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Abstract 

The drought has been known to greatly affect agriculture sectors particularly in rice production 

in Indonesia. To identify and characterize the drought in term of duration, length and severity 

are challenging. Although some research had been conducted in Indonesia by using various 

drought indicator, it is a necessity to find the best indicator to monitor and assess the drought 

impact for the agriculture sector. This study examines the 2015/2016 drought characteristic by 

using remote sensing and hydro meteorological indices in downstream of Citarum River Basin. 

The SPI, ETa anomaly, VHI, VCI and TCI indices were selected to characterize the 2015/2016 

drought event. Furthermore, this study was also extended to identify what kind of information 

related to the drought indicators is needed that can help stakeholders for a better drought 

management. 

Time series precipitation data from 1981-2016 were collected from weather stations and 

CHIRPS. Those were used to calculate SPI in different time scale 1, 3 and 6 months.  While 

ETa data were collected from ALEXI from 2005-2015 to computed ETa anomaly in percentage. 

In addition, Landsat 8 satellite images were downloaded to compute VCI, TCI, and VHI as 

drought indices based on agriculture condition. Historical extreme drought events have been 

detected in the region for six to eleven times for the last 35 years while moderate to severe 

drought have shown a high frequency occurrence. The analysis of meteorological indicator 

shows that drought impact are more severe in downstream of CRB located in Karawang, 

Subang, and Indramayu districts. Further, The 2015/2016 drought event was detected from May 

to October 2015. The highest SPI-1values in this period mostly appear in October and 

December were recorded at Karawang (-2.09), while at the same time SPI -3 and SPI-6 were 

recorded -1.64 and -2.09 respectively. Meanwhile, % ETa anomaly captured slightly different 

result comparing to SPI. The highest % ETa anomaly was recorded 46% in September at Subang 

district. The drought mainly occurred from August till December with mild to moderate 

magnitude. Moreover, VCI, TCI, and VHI indices examined that the crop condition in the 

current period were affected by moderate to severe drought. The VCI indicated that the 

agriculture area suffered from the severe drought in August till December 2015. The mean VCI 

value in that period were 17.41, 15.63, 16.13, 18.60, and 19.74 respectively. From the TCI 

output, the drought impact have shifted from the downstream in August to the centre of CRB 

in October 2015. More than 25% of the CRB suffered from moderate to severe drought 

condition. VHI value indicated Indramayu district was the most affected in August and 

September 2015, while, the upstream of CRB suffer from severe to extreme drought.  

This study reveals that VHI, VCI are suitable to characterize agricultural drought especially for 

rice field. In addition, stakeholders for agricultural activities in CRB have a difference desires 

related to the drought indicator information. National government and PJT II are willing to get 
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more scientific information and data while farmers and local government tend to get the 

simplification of drought information with a modest description.   

 

Keywords: Drought monitoring, characterization, indicator, remote sensing, agriculture.  
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CHAPTER 1  

1. INTRODUCTION 
 

 

1.1. Background 

Drought is one of the natural disasters that cause significant losses for agriculture production 

in the world. The effect of drought on agriculture is massive and remarkable. In the end, it will 

contribute to the economic loses around the world.  For the past 20 years (1995 – 2015), 

Emergency Event Database (EM-DAT) recorded more than 334 times of drought occurrence 

that affected more than 1 Billion people, with economic loses around US $ 110 Billion 

(UNISDR, 2015). Wilhite (2000), defines drought as the impact of a natural reduction of rainfall 

received by an area over a period of time, for example, monthly, seasonal, or more, although 

other climatic factors such as temperature, humidity and wind speed may worsen the drought. 

Increase in socio-economic activities are one of the main factors that worsen drought impact 

Khalis (2008), 

Moreover, studies using different climate prediction models have indicated that the drought 

frequency and severity have increased as a response to climate change (Waseem et al, 2016). 

Furthermore, climate change will lead to the increase of extreme weather, change of rainy 

season pattern, and increase in the climate anomaly such as El-Nino Southern Oscillation 

(ENSO) and Indian Ocean Dipole (IOD) (IPCC, 2007). In conclusion, it will lead to change 

(reduction or increase) in the amount of precipitation and evapotranspiration. These changes 

which tend to the reduction of precipitation may enlarge drought impact in the areas which have 

not been affected before.  

Drought has a different effect in every stage of crop growth; in the end, it will reduce the grains 

which affect the productivity or crop yield (Haefele et al, 2009).  For example, water shortage 

in a growing crop after the flowering stage can reduce the grain filling and cause low crop yield 

(Cai et al. 2006). Identification and monitoring of this event may have a big contribution to 

evaluate the drought severity and impact for agriculture in the future and to reduce the impact 

of agriculture activities. The drought severity and impact has been monitored using ground 

observation mainly for meteorological (Palmer, 1965) and agricultural drought (Gallagher et 

al., 1976) as noted by Aghakouchak et al (2014). Several methods have been developed to 

monitor and assess drought condition especially by using indicators to characterize the drought 

in a region. Drought monitoring from ground observation depends on the rainfall and runoff 
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data. However, the lack of quality data in-ground base observation such as a limited instruments 

to measure in a large area and unavailable data in near real time has become a challenge to 

develop more comprehensive drought analysis (Aghakouchak et al 2014).  

Remote sensing based analysis has emerged as an alternative that can cover a larger area to 

monitor and assess drought. Remote sensing data provide a comprehensive-view of earth 

surface, which enables to analyse the information in hydrological and administrative 

boundaries. Drought indices from remote sensing have been developed to analyse the drought 

duration, severity, and impact (Thiruvengadachari and Gopalkrishna (1993) cited by 

Thenkabail et al, 2004). Some commonly used indices are normalized differentiate vegetation 

index (NDVI), land surface temperature (LST), vegetation condition index (VCI), temperature 

condition index (TCI) (Sivakumar et al, 2011, Thenkabail et al, 2004). The difference between 

precipitation and evapotranspiration has become the cornerstone for scientists to develop and 

apply these indices. Meanwhile, Satellite data from remote sensing are now available and 

mostly free at shorter time scale (daily, weekly) which is very suitable for drought monitoring 

in near real-time (e.g.  Lines et al, 2017, Thenkabail et al, 2004).  Hence, the combination of 

ground measurement and remote sensing strengthen the accuracy and reliability of the drought 

analysis. 

