fire and haze early warning system over Indonesia. This case study comparing
2015/2016 DC forecasts provides the starting point for the development of seasonal fire danger forecasts
for fire prone regions within the country closer to the more local levels at which fire management decisions
are made, using predictions from a coupled atmosphere-ocean model. The development of such systems will
ideally alongside continual improvements to the FDRS in the form of field verification of its different compo-
nents. The credibility of such systems will be judged on an accurate description of their limitations. The onset
of high DC in Figure 4 was consistent with BMKG's precipitation forecasts at 1 month lead times (http://www.
bmkg.go.id/iklim/prakiraan-hujan-bulanan.bomkg). Longer-term characterizations of FDRS forecast skill are
necessary to quantify the skill and biases of seasonal fire danger forecasts and their dependence on the
underlying skill of SST forecasts over both the Pacific and Indian Oceans and to understand, for example,
whether the differences in seasonal forecast skill between Sumatra, Kalimantan, and New Guinea for 2015
are typical of previous years with low dry season rainfall. This would ideally be done with multiple forecast
models, whose ensemble mean typically has better skill than any single model alone (Robertson et al,,
2004) and provide improved uncertainty estimates (Tippett et al., 2012). Moreover, the initialization problems
with CFSv2 in 2016 highlight the value of multimodel approach in operational settings.

These forecasts are useful only if used to trigger prevention and prepreparedness measures. The regulatory
framework and guidance for these measures is becoming better defined, consisting of private sector equip-
ment, detection, prevention, and training requirements, although based on audits in 2014 at least, the extent
to which these requirements are being met, and their connections to early warning and detection is unclear
(Saharjo & Yungan, 2017). The growing adoption of Indonesia’s FDRS among user agencies has established a
basic understanding of the dry conditions under which fires occur. A seasonal FDRS forecasting approach will
help to spur prepreparedness and prevention activities; broadly disseminated seasonal FDRS forecasts can
serve as a starting point for more compliance monitoring at the start of each dry season when dangerously
dry conditions are expected and, for example, increased or reallocated resources of Ministry of Environment
and Forestry “Manggala Agni” Fire Brigades which reflect regional differences in the forecasts.
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