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EI-Nino southern Oscillation (ENSO) is a widely aokledged global climatic phenomenon caused bypara
increase of sea surface temperature in the tropmaific. The ENSO phenomenon has effects througheuvorld
and one of these effects is redistribution of rainffom Indonesia, New Guinea and Australia irfte Pacific and
to the pacific coast of South America. This redhstiion leads to drought conditions in wide areBSauth-East
Asia. The goal of this study was to investigate tmduantify the relationship between variabilifyElNSO and
drought events over Indonesian archipelago. Westigeted the teleconnection effect between vegetactivity
and ENSO by calculation of correlations betweennMized Difference Vegetation Index data derivesrirthe
Advanced Very High Resolution Radiometer (AVHRRHawo ENSO indices, Sea Surface Temperature Anoma-
lies (SSTA) and Southern Oscillation Index (SO tfee period 1982-2003. Correlation analysis res@al strong
relationship between the analysed variables inseshvariability and amplitude. The results indecabnsiderable
influence of SST and SOl in the tropical Pacifictbe vegetation conditions over Indonesia. The makSO im-
pact over the Indonesian archipelago was a protbdge period with anomalously low amounts precigpita. The
net effect of these changes was a significant dseran the NDVI value throughout the affected arBasels with
statistically significant correlation coefficientgere considered to represent territories affecte@NSO. These
territories were mapped and measured. The studplestted the relationship between the intensigNs0-events
and the dimension of area affected. The resultisisfstudy serves to a better understanding tlggnoaind driving
forces of droughts in South-East Asia as well &wtsfto estimate their impact on the vegetatioveco

AHanu3 BnuaHua Anb-HUHLO
Ha COCTOsIHMe pacTutenbHocT B UHOOHEe3UNn
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Onb-HuHbO — (peHOMEH PE3KOro yBeIMYEHHs TeMIlepaTypbl BOAbl MHpPOBOro OKeaHa B 3KBATOPHAIBHOM IIOSICE,
BBI3BIBAIOIINI HEOXKHJAHHBIC N3MEHEHHS TJI00aIbHOTO paclpeeeH s OCaIKOB Ha CyIIe, CIEACTBHEM Yero mpes-
TIOJIaraloTCs 3aCyXM BO MHOTHX pernoHax 3eMHoro mapa. Llenpio naHHOro ucciieioBanus ObUIO BBISIBICHHUE 3aBH-
CHUMOCTH MEXy HHTEHCUBHOCTBIO M 4acTOTOW Diib-HUHBO M MEeTeOoposIornuecknx 3acyx Ha OCcTpoBax MHpoHe3mid-
ckoro Apxumnenara. B mccienoBaHun NpoBeAeH aHANIN3 KOPPENSAIMH BPEMEHHBIX PSIOB aHOMAJUH TeMIIepaTyphl
TIOBEPXHOCTH BOJBI M aTMOC(EPHOTo JAaBJICHHS Ul SKBaTOpUAIBbHOW obOmactn THXOro okeana ¢ HOPMaJHM30BaH-
HeIM U depernmanbaeiM nHaekcoM NDVI s repputopun Manone3nn, oxBaTeiBaronmx mnepuoa ¢ 1981mo 2005
rozel. KoppensiuoHHbIH aHalu3 yCTaHOBHJI TECHYIO CBsI3b Mexay uHAekcamu Dib-Hunbo m NDVI, kak s me-
PHOIMYHOCTH, TaK M ISl aMIUTUTYIbl YKa3aHHBIX IIEpeMEHHBIX. /l0Kka3aHO BIMSHHUE TEeMIIEpaTyphl BOJHON MOBEpPX-
HOCTH M aTMOC(EpHOro AaBJCHHUS B O0JACTH HKBaTOpa THXOro OKeaHa Ha COCTSHHE PACTUTEIBHOCTH OCTPOBOB
Wunonesnn. 3naunrtensuoe cawkenne NDVI, nabironaemoe B mepuoasl Dinb-HuHbo, 00yciIoBI€HO METEOpOIory-
YECKUMH 3aCyXaMH, SIBJISIOIIMMUCS PE3yJIbTaTOM IepepactpezeneHus ocaakoB B FOkHoit yactu Tuxoro okeaHna.
BeIsIBICHBI ¥ KapTUPOBAHBI IJIOMIA/AN, OXBaUCHHBIE 3aCyXON Ul KaXKAOro rnepuona Dib-HuHbo. ¥YcraHoBIEHa 3a-
KOHOMEPHOCTh MEX/y HHTEHCHBHOCTBIO DIib-HUHBO ¥ BEMTMUMHON IUIOMIaIel, MOJBEPKEHHBIX ero BIUsHUIO JlaH-
HOE WCCIIEZ0BAHUE CITYXKHT YITy4IICHUIO IOHUMaHUsI MEXaHn3Ma BO3HUKHOBEHUs 3acyx u KOro-BocrouHnoii Azun n
OLICHKHU X BIIMSIHUS HA PACTUTENBHBII ITOKPOB.
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Introduction