1.2. Problem Statement 
Most of the developing countries still need to improve their drought management system, 

especially for agriculture. The lack of drought management, infrastructure, and human capacity, 

and climate change impact have increased the vulnerability in the drought-prone regions and 

the impact seems to be more severe over time. These countries mostly do not have adequate 

drought management systems including drought monitoring system and only respond to 

drought in reactive and sporadic management mode (Wilhite et al, 2014). By these ad hoc 

reactions, there is a lack of prevention actions to anticipate the upcoming drought. The effort 

was mostly focused on minimizing the impact, which results in higher cost recovery in the long 

term. 

In Indonesia, drought greatly affects the paddy field area. Historically, although every year 

paddy field is affected by water shortage especially in the centre of rice field region,  the greatest 

drought event that affected agriculture in Indonesia were recorded in 1988, 1991, 1997, 1999, 

and 2003.  Recently, one of the biggest drought events occurred in 2015. The precipitation 

dropped up to 22% and the rainy day decline to 30% particularly in the dry season (April – 

September) (BPS, 2015). In some region, a small reduction of rainfall from the normal 

condition may have a massive impact on the socio-economic activities including agriculture 

sector. Generally, it depends on the water resources, agricultural irrigation scheme and water 

demand in the region. The El-Nino condition in 2015 was believed as one of the main factors 

that caused the drought in Indonesia. This phenomenon had affected around 597.200 ha of rice 

crop which resulted in the crop failure at approximately 217.000 ha (Ditjen TP, 2016). This 

widespread failure set a new record for drought impact on rice crop since 1997 with 509.278 
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ha affected and 86.650 ha crop failure.  The biggest area which suffered from drought in 2015 

is located in West Java Province (WJP). Despite there are three reservoirs (Ir. H. Juanda, 

Saguling, and Cirata Reservoirs) with total capacity 5.300 Mm3 located in Citarum catchment 

- WJP, the impact of drought on rice crop could not be avoided. The local agricultural 

department reported that the impact in the region was quite high with more than 127.400 ha 

affected and 47.244 ha crop failure (Ditjen TP, 2016). With the land ownership for rice crop 

approximately 0.3 ha per farmer, the 2015 drought had affected more than 426.000 farmers. It 

became a big concern of government to reduce the impact and minimize farmers loses.  

The current drought monitoring related to agriculture in Indonesia is mostly at the national level 

with reasonable accuracy. Moreover, there is still lack of adequate information related to 

drought information for farmers. The current information is yet difficult to access, presented in 

scientific terminology and lack of dependency by famers and relevant stakeholders in 

agricultural activities. 

This research examines the drought in CRB particularly the 2015/2016 drought event. It aims 

to identify and characterize the drought in term of duration, length and severity by using remote 

sensing and hydro meteorological indices. It will also determine the most suitable indicators 

that can be better used to monitor drought in the region. In addition, this research aims to 

identify and to understand what kind of the drought information are required by agricultural 

stakeholders in the region. 

1.3. Research Objectives 
The main objective of the study is monitoring and assessing the drought impact in Citarum river 

basin (CRB) West Java Province-Indonesia by using remote sensing and hydrometeorological 

analysis. The research will focus on 2015/2016 drought event that affected the agriculture in 

Indonesia. 

The specific objectives are; 

1. To characterize the drought in 2015/2016 in term of severity, intensity, and duration by 

using remote sensing and hydrometeorological data; 

2. To determine the most suitable indices that can describe the 2015/2016 drought event 

which could be used for the future drought management plan. 

3. To understand more the relevant drought information needed by farmers and decision 

makers to better prepare and manage droughts in the study region. 

 

1.4. Research Questions 
The research questions of this study are as follows: 

1. How severe, intense and long was the 2015/2016 drought event in CRB compared with 

the historical drought events? 

2. Which drought indices are the most suitable to examine drought in paddy field area in 

CRB? 
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3. What kind of information including drought indicators are required by farmers and 

decision makers for better drought information? 

1.5. Structure of the Study 
The research report is structured into 6 chapters. Chapter 1 presents the background information 

related to the current issue and challenge in the study area, the main objective and research 

question of the study. The drought definition, drought indices and recent study related to 

drought monitoring for agriculture in Indonesia are described in chapter 2. Chapter 3 presents 

the general information of the study area, methodology and tools approach, and strategy for the 

study. The result and analysis of drought indices can be found in chapter 4. The results are 

discussed the drought performance including the limitation based on the case of the study area 

in chapter 5. Finally, chapter 6 presents the conclusion and recommendations for drought 

monitoring and assessment for the agriculture sector in Indonesia. 
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CHAPTER 2  

2. LITERATURE REVIEW 
 

In this chapter, previous studies and research related to drought monitoring and 

assessment are reviewed. The chapter aims to give a comprehensive knowledge of how 

remote sensing and hydro meteorological indices is used to monitor and assess 

agricultural drought and how the previous drought monitoring in Indonesia. 

2.1. Drought Definition 

Natural Climate Variability

Precipitation Deficiency

 (Amount, Intensity, Timing)

High temperature, high wind, 

low relative humidity, greater 

sunshine, less cloud cover

Reduction of Infiltration, runoff, 

deep percolation, groundwater 

recharge

Increased evaporation and 

transpiration

Soil water deficiency

Plant water stress, reduce 

biomass and yield

Reduced streamflow, inflow to 

reservoirs, lakes and ponds; 

reduce wetland, wildlife 

habitat.

Economic impact Social impact Environmental impact

T 
I M

 E
 ( 

D
 U

 R
 A

 T
 I 

O
 N

 )

Socio-Economic 

Drought

Hydrological 

Drought

Agricultural 

Drought

Meteorological 

Drought

 

Figure 2-1 Different drought type and the impact (sources: Wilhite, 2010) 

Drought does not only occur in the region with low rainfall but also it happens in the high 

rainfall area like Indonesia. As the drought occurs, it is very difficult to determine the severity 

of drought. The drought severity depends on duration, intensity, and impact on the larger area. 

Water demand from human activities and vegetation requirement also influence the drought 

severity. Drought affects so many different sectors of the economy, social, environment, etc. 

the definition of drought also vary based on the disciplinary, frequency and the impact. In 
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general, drought has been grouped into meteorological drought, agricultural drought, 

hydrological drought, socio-economic/environmental drought (Wilhite and Glantz 1985).  

