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Vegetation and their phenological activities are tightly coupled with the climate 

variability which acts as the primary limiting factor for vegetation growth and spatial distribution. 

The distribution and phenology of vegetation are currently under the threat of global warming in 

the recent decades. Global warming triggered the intensified climate extremes and anomalies 

such as El Nino Southern Oscillation (ENSO), which affects the global weather pattern. ENSO 

was modulated by the changes of the sea surface temperature in the Pacific Ocean, which 

redistributed the precipitation and temperature to create the weather anomaly pattern. Due to the 

control of the Pacific Ocean over the global weather, the impact of this anomaly can be felt 

globally. However, by looking at the process and built up of ENSO, the regions surrounding the 

tropical Pacific Ocean, including Indonesia, experienced a more direct change in weather that led 

to several socio-ecological impacts. 

Indonesia has been struck by several dominant ENSO, which created severe impacts in 

the region due to haze from forest fires. In addition, there is also a direct impact on the 

vegetation ecosystem due to the prolonged droughts and elevated temperatures. Efforts to 

monitor the impact have been conducted by using statistical analysis and remote sensing (RS) 

data to cover large areas, although the implementation is still limited in some aspects, such as 1) 

inconsistency in the data used which mostly used Normalized Difference Vegetation Index 

(NDVI), 2) lack of comparison with other available RS-based data, 3) lack of impact assessment 

from different magnitudes of ENSO, and 4) limited studies on the driving environmental factors 

that define the response of vegetation to ENSO. 



A wide range of NDVI products useful for deriving the vegetation trend maps was 

evaluated in term of consistency and fitness with the higher spatial resolution data such as NDVI 

from Landsat 5 TM and flux tower datasets. A series of statistical analyses such as correlation 

analysis, trend comparison using the Mann Kendall test, and the breakpoint analysis among the 

NDVI datasets were conducted and compared. Low to moderate agreements among NDVI data 

sets were found with the overall better fit among the newer NDVI products such as Moderate 

Resolution Imaging Spectroradiometer (MODIS) Terra/Aqua, Satellite Pour l'Observation de la 

Terre Vegetation (SPOT VGT), and Proba-V. In addition, the ordinary least square (OLS) 

regression between the NDVI products and Landsat 5 TM concluded the overall better quality of 

those newer NDVI products. However, the lack of agreements when presenting trends and 

breakpoints suggested that interpreting trend analysis should be carried out with caution and 

required comparison from the other data to avoid a wrong conclusion.  

Identifying the sensitive vegetation ecosystems in Indonesia and their spatial distributions 

are important to mitigate the negative impacts of ENSO. To account the possible inconsistency 

of the remote sensing data, the ENSO-and rainfall sensitive areas were identified by using three 

vegetation proxies from five different sensors, i.e. NDVI from Advanced Very High Resolution 

Radiometry Global Inventory Modeling and Mapping Studies (AVHRR GIMMS3g) and SPOT 

VGT, Enhance Vegetation Index (EVI) from EVI VIP and MODIS Terra, and Vegetation 

Optical Depth (VOD) time series data. Those datasets were linked with the multivariate ENSO 

index (MEI) and Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS)- a 

gridded rainfall data by using the Granger-causality analysis. The results of this study improved 

the results of the previous studies and identified savanna as the highly sensitive region across 

different remote sensing sensors. The progression of the cross-correlation coefficients during 0-

12 months concluded the link between ENSO-rainfall and ENSO-vegetation, which 

demonstrated that the strong negative correlation between ENSO-vegetation regions happened 

after the strong negative correlation between ENSO-rainfall.  

The impact assessments from ENSO at different magnitudes were rarely exposed, and 

most of the focus was directed by looking at the full time-series or looking at the strong ENSO 

magnitudes. However, ENSO temporal structures possessed distinct spatial-temporal 

characteristics, i.e. magnitude and duration. Therefore, we investigated the response of 

vegetation to the different ENSO magnitudes and durations by looking at the statistical 



properties of the cross-correlation coefficients and standardized anomaly values of NDVI, EVI 

and VOD. The analysis successfully characterized the connection between the duration of ENSO 

to the duration of anomaly values in the vegetation. The finding emphasized danger of a long 

duration ENSO event that would put vegetation into longer stress even though the magnitude 

was generally not strong.  

Environmental factors such as precipitation and temperature have been thought to act as 

the limiting factor of vegetation growth and distribution. To investigate other environmental 

factors, topographic configurations and vegetation cover density were incorporated to investigate 

the relationships with the response of vegetation to ENSO. Linear and non-linear models were 

employed to explain the cross-correlation coefficients of ENSO and vegetation. Both models 

suggested that averagely 30 % of the variance of the significant vegetation response to ENSO 

could be explained by the environmental factors. Temperature variables followed by rainfall 

characteristics became the main variables defining the response, although, at the early lag time, 

topography and cover density played a role in some of the models.  
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