From current published studies it is known that\bgetation on the surface of the Earth is rapidly
changing. Change is occurring to the phenologylistribution of vegetation on the Earth surface &nd
the annual dynamics of photosynthetic activity legetation. These changes are both natural andoanthr
pogenic nature. Driving forces whose influence egetation cover is very strong are periodical short
time climate fluctuations such as El Nino-South@srcillation (ENSO) events. A typical characteristic
of this cycle is the emergence of huge mass of wamth cool water in the central and eastern tropical
Pacific. The ENSO phenomenon is a coupled atmosplard oceanic mechanism responsible for
changes in the Walker cell circulation system thed effects throughout a vast area of the worl®[1,
3]. One of these effects is to shift rainfall distition from Indonesia, New Guinea and Australim ithe
Pacific and to the pacific coast of South AmeriCae total societal impacts of the ENSO are estidhate
in billions of dollars. For example, the resultampact of the largest ENSO event of the twentieth-c
tury (June 1997 to May 1998) killed about 2100 pe@mnd caused at least 33 billion US dollars irppro
erty damage [3].

There is a great demand for a better understanidengature of impacts of ENSO events on the eco-
system as a whole system and on the vegetatiom esvan important component of this system at alll
scales from global to regional and local. This ust#nding requires detailed investigations on #gev
tation response to ENSO events. On the one hawayléage of this response holds the potential fer di
crimination of threatened areas and forecastindpofiage grade by ENSO events. On the other hasd, thi
knowledge subsequent improves planning of protecisangements. Another benefit is associated with
forecasting of regional agricultural yields for EQIS/ears what improves planning for food supply for
times of food scarcity.

Satellite remote sensing has been widely used @mitoring impacts of ENSO on vegetation cover.
Commonly, these studies used data time series fh@mAdvanced Very High Resolution Radiometer
(AVHRR) in combination with any conventional ENS@lex. The AVHRR product usually used for these
investigations is the Normalized Difference Vegetaindex (NDVI) which proved to be a good general
surrogate for vegetation activity [4, 5]. The méjoiof the remote sensing research that has examine
ENSO-vegetation variation relationship has focused\frica and North America [6, 7, 8, 9]. Only avfe
studies have concentrated on Southeast Asia atidydarly on the Indonesian archipelago [10, 11].

The goal of this study was to analyse and desdhibevegetation response to anomalous climate
conditions in Indonesia throughout the period 082-2003. We investigated the teleconnection effect
between vegetation activity and El Nino-Southernciladion calculating cross-correlation between
Normalized Difference Vegetation Index data and BNfdices for the period 1982-2003. We deter-
mined, mapped and measured areas affected by &80 Event from the study period. Threshold val-
ues of vegetation sensitivity to climate fluctuaoavere computed for each vegetation type.