Figure 1 shows how the drought continue based on the duration and dryness of the system. The 

drought categories occure one after the other sequentially. As we can see from figure 1, all the 

drought type originally started from the deficit of precipitation. Then it leads to the soil water 

deficiency which defines as agricultural drought. Furthermore, when the drought remains in the 

system, the hydrological drought will occur and in advance will influence social, economic and 

environmental aspect. The drought classification are described as follows:  

1. Meteorological drought: an accumulation of precipitation in a certain period is lower 

comparing to the normal condition which is usually in the long term average (Dai, 2011).  

2. Agricultural drought: agricultural drought as the impact from the meteorological drought 

that leads to crop failure. The decline of precipitation in a period of time will reduce the soil-

water contain and affect the actual evaporation (Motha, 2011). The agricultural drought may 

also affect by other meteorological factors such as high temperature, high radiation, wind, 

low relative humidity, and cloud cover (Teuling et al, 2013). 

3. Hydrological drought: the reduction of precipitation in longer duration has decreased 

streamflow, inflow to reservoirs, groundwater recharge and river flow. 

4. Socio-economic drought: it is related to the human activities related to water supply and 

demand. The socio-economic drought is a continuity of meteorological, agricultural and 

hydrological drought. 

2.2. Agricultural Drought Indices 
Agriculture is one of the larger sectors that is affected by drought. Droughts greatly effect the 

reduction of crop productivities and yield. It will continue to threaten the food security as the 

absence of adequate drought management. Due to natural climate variability and the increase 

of climate change, it is urgently needed to develop a better drought monitoring for agriculture. 

In 2010, World Meteorological Organization (WMO) and UNISDR organized an Expert 

Meeting on Agricultural Drought Indices which is a continuation of previous Inter-Regional 

Workshop on Indices and Early Warning Systems for Drought in Nebraska, USA in 2009. The 

meeting aimed to review, assess and compile several agriculture drought indices that commonly 

used around the world, and identified the most suited indices to use for agriculture drought 

monitoring (Sivakumar et al, 2011). As a result of the meeting, there are seven agricultural 

drought indices categories including: precipitation-based; temperature-based; precipitation and 

temperature-based; Water balance model based; precipitation, temperature, relative humidity, 

solar radiation, wind speed, and soil moisture/soil characteristics based; remote sensing based; 

and a composite approach (multiple) based indices (Sivakumar et al, 2011). This section 

describes several agricultural drought indices that have been summaries by Sivakumar et al 

(2011) and will be used for this research. 
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2.2.1. Standardize Precipitation Index (SPI) 

SPI is one of the meteorological indices that is based on the precipitation dataset. It can be 

calculated for different time periods from 1-, 3-, 6-, 9-, 12-, 24-, and 48- month time scale 

(Mckee et al, 1993) which can be used to determine the drought magnitude and drought period 

(Hayes, 2000). According to Hayes (2000), SPI is able to identify the emerging drought earlier 

than any other indices like Palmer Drought Severity Index (PDSI). Furthermore, it is widely 

used, because it is a simple to use indicator and requires limited data. 

However, SPI is more suited to monitor the meteorological drought than agricultural drought. 

But, the flexibility of this indicator with a combination of agricultural information such as the 

start of growing season, the duration, and harvesting time can give additional information for 

agricultural drought monitoring. 

2.2.2. Actual Evapotranspiration (ETa) 

Evapotranspiration is very important in hydrological cycle in a region. Evapotranspiration is 

water vapour from open water as evaporation such as lake, river, and reservoir, soil surface and 

transpiration from vegetation to the atmosphere. ET can be used to monitor and assess such as 

floods event, drought and even climate change (Li et al, 2009). Generally, more than 65% of 

precipitation are used for the actual evapotranspiration (ETa) process (Kite, 2000). There are 

several methods from ground measurement and remote sensing based that can estimate the ETa. 

ETa from remote sensing data is able to estimate in a larger area comparing the conventional 

method.  

ETa information from remote sensing dataset is very important for the decision maker to 

manage water level in the reservoir. It is used to optimize water allocation particularly in the 

area which suffered from water shortage. ETa in drought monitoring can examine agricultural 

drought, can respond to dry and wet season, and can comparable from different climate zone 

(Narasimhan, et al, 2005). 

 

2.2.3. Normalized Difference Vegetation Index (NDVI) 

Normalized Difference Vegetation Index (NDVI) is an index which is generated from satellite 

data. It is based on the difference spectrum of Visible (VIS) (0.4 to 0.7 µm) and Near Infra-red 

(NIR) (0.7 to 1.1 µm). The NDVI value indicates the vegetation density and vitality of the earth-

surface in a pixel. According to Sivakumar et al (2011), NDVI is commonly used for 

agricultural drought analysis. NDVI is defined from the remote sensing based analysis using 

the near infra red and visible red spectrum. NDVI value range from -1.0 to +1.0, the highest 

value indicates the densest vegetation coverage, while the lowest value indicates no vegetation, 

for example, the area may cover by rock, sand or snow. NDVI is one of the vegetation indexes 

which has strong relationship to green biomas, leaf area index, as well as precipitation and 

evapotranspiration (Sivakumar et al, 2011). Moreover, most of the sattelite instrument measure 
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the red and NIR band which make NDVI easy to calculate by using various data sources. The 

other advantage of NDVI is the normalized factor for time series analysis has reduced some of 

the inter-observation variations including varying illumination and viewing angels and 

atmospheric disruption that result in equivalent index value over time (Sivakumar et al, 2011). 

NDVI is increasingly used as a basic input data for another vegetation indexes to agricultural 

drought monitoring such as Vegetation condition index (VCI), Vegetation drought response 

index (VegDRI), and Enhance vegetation index (EVI) (Sivakumar et al, 2011).  

2.2.4. Vegetation Condition Index (VCI) 

Vegetation Condition Index (VCI) was introduced by Kogan in 1997 (Kogan et al, 2003). The 

VCI is derived from NDVI values in time series. The VCI value ranges from 0 to 100 %, the 

value indicates the optimal condition of the vegetation cover. The lower value reflects the 

dryness of the vegetation at the certain period.  

VCI had been used to monitor agricultural drought in different crop type, region, and climatic 

condition. One of the advantages of VCI compared to NDVI is that VCI has provided better 

correlation with the precipitation pattern in the heterogeneous area (Sivakumar et al, 2011). 

Moreover, VCI value indicates how the vegetation condition decreases as a response to the 

water shortage or drought. 

 

2.2.5. Temperature Crop Index (TCI) and Vegetation Health Index (VHI) 

Temperature Condition Index (TCI) was also introduced by Kogan in 1995. It is derived from 

brightness temperature data from remote sensing.  TCI index reflects the effect of drought to 

the vegetation growth. Furthermore, to define the agricultural drought severity, it is derived 

from a certain relative temperature value (daily, monthly or seasonal) compare to the maximum 

and minimum temperature in a time series dataset. Furthermore, the TCI value combine with 

the VCI value can be integrated to determine the (VHI). According to Kogan (1995) cited by 

Sivakumar et al, 2011, The VHI value based on the assumption that drought can result in high 

land surface temperature (LST) that cause the deficit of soil moisture and vegetation stress.  

2.3. Paddy Field in Indonesia 

Indonesia is one of the larger areas with paddy field in the world. In 2015, total paddy field in 

Indonesia reaches up to 8.092.000 ha (Agricultural Statistic, 2017), while 58.41% of them are 

irrigated. Specifically, total paddy field in WJP is 912.794 ha which 80% of the paddy field is 

irrigated. Since the rice crop is very sensitive to the water shortage, the irrigation scheme can 

sustain the crop water needs in both wet and dry seasons from the managed water like 

reservoirs. Despite the high percentage of irrigation paddy field in WJP, in some region 

particularly in the tail of irrigation scheme, farmers are often fall on dry condition during the 

second planting season. It is mainly because the irrigation cannot reach their crop field in that 

period. 
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Figure 2.2 shows the stage of paddy field until the harvesting time. Most of the irrigation areas 

in CRB use a short-duration of paddy varieties such as Mekongga and Ciherang varieties with 

duration from 100 to 120 days. These varieties spent about 35 to 55 days in vegetative phase, 

35 days for reproductive, and 30 days for ripening phase. Meanwhile, land preparation in 

irrigation area can take 3 – 4 weeks for plowing the soil, harrowing and mixing the soil with 

plant residue and levelling the land. In dry land or rainfed area, it can take longer up to 2 months 

particularly when drought affectss crack in the soil.  

 
Figure 2-2 Paddy growth cycle with the corresponding International Rice Research Institute 

(RRI) (Sources: IRRI, 2018) 

 

While most of the CRB can plant the paddy two times in a year, in some locations, rice can 

grow till three times in a year. It is supported by the water availability in the region which is 

mostly located near to the main canal. The first planting season commonly starts in October and 

harvests in January the next year. In normal condition, some farmers will start to cultivate paddy 

for the second time in February - March and some in April - May.  While in the dry season from 

June to September most of the farmers prefer to plant crop that needs less water. For the last 

five years, the average planted area of paddy in Indonesia is around 8 million ha in the wet 

season and 6 million ha in the dry season (Agricultural Statistic, 2017). West Java, Central Java, 

and East Java are provinces with the most contributed for planted areas as shown in table 2.1. 

Table 2-1 Planted Area of Paddy crop from 2012 to 2016. (Agricultural Statistic, 2017) 

 

No Province
2012/2013 

(Oct/Mar)

2013           

(Apr-Sept)

2013/2014 

(Oct/Mar)

2014          

(Apr-Sept)

2014/2015 

(Oct/Mar)

2015           

(Apr-Sept)

2015/2016 

(Oct/Mar)

2016           

(Apr-Sept)

1 Jawa Barat 1,127,228   916,687        1,119,876       919,484    1,068,978       843,965    1,095,044 1,004,143   

2  Jawa Tengah     1,170,968       687,076    1,162,027       682,455    1,217,312       682,455    1,207,874 763,903      

3  Jawa Timur     1,274,951       778,706    1,287,709       795,462    1,360,369       806,834    1,388,702 900,388      

 INDONESIA  8,194,684  5,790,501  8,151,356  5,893,286  8,391,437 6,067,686  8,758,716 6,753,465 
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2.4. Drought Monitoring in Indonesia 

2.4.1. Climate Condition in Indonesia 

Indonesia is a tropical country located in the equatorial region. The average rainfall in Indonesia 

is approximately 2000 mm/year (BPS, 2015) which is divided into two seasons: dry (April to 

September) and wet season (October to March). Based on geographical condition, Indonesia is 

located between two continents and two oceans. The Asian and Australian continents have 

influenced climatic conditions in Indonesia, as the monsoon in Asia and Australia is part of the 

factors to determine precipitation and season in Indonesia. Generally, the dry season starts in 

April till September, mostly because of east wind-flow from Australia that leads to the dry 

season in Indonesia, while wet season begins in October and end in March because of the 

western wind-flow from Asia (BMKG, 2017).  

 

Figure 2-3 Precipitation patterns in Indonesia (BMKG, 2017) 

In general, the precipitation patterns in Indonesia are classified into three different patterns 

based on the rainfall characterization. As shown in figure 2.3, they are Equatorial, Monsoon, 

and Local type. The equatorial type is indicated with two peaks of rainy seasons in March to 

May and September – November. The monsoon rainfall type is characterized by only one peak 

of the rainy season in October to January. This type mostly affected by the monsoon circulation 

from Australia and Asia region.  The last type of rainfall pattern is the local type which has two 

different model. The first one is the dry local type which has precipitation below the national 
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average in all season and the wet local type which has a monthly average rainfall above the 

national average. 

The Pacific Ocean in the east from where El Nino Southern Oscillation (ENSO) event arise, 

has affected the season in Indonesia (BMKG, 2017). When El-Nino arises, most of the location 

in Indonesia will be influenced by reducing the amount of rain in both dry and wet season and 

expanding the dry season from two to four weeks depending on the severity of the El-Nino 

occurrence (BMKG, 2017). On the other hand, La-Nina as the opposite of El-Nino increaseds 

the amount of precipitation in both seasons and expands the rainy season period. On the west 

part of Indonesia, the Indian Ocean also have a climate phenomenon like ENSO called Indian 

Ocean Dipole (IOD) (BMKG, 2017). The positive (dry) and negative (wet) index of IOD is 

almost the same effect for rainfall like ENSO phenomenon in Indonesia. The main different is 

that the area affected by IOD is mostly narrow to the Western Part of Indonesia including 

Sumatera Island and western part of Java island (BMKG, 2017). These unique conditions make 

most of the islands in Indonesia very sensitive to the global and regional climate change, which 

will influence on economic activities, food security, and water scarcity.  