Data used in the study
GIMMS NDVI dataset

To monitor temporal variations in vegetation atyivive used the Global Inventory Monitoring and
Modelling System (GIMMS) NDVI dataset compiled etGIMMS research group from the data deliv-
ered by the Advanced Very High Resolution Radioméd/HRR) launched by the National Oceanic
and Atmospheric Administration (NOAA) in 1978. Tdata, at 8-km spatial resolution, are originally
processed as 15-day composites using the maximiue paocedure to minimize effects of cloud con-
tamination [12]. For this research, we created higntomposites from two 15-day composites in any
given month to further minimize the effects of adsuon the vegetation signal. These monthly NDVI
data for consecutive three and twelve months weeeaged to generate seasonal and annual NDVIs for
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each year. The dataset covers the period from 1682003. Additionally, we have calibrated the
GIMMS NDVI data against three time invariant desargets using a method described by [13].

ENSO indices

There are different ways to describe the phaseiatedsity of a particular ENSO event. most
widely used methods implement proxies — so calteiteés which are built e.g. on basis of anomalfes o
climatic factors measured in the Pacific oceanfadar Temperature (SST), the Southern Oscillatien In
dex (SOI) and Outgoing Long-wave Radiation (OLR)ptesent study we the SST and SOI were used as
ENSO proxies. The SOI refers to standardized diffee in sea level pressure between the eastern and
western Pacific and is computed as:

SOl = 10* [dp(Papeetg - dp(Darwin)]/ o (1)

The associated measurements points are locate@peeP(Tahiti) and Darwin (Australia). High
negative values of SOI (< - 10) and positive an@sabf SST (1.5 — 2°) indicate a warm event i.e. El
Nino. The correspondent high positive values of &@d negative anomalies of SST indicate a cold
event — La Nina. The fluctuations in the chosence®l have been shown to be significantly correlated
with global scales precipitation anomalies throughe tropical belt and thus reflect the interactof
ocean-atmosphere system with teleconnection effaas the land in the form of precipitation redistr
bution [3].

The data comprised monthly values of both indiaet @vered the period of 1981-2005. The data-
set of ENSO indices is freely available in Interoetthe web-side of NCEP. The SST data are assdciat
with the NINO 3.4 ENSO monitoring region locatedtle eastern equatorial Pacific between 5° S to 5°
N latitude and 120° W to 170° W longitude and issidered to be the most sensitive to the fluctaatio
duration, and magnitude of ENSO events. The SSNINO 3.4 has already been recently used in stud-
ies of relationships between ENSO and vegetatiorabiity from different regions in Africa, North
America and South America [6, 7, 8].

M ethods

The main aim of present work is to study telecohioeceffects between variability in vegetation
cover properties represented by NDVI and varighiitENSO represented by SOI and by SST of NINO
3.4 and to define areas which exhibit high vulngitglto ENSO. To reach the goal we used the well
known approaches such as time series analysisa@anelation analysis. The data were analysed aethre
spatial scales (average of Indonesia, averagedfidnal land cover classes, per-pixel) and at tive-
scales (monthly scale within individual ENSO evamter-annual scale comprising mean annual values).

The data analysis at monthly time-scale is perfdrmsing the mowing window correlation tech-
niques (MVS). This technique disaggregates globalistics and calculates a local cross-correlation
separately at every point of the time series. Hdoats correlation analysis on a window which iscimu
shorter than the entire time series data. We caedpobrrelations between spatially averaged monthly
time series of NDVI anomalies and the ENSO indiwgh a lag range of -2 to +2 months and a window
size between 24 and 40 months. Application of littsl correlation technique enabled to identifyos-c
relation coefficient at every time-point (month)tbke study period. The MWC should highlight tempora
non-stationarity in the relationship between vasalto be analysed. We supposed that vegetation re-
sponse to SST and SOI should be stronger duringCENfisodes and weaker during non-EI-Nino
months.
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To investigate a relationship between inter-anwaaiabilities of NDVI and ENSO, the correlation
analysis was performed using generated time sefiesean annual NDVI and corresponding means for
each of the ENSO proxies. For calculation of witevent correlation, we utilized monthly values loé t
years of a certain ENSO episodes. These procesees carried out for data both spatially averaged
over the whole Indonesian archipelago and at pestmcale. Significance at the 5% confidence level
was used as a criterion for the analysis. Areas swgnificant correlations were mapped and measured

Results
Dynamics of NDVI, SST and SOI during the period212803

Figure 1 shows 22-year courses of monthly stangeddNDVI anomalies versus SST anomalies and
SOI. One can observe a clear relationship betwempdral patterns of both ENSO proxies and NDVI
anomalies. During the time between 1982 and 200@priesia has experienced at five EI-Nino events
and EI-Nino-like years. The most significant ofrthare associated with the years 1982-83, 1987-88 an
1997-98. The lowest SOI and the highest SST wesergbd in 1982-83. However, the longest warm
episode occurred in 1997-1998 and it is considagethe worst known in the history since the begmni
of instrumental weather observations. A number ezfrg within the study period exhibited EI-Nino-like
conditions or weak warm events. These are 1991-H9@52001-2002. Due to a number of years with
EI-Nino-like conditions in 1991-1995 it is possilite consider the 1997-1998 ENSO as part of a longer
cycle that has been developing through much ofdbéade: since 1991, the SOI had been overwhelm-
ingly negative.
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Figure 1. Monthly time series of area-averaged dtadized NDVI anomalies versus SOI (a) and versasmalies

of SST in NINO 3.4 (b) for the period 1982-2003 Qarrelation of the SOI and spatially averaged NBWoma-

lies from 1982 to 2003, calculated for 30-month mmgwvindow at lags ranging from 0 to 2. (d) The saas in (C)
but for SST anomalies and NDVI

Negative NDVI anomalies with values under -1 staddeviation are strongly associated with warm
ENSO events and thus with negative SOI. Negativd/N&nomalies of high magnitude are associated
with the values of the SOI under -15-20 and withhpositive values of SST e.g. during warm evefts o
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1982-83, 1986-87 and 2001-2002. The absolute mmimtiNDVI for the study period (< -2) was ob-
served during 1997-98 El Nino associated with mgn80OI values under -20 and SST anomalies over
2°C.

Relationships between monthly anomalies of NDVItaedENSO proxies

The analysis of the monthly time series of the Nvibmalies and the both ENSO proxies revealed
presence of relationships between them. Thesdoredaips seem to vary in time. It was apparent that
during a certain ENSO episode the relationshipewéionger than in during the inter-phase timeorin
der to investigate the strength and variationshisf telationship, we applied a moving window regra@s
for calculation of correlation coefficient betwetre time series of spatially averaged NDVI anorsalie
and the two ENSO indices. Having tried differeesof the moving window (from 12 to 48 months) and
different lag range (from -3 to 3 months), we fouhd best correlation coefficients for every moatin-
ing the period 1982-2003. The results of computatiare presented in Figure 1 (c, d). The results al
lowed monitoring of not only the relationships Beparate ENSO events, but also for the “normatésta
of system. The vegetation response to EI-Nino &ffdaring cold events was also apparent. The aflue
the correlation coefficients varies from one motihanother but its time series exhibit clear patter
throughout the entire study period. This patterragsociated with ENSO parameters. Obviously, the
highest positive values for NDVI-SOI correlationdatine lowest negative values for NDVI-SST correla-
tion are bound to the strongest ENSO events of -B3and 1997-98. The values of correlation coeffi-
cient during the weaker warm ENSO events were ereihatistically significant nor consistent, wherea
some cold ENSO events have shown statisticallyfgignt correlation.

From Figure 1 is apparent that the NDVI anomaliesewpredicted by variability in the SOI during
more than 5 years of the last decade of the 2Qugentigh correlation coefficients are associatethw
the period between 1992 and 1998 with a shortrunpéion at the end of 1994 - start of 1995 and the
maximum values at the end of 1997 -start of 1998s Tevises the cumulative impact of the last Ilsirge
EI-Nino event. The time series of correlation cioefht devise the 1997-98 EI-Nino event as a p&# o
longer cycle that has been developing through nuidihe decade. Since 1992, the signal of the ENSO
in the variability of NDVI is evident. But the mostignificant impact is associated with 1996-199&mwh
the correlation coefficient achieved maximal vald@sthis period. For the relationship between NDVI
and the SST anomalies, the duration of the peritld significant correlation was shorter. It contau
from the end of 1996 to the begin of 1998, othergdrom the ENSO cycle of 1991-98 did not exhibit
significant correlation. The results clearly dentogied that the 1982-83 event was more intensetti@n
1997-98 event. It was apparent from higher cornlacoefficients between NDVI anomalies and the
SOl associated with the first. However, the seceweht considered to have a far greater impact en th
environment due to the cumulative effect described.

The 1982-83 and 1997-98 ENSO episodes

Generally, most EI-Nino events persist for aboutear and typically occur 3-5 years apart. Even
though no two EI-Nino events are ever the samdégey significantly vary in their duration, intensity
pronounce and environmental impact, - we have setire previous sub-section, certain patterns i va
ability of ENSO indices are discernible. These gra# seem to be associated with patterns in NDVI
variability over the study period. One such sigaifit pattern is that EL-Nino episodes are generally
phase-locked to an annual cycle. Most events begihend during the period between March and June.
In order to “scale down” from the entire 22-yeagesiqd to the period of divided events, we extradtex
1982-83 and 1997-98 EI-Nino events and analyseah there closely. According to SOI, the 1982-83
EI-Nino episode began between May and June (Figueg. The SOI rapidly declined from -3.8 in April
to -8.2 in May and -20.1 in June. During the summenths, the SOI continued to decline and reached
its first deep minimum in August (-23.6). The setoninimum was reached in November (-31.1), and
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finally, the absolute minimum for this ENSO evergsaobserved in February (-33.3). Thereafter, the SO
rose sharply to 6 in May but declined again to tiegavalues in June-July and changed to positive in
August-September. The SST of equatorial Pacificabeg rise in May-June and reached the maximum
in January exhibiting an anomaly value of + 2.8fgFe 2, a). After that, the SST had gradually de-
clined during the following months until it reachieslnormal value in July.
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Figure 2. Monthly time series of standardized NRXbmalies versus SST anomalies and SOI during N&CE
events of 1982-83 (a) and 1997-98 (b)

Temporal patterns in NDVI anomalies during the 1882are strongly associated with that of the
ENSO indices. In order to prove this associati@tistically, we carried out simple correlation as#.
Correlation coefficients were computed for NDVI anadies and SOI as well for NDVI anomalies and
SST. The results confirmed that the relationshifween these variables is statistically significand
strong (Table 1). From the graphs of time-serie®, may propose a time-lag between the ENSO event
and the response of vegetation to its impact. Retde highest value of correlation coefficientuietn
the NDVI anomalies and the ENSO indices has bebmewaed with a time-lag of 1 month imposed to the
NDVI data. About 45% of all variance in the NDVIa@nalies are explained by the SOI, whereas about
55 % are determined by variations in SST. Accordm@Ol values, the 1982-83 EI-Nino episode was
shorter but more intense than the 1997-98 (Figug).2By contrast, the 1997-98 EI-Nino began earlie
in the year, continued longer and was charactefizetvo distinct periods of intensity: May-June 799
and January-April 1998 (Figure 2, b). Due to itslpnged effect, the 1997-98 EI-Nino episode had the
far greater impact on the environment. The NDVIraalies fell under the value of -0.08, whereas that
computed for the 1982-83 episode had not fell ur@ed6. The relationships between NDVI and the
ENSO indices are strong and statistically significat 0.05 confidence level. The SOI has explained
about 25 % of variance in NDVI during the yearshaf 1997-98 ENSO event (Table 1). More than 44 %
of variance in NDVI is explained by the Sea Surfaemperature. Other ENSO events from the study
period, the 1986-87, the 1991-92, and the 2001h8%e not exhibited such clear temporal patterrihas
two strongest episodes from 1982-83 and 1997-9&ir Timpact on the pattern of spatially averaged
NDVI anomalies is either weak or statistically s@nificant.

Table 1. The values of R? between time seriesatibfly averaged NDVI anomalies and the ENSO prexie
for warm ENSO events within the period 1982-2003.

ENSO event | 1982-83 1986-87 1991-92 1997-98 2001-02
SOl 0.44 0.17 0.28 0.34 0.11
SST 0.54 0.14 0.31 0.42 0.12
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Detection of areas showing high vulnerability to &N

A warm EI-Nino event produces a decrease in pratiph over a wide area. However, the effect is
never total but always scattered, with some lgealifar less affected than others and some laesliti
quite not affected. The results clearly indicatat tthere were significant variations in the peragatof
affected pixels between affected areas associaittd diiferent ENSO events (Figure 3). The highest
percentage of affected pixels is associated weh1®07-98 ENSO episode (Figure 3, d). Over theeenti
study region, 54.14 % of all pixels showed sigaifit correlation with the combination of the ENSO in
dices. The lowest percentage is associated witil#84-92 ENSO event (Figure 3, c). This EI-Nino
warm episode affected about one-third (32.11 %efentire territory of Indonesia. The ENSO episode
of 1982-83 and 1987-88 exhibited 38.03 % and 3820espectively (Figure 3, a, b).

4 198283 e et v £ 199102

Figure 3. Spatial distribution of areas showing igsponse to (a) the 1982-83, (b) the 1987-88h)1991-92,
and (d) the 1997-98 ENSO events

With respect to spatial distribution of areas a#dcduring any ENSO event it was an important
guestion whether this distribution varies randoomthere is some pattern in these areas recogaifabl
every EI-Nino episode. In order to prove this, voenpare maps of the high response areas for ditferen
ENSO events and detected frequency of occurrintgeaper-pixel scale. The results are demonstrated i
Figure 3. Even though the spatial distribution leé high response areas for every EI-Nino event seem
to be like but the intersection of the maps displthat only a small part of the entire Indonesieshia
pelago revealed high response during all five EN&@nts. According to our measurements, only 4.57
% of the entire area of Indonesia experienced faignit impacts of all five EI-Nino warm events cgi
the period 1982-2003. About 10 % of all vegetateelp showed high response during three ENSO
events, and 27.62 % of all pixels were affectednduat least two ENSO episodes.

The results demonstrate that, even though all B&Nmpacts occurred in Indonesia not everywhere
and not with the same devastating effects, thezeaegas which were affected during more than one El
Nino event. This indicates a presence of strongepe in distribution of areas of ENSO impactssit
appropriate therefore to consider these impactsaasacore regions of vulnerability to ENSO dynamic.
Most of these pixels are concentrated in the soatpart of Borneo, in north-east and north of Suenat
and Java and in south of New Guinea. These regiansbe considered to be high exposed to ENSO.
Most devastating effects on ecosystems are to ekpee.

The distribution of other areas localized out @& tore regions seems to be random. It means influ-
ence of other than ENSO factors on vegetation covéitese areas. These other factors amplify abiinh
the response of vegetation cover to a particuleiib event. The influence of these factors carsugg
gested to present a sequence of human activityffereht parts of the country or effect of fireshe lit-
erature reported about severe fires in forestegisané Indonesia associated with EI-Nino years. &g
est fires in recent history occurred during the 2t88 EI-Nino when an estimated area of 3.5 million
hectares burnt. The 1997-98 ENSO is also charaetetyy severe fires. An assessment of area burnt
comes to 9.5 million hectares. There were lessigite fires in 1987 and 1991 [14].
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Conclusions

This study has demonstrated that there is potemtialsing NDVI for monitoring the effects of
ENSO-induced drought stress on tropical regionse NDVI data derived from the Advanced High
Resolution Radiometer (AVHRR) were successfully loimad with the southern oscillation index and
sea surface temperature anomalies to model theotelection effect and to detect vegetation areas of
high response to unfavourable climatic conditioasised by ENSO events during the period of 1982-
2003. The results of this study may be helpfulféwecasting of the devastating EI-Nino impact ogese
tation cover in Indonesia and can be used for [pgnof protection arrangements.
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