 

2.4.2. Drought Monitoring In Indonesia 

Several studies had been conducted to monitor and assess agricultural drought in Indonesia. 

According to Purnaningtyas et al (2017), based on the dry spell analysis, almost all the area of 

West Java province experience dry spell more than 150 days. It is derived from rain fall 

historical data (1981 to 2010) in 54 stations across WJP. Moreover, the study indicated that the 

highest dry spell event occurred when El-Nino phenomena arise with moderate and strong 

intensity. In this case, it is recorded in 1982, 1991 and 1997. In conclusion Purnaningtyas et al 

(2017) state that northern part of west java tends to be more vulnerable to dryness which could 

affect the agriculture activities in the region. Moreover, Aulia et al (2015), had detected the 

drought occurrence for paddy field in Bandung district in WJP by using remote sensing dataset 

from 2000 to 2015. The main indicator that was used for the research is the enhanced vegetation 

index (EVI) that was derived from NDVI-Modis 13Q1 image. The authors stated that the 

drought occurred in 2013 while the highest intensity occurred in March 2013. By using the 

Breaks for Additive Seasonal and Trend (BFAST) method and Standardized precipitation 

evapotranspiration index (SPEI) as validation, drought event can be identified in the Bandung 

district, WJP. 

Furthermore, agricultural drought had been identified in Subang and Karawang by using VHI 

for 2000, 2005, 2010, and 2015 (Sholihah et al, 2016). The study result that there is an extent 

of drought severity in the area from mild drought in 2000 to severe drought in 2015 due to the 

increased of LST in the location from 270 C to 400 C respectively. In addition, Sholihah et al, 

(2016) state that VHI indicator had proven can identify agricultural drought severity in the 

region.    
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CHAPTER 3  

3. METHODOLOGY 
This chapter describes the description of the study area, site selection and method of 
the study. The tools, equation, and data collection procedure are explained to achieve 
the objectives of the research. 

3.1. Study Area 

3.1.1. Location Characteristic 

 
Figure 3-1 Digital Elevation Map in Citarum Catchment. 

 

Citarum catchment is selected for this research which is located in 106° 51’36” - 107° 51’ E 

and 7° 19’ - 5° 24’S, West Java Province-Indonesia. The elevation in the CRB varies from 0 in 

northern part up to 2000 m in the upstream. The average rainfall in CRB vary from around 2000 

mm/year in the northern part (downstream) and increase up to 4000 mm/year in the southern 

area (upstream) (ADB-MPW, 2011). CRB is one of the biggest basins in Indonesia and has an 

important role for economic activities in the region. According to water law of 2006, CRB is 
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categorized as “high priority” river basin in west java because it has a big contribution to 

national economic development mainly in the agriculture sector. The CRB consist of 19 sub 

basins which are under the CRB organization called Balai Besar Wilayah Sungai Citarum 

(BBWS Citarum) under the Ministry of Public Works and Housing. It has three reservoirs 

which are located in the upstream of the catchment: Ir. H. Juanda, Cirata, and Saguling 

reservoirs. These three reservoirs contribute to drinking water, industry, electricity, agriculture, 

and fisheries. The water distributes by PJT II for irrigation 86.7%, drinking water 6%, industry 

2%, municipality 0.3%, and maintenance 5%. For drinking water, Citarum provides more than 

80% of Jakarta demand with population approximately 12 million people. CRB cover 

approximately 12.000 km2 which are divided into 12 districts in WJP. Around 14 million people 

are living in the Citarum catchment (ADB-MPW, 2011).  

Total irrigated rice crop in CRB is approximately 361.000 ha or 37% of the total irrigated area 

in WJP. The largest area is located in downstream of the CRB with total area approximately 

280.000 ha. The three biggest sub basins in downstream of CRB are Jatiluhur sub basin 

approximately 240.000 ha, followed by Salam darma sub basin 11.648 ha, and Macan sub basin 

with area 10.400 ha. The average planting index in WJP around 1.9 to 2.0 which means farmers 

are able to plant rice crop at least two times in a year, while the average productivities 5. 9 

ton/ha (Pusdalisbang, 2015). Most of these sub basins are located in 3 districts which are 

Karawang, Subang, and Indramayu. 

Table 3-1 Rice crop area in the downstream of CRB. (Sources: Pusdalisbang, 2015) 

No District Irrigated (ha) Non-Irrigated (ha) 

1 Karawang 92.869 4.708 

2 Subang 77.949 6.621 

3 Indramayu 93.521 24.271 

Furthermore, these districts are also known as the part of drought prone region. Most of the rice 

field in the region is located far from the main canal. The disadvantage of this situation as the 

last region of the irrigation system; often crop water needs cannot be satisfied by the irrigation 

services particularly when drought event occurs. Worse, most of the time, it happens when the 

crop is in a phase where it needs more water which will affect the rice production in future. 

Without any early warning system for drought event including the lack of irrigation system, 

farmers are the one who suffer financially from the drought events.  

3.1.2. Area of Interest 

The research study area will focus at downstream of CRB which is very vulnerable to drought 

that affects more farmers than any other location across the CRB. Total rice crop area 

combining Karawang, Subang, and Indramayu districts around 264.339 ha for the irrigated area 

and 35.600 ha non irrigated area (Table 3.1). To examine the 2015/2016 drought in CRB, these 

three districts will be used as samples and compared on how the drought effect could be 
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differentiated by the location. Moreover, Semi structure interviews were conducted in sub 

district based on the higher drought impact for paddy field in 2015/2016. Furthermore, for the 

field data collection are selected strategically inside the selected area which indicated by the 

drought impact in paddy field in 2015/2016. It aimed to ensure the location and the field study 

are correlating and be able to compare for further analysis.  

 
Figure 3-2 Site location in three districts of lower Citarum river basin. 

Karawang 

Karawang is located in the northern part of the Citarum River Basin. The district is located 

between 107’02 – 107’40 east and 5’56 – 6’34 south. River Citarum is stretching along the 

western of district Karawang which separates the region with Bekasi regency. While the 

Cilamaya River in the east separates with Subang regency. The average precipitation in the 

region approximately 1823 mm/year with temperature 27.10C (Climate-data, 2018). The lowest 

precipitation is happen in August, average 38 mm/month while the peak of rain season is happen 

in January with 279 mm/month. District Karawang consist of 30 sub-districts which have more 

than 297 villages and 12 small towns. The selected areas in this region are based on the higher 

drought impact for paddy field in 2015/2016 (Ditjen TP, 2015). They are Pakisjaya sub-district 

which is located in the north of Karawang and Pangkalan sub district in the southern part. The 

relevant sub districts are shown in figure 3.2. 

https://id.climate-data.org/
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Subang 

Subang is located in the northern part of WJP. Subang is located between 107’31 – 107’54 east 

and 6’11 -6’49 south. There are 30 sub districts in this region with 245 villages and 8 small 

towns. Cipunegara and Binong sub districts are selected in this region with the drought impact 

3.235 ha and 663 ha respectively based on the data collection from the Food Crop and 

Horticulture Protection Center in West Java Province. The two sub-district located in the middle 

of Subang and closed to the Subang-Indramayu boundary. The average precipitation in the 

region is approximately 3049 mm/year with temperature 26.70C (Climate-data, 2018). The 

driest month of the year is August, with average 60 mm/month while the peak of rain season 

occurs in January with 468 mm/month. 

Indramayu 

Indramayu is one of the centres of rice production in WJP with total 117.792 ha (56%) of the 

area used for rice field. it is located in the north-east of Citarum River Basin. The district is 

located between 107’52 – 108’36 east and 6’15 – 6’40 south. The average precipitation in the 

region is approximately 1696 mm/year with temperature 27.40C (Climate-data, 2018). The 

lowest precipitation is August, with average 28 mm/month while the peak of rain season happen 

in January (334 mm/month). The area contains 31 sub-districts which have more than 317 

villages and 8 small towns. Some of these sub districts exceed the boundaries of the CRB and 

are therefore excluded. Based on the data collection from the Food Crop and Horticulture 

Protection Center in West Java Province, the selected sub districts are Gabuswetan and 

Losarang where drought impacted are 2.134 ha and 1.991 ha respectively during 2015.  

 

3.2. Method of the research 

The flowchart in figure 3.3 present the methods of the research. There are three main paths that 

implemented in this research to achieve the objectives. The first path is to determine the remote 

sensing-based drought index from the Landsat 8 data by using QGIS tools and HANTS to fill 

time series gap becaused of cloud cover. NDVI value needs to be calculated from red band and 

NIR band before using HANTS tool. The output of this path is including VCI, TCI, and VHI 

on the monthly basis. The second path, a time series of precipitation are used to calculate SPI 

value for 1-, 3-, and 6- month. While the ETa from ALEXI used to determine ETa deficit in the 

region by comparing the avarage of 10 years of ETa from 2005 to 2015. The third part of the 

research is the field study for ground truth, collecting information related to 2015/2016 drought 

event and inteview with stakeholders to get more understanding on the relevant information of 

drought, especially for drought indicators. Further detail of the methods is discuseed in this 

chapter. 

https://id.climate-data.org/
https://id.climate-data.org/
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Figure 3-3 Methodology flow of the research 

3.3. Data Collection and Acquisition 
Remote sensing derived satellite data products and secondary data that include meteorological 

data was used to support the assessment. Concerning the coverage area of the study location, 

the analysis used a high-resolution of global remote sensing data that are related to vegetation 

greener in the region. The indicators are Temperature Crop Index (TCI), Normalized Difference 

Vegetation Index (NDVI), Vegetation Condition Index (VCI) and Vegetation Health Index 

(VHI). While the Standardize Precipitation index (SPI), and Evapotranspiration (ET) are 

collected from different sources with lower data resolution. These indicators are commonly 

used to analyse drought event (Sivakumar et al, 2011). These indicators are expected to be able 

to explain the drought characteristic, severity, and duration in CRB.  
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Meanwhile, for the qualitative analysis and validation phase, the field study was conducted for 

this research. The main data collection in the field study cover data collection from the relevant 

institute, a semi-structure interview from farmers and relevant decision makers in the study 

location. 

 

3.3.1. Remote sensing data collection  

The remote sensing data from Landsat 8 with resolution up to 30 meters was used in this study. 

Landsat 8 is the latest available data from land remote sensing satellites.  The data is freely 

available which can be downloaded from the USGS EROS website. CRB location selected as 

the boundaries of the remote sensing data. Based on the USGS data, the CRB area is divided 

into two paths and rows which are path 121 to 122 and row 64 to 65. The Landsat 8 data in the 

region are available every 16 days. To avoid the gap between the paths, 32-days Landsat data 

from Google Earth Engine (GEE) are acquired from January 2015 to March 2016. The Landsat 

8 raw scene data from GGE used for this research. The raw scene data from the GGE contain 

digital numbers (DNs) that represent the scale radiance.  The information related to the raw data 

from the GGE further refers to Chander et al (2009). The DNs needs to convert to the brightness 

temperature for LST calculation. The advantage of using the GEE is the option to select specific 

band from the Landsat 8. To calculate NDVI the Red and NIR band (band 4 and 5) are 

downloaded and thermal infrared band (band 10) acquired to calculate the LST. 

3.3.2. Climate Hazards Group Infra-Red Precipitation with Station data 

(CHIRPS) and The Atmosphere-Land Exchange Inverse (ALEXI) 

The CHIRPS dataset is the further version of the climate hazard group by blending the satellite 

Tropical Rainfall Measuring Mission Multi-satellite Precipitation Analysis version 7 (TMPA 

3B42 v7) with the station data from more than 200.000 location since 1981 to 2016 (Funk et al, 

2015). The data available on daily and monthly basis with the resolution 0.050 (approximately 

5 km). CHIRPS dataset is freely available from 1979 till present. To calculate SPI, the minimum 

data required is 30 years in monthly basis. The CHIRPS data were downloaded based on the 

CRB boundaries from 1981 to 2016 (35 years). The resources of the data can be downloaded 

from the climate hazard group website: http://chg.ucsb.edu/data/index.html. 

Furthermore, the actual evapotranspiration (ETa) time series data are required to determine the 

ETa deficit in CRB. Anderson et al (2011) explain that thermal infrared and LST information 

can be used by using ALEXI model to approach the ET mapping. One of the advantages of this 

model when estimate the surface fluxes, the model will not need any additional information of 

precipitation and soil moisture (Anderson et al, 2011). The currently available ETa data from 

ALEXI model is freely available for the limited users. The data download tools from water 

accounting group at IHE Delft. The ETa is downloaded from 2005 to 2015 in the weekly and 

monthly time interval. The resolution of this ETa data was approximately 5 km.  

http://chg.ucsb.edu/data/index.html
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3.3.3. Field data collection 

The field data collection consist of the primary data from the relevant institute including 

precipitation, temperature, drought impact in paddy field area, water level in Ir. H. Juanda 

reservoir, semi-structured interviews with relevant stakeholders including farmers. Meanwhile, 

the drought impact for paddy crop was present in chapter 4. The data that have been collected 

during the field visit time are: 

1. Precipitation data from weather stations from 1981 to 2016 in 4 different location. The data 

sources from the Bureau of Meteorology, Climatology, and geophysics (BMKG) in Jakarta. 

The monthly 2015 data in both stations are taken from annual statistic report from districts 

where the stations are located. As shown in figure 3.4, there are two stations which are 

located inside the CRB. They are Sumurwatu Station (downstream) and Bandung Station 

(upstream). Meanwhile, Sukadana and Indramayu Stations are located outside the CRB in 

the eastern part. These two stations are still relevant to use as concerning the location near 

to the downstream of the CRB.  

 

Figure 3-4 Weather stations location where rainfall data is collected. 

2. Daily water level of the Ir. H. Djuanda reservoir from 2013 to 2017 were collected from the 

Jasa Tirta water corporation II (PJT II). PJT II is located in Jatiluhur sub-district, Purwakarta, 

WJP. The dead storage of the reservoir is 87.5 m above sea level (ASL), while the spillway 

level is 107 m ASL. The water level information will be used to analyse the deficit of 

precipitation and evaporation impact on the water storage in the reservoir. Hence it will 

contribute to the drought analysis for agriculture in downstream. The 5 years of surface water 

level is presented in figure 3.5. 
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Figure 3-5 Surface Water Level in Ir. Djuanda Reservoir from 2013 to 2017 

3. To get understanding on what kind of information related to drought is required by 

farmers, semi-structured interviews (SSI) were conducted from three main stakeholders 

related to drought information for agriculture. The first stakeholder is government 

officials at the national level. These stakeholders are involved in drought information 

design and dissemination and mitigation related to agriculture for farmers and local 

authority. The purpose of the interview was to understand what kind of the drought 

information is being used, how was the information designed, structured and 

disseminated, and who the primary users of this information are. The second group to 

be interviewed was the local government and water authority in CRB. This group is 

directly involved in the agriculture activities in CRB. The purposed of the interview was 

to get insight on how the current information contributes to drought management in the 

location, and what is the additional information needed to improve the drought 

management in agriculture.  

 

The last group was the farmer groups. SSI was conducted with farmers in the three 

districts. The samples were farmer groups in the location that suffered more from 

2015/2016 drought even. The purposed of this research is to get a deeper understanding 

on how they respond to drought event, what is the current information they have used 

and how it is related to the drought indices. These groups also include extension workers 

in the area, because they usually work alongside farmers and understand better the local 

condition in term of challenge and potential for drought management. The list of 

respondents is shown in table 3.2. 
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Table 3-2 Respondent for Semi-structured Interview 

No. Group Stakeholder 

1 National Government Director of Irrigation for Agriculture, MOA 

Former Head of Sub-directorate Climate Change Impact 

for Food Crop  

Head of Sub-directorate Climate and Water Conservation 

for Agriculture 

Head of Research and Development of Climatology and 

Air Quality, BMKG. 

2 Local Government Special Expert on Water Resources Management, PJT II. 

Head of Food Crop Protection Section, Department of 

Agriculture in Karawang District 

Head of Food Crop Protection Section, Department of 

Agriculture in Subang District 

Head of Land Rehabilitation and Food Crop Protection 

Section, Department of Agriculture in Indramayu District 

Head of Food Crop and Horticulture Protection Center in 

West Java Province 

3 Farmers and Extension 

Workers 

District of Karawang: Pangkalan sub district : 3 Farmers 

and 1 Extension Workers; Pakis Jaya sub districts: 4 

Farmers and 1 Extension Workers 

District of Subang: Binong sub district: 4 Farmers; 

Cipunagara sub districts: 4 Farmers and 1 Extension 

Workers 

District of Indramayu: Gabus wetan sub district :  3 

Farmers and 2 Extension Workers; Losarang sub districts: 

2 Farmers  

 

3.4. Defining Drought Indicators 
In order to characterize the 2015/2016 drought event in CRB, the drought indicators were 

computed from the remote sensing data. Furthermore, the indicators were used to describe the 

severity, intensity, and duration of 2015/2016 drought events. 

 

3.4.1. Standardized Precipitation Index (SPI) 

SPI is one of the drought indexes which is closely related to characterize meteorological drought 

in a short time scale (Keynatash, 2016). To determine the SPI, the precipitation data is basically 

fitted to gamma distribution function and then transform into a normal distribution. The SPI 
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value range from -2 (extreme drought) to 2 (extreme wet). The monthly precipitation from 

CHIRPS and selected weather stations were used to compute SPI. The fitted gamma distribution 

function is computed by: 

𝑔(𝑥) =
1

𝑟(𝑎)𝛽𝑎
 𝑥𝛼−1𝑒

−𝑥

𝛽                                                 (3.1) 

Where a and β are shape and scale parameter, and always x>0, r(a) is the 

gamma function at a. To estimate the parameters for a given time scale and each station or pixel 

(CHIRPS) the maximum value in the data function was used, as expressed by: 

𝑎 =  
1

4𝐴
 (1 + √1 +

4𝐴

3
      (3.2) 

𝛽 =
𝑥̅ 

á
       (3.3) 

𝐴 = ln 𝑥 − √
𝑙𝑛𝑥̅ 

𝑛
     (3.4) 

n= number of precipitation data from CHIRPS and weather stations, and 𝑥  = the mean 

precipitation from 1981 to 2016. The cumulative probability is computed by: 

𝐺(𝑥) =  ∫ 𝑔(𝑥)𝑑𝑥 =  
1

𝑟(𝑎)𝛽
𝑎 

𝑥̅

0
∫ 𝑥𝑎−1𝑒

−𝑥
𝛽

𝑥
0

𝑑𝑥     (3.5) 

𝐻(𝑥) = 𝑞 + (1 − 𝑞)𝐺(𝑥)     (3.6) 

 

Since x>0, zero value probably resulted in the precipitation data because of that the cumulative 

probability becomes (3.6) where q is the probability of zero. Further, H(x) is changed to 

standard normal distribution to get SPI. The theoretical of the SPI calculation are translate into 

python script to compute SPI from CHIRPS dataset. While the precipitation data from selected 

stations are computed by SPI tools 6 from National Drought Mitigation Centre.  

The SPI was computed to analyse in different time periods of 1, 3, 6 months. The purpose of 

multi times scale analysis for SPI, is to explore on how the precipitation anomaly will lead to 

drought in term of duration and severity. The drought severity will be recognised based on the 

SPI values as shown in table 3.3. 

Table 3-3 Drought classification based on SPI (McKee, et al., 1993) 

SPI value Drought Category Class 

-0.99 to 0 Mild Drought D1 

-1.0 to -1.49 Moderate Drought D2 

-1.5 to -1.99 Severe Drought D3 

< -2 Extreme  Drought D4 

 

3.4.2. Actual Evapotranspiration (ETa)  

Actual evapotranspiration was acquired from 2005 to 20015. The evapotranspiration condition 

is related to the atmospheric water demand from the surface including vegetation, soil and open 

water. Basstiansen et al. (2005) explained that ETa value depends on the land cover and soil 
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moisture in the region. The P- ETa was computed to understand the condition of the water 

vapour flux in the region. Moreover, The ETa anomalies can indicate (i) the soil moisture 

condition during the growing and non-growing season and also the water consumption during 

the growing season which will be related to the biomass of crop. The Eta anomalies can be 

computed by using simple anomaly calculation, as expressed by:  

𝐸𝑇𝑎(%) = (
𝐸𝑇𝑎−𝐸𝑇𝑎𝑚

𝐸𝑇𝑎𝑚
 ) 𝑥 100%     (3.12) 

Where the ETa (%) is ETa percentage anomaly the current time, ETa is the current ETa value in 

this study at monthly level ETa, and ETa m is the median value of monthly ETa from 2005 to 

2015 from the same time period. To indicate the drought magnitude in the region, drought 

severity table was developed based on the % ETa anomaly value. Table 3.4 shows the drought 

severity category and class.   

Table 3-4 Drought Severity index on ETa anomaly 

Value Drought Category Class 

11 to 20 Mild Drought D1 

21 to 30 Moderate Drought D2 

31 to 40 Severe Drought D3 

41 to 50 Extreme  Drought 
D4 

> 50 Exceptional Drought 

 

3.4.3. Remote Sensing Indicators  

NDVI 

NDVI is calculated based on the red and near infrared band.  NDVI monthly data were 

computed for 2014, 2015 and 2016. NDVI was calculated by using the equation: 

 𝑁𝐷𝑉𝐼 =
Red−NIR

𝑅𝑒𝑑+𝑁𝐼𝑅
 ; while NDVI range from -1 to 1.    (3.7) 

HANTS 

One of the problems when utilizing remote sensing data is the cloud cover in the region which 

were also captured by satellites. The clouds cover can give different value or even a gap with 

missing data. To overcome this problem, the cloud image removal algorithm HANST were 

used. HANTS program replace the pixel with cloud cover by interpolated pixel value created 

from HANTS. The interpolation needs time series data which can increase the number of data 

without cloud cover in the pixels. Recently Espinoza-davaloz et al (2017), has developed 

HANTS algorithm combine with python application. According to the authors, the main 

purpose of this method is to implement HANTS by python to fill the gap of time series such as 

cloud. Furthermore, the instruction of how to use the method can be found in 

https://github.com/gespinoza/hants. This programme used for NDVI value from satellite dataset 

to create daily cloud free output NDVI data with the resolution 60 m x 60 m. After that, the 

https://github.com/gespinoza/hants
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daily NDVI output data were aggregated to Monthly data set and used for establishing the VCI 

and TCI indicators.  

VCI 

The first indicator that conducted from the NDVI is vegetation condition index (VCI). The VCI 

indicate the moisture vegetation condition during the crop growth. The value of VCI is 

determined by using equation from Kogan et al (2004):  

VCI = 100 * (NDVI – NDVI min) / (NDVImax – NDVI min)  (3.8) 

TCI 

Meanwhile, band 10 from landsat 8 were used to calculate LST. LST determine by using Planks 

law to find the brightness temperature (Dash et al, 2002). Figure 3.6 shown the phase of how 

the digital number of thermal band from landsat image were computed to establish the LST 

(Gaheb et al, 2015). The LST data was used to determine temperature crop index (TCI) using 

equation by Kogan et al (2004):  

TCI = 100 x (LST max – LST) / (LST max – LSTT min)   (3.9)  

VHI 

The VHI is one of the remote sensing indicators which can better examine for the drought 

condition. It consider the vegetation condition and the thermal condition in the region.  To 

compute VHI, TCI and VCI are used with the equal contribution for the vegetation health index 

by equation from Kogan et al, 2004: 

𝑉𝐻𝐼 = (0.5 𝑥 𝑇𝐶𝐼) + (0.5 𝑥 𝑉𝐶𝐼)     (3.10) 

The agricultural drought severity was defined by the VCI, TCI, and VHI value. According to 

(Kogan 2002), the VHI below 40 indicates drought related vegetation stress. The moisture 

condition can be reflected by the VCI value. It ranges between 0 and 100 to reflect from optimal 

to extreme bad condition (Kogan et al, 2013). High VCI values correspond to healthy and 

unstressed vegetation. On the other hand, low TCI values correspond to vegetation stress due 

to high temperature and dryness. Based on this Yagci et al (2011) characterized the agricultural 

drought categories as shown in table 3.4.  

Table 3-5 Drought classification based on VCI, TCI and VHI value (Yagci et al, 2011) 

Value Drought Category Class 

40 ≥ x > 32 Mild Drought D1 

32 ≥ x > 24 Moderate Drought D2 

24 ≥ x > 16 Severe Drought D3 

16 ≥ x > 8 Extreme  Drought 
D4 

8 ≥ x ≥ 0 Exceptional Drought 
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Figure 3-6 Calculation of LST from Digital Number (DN) of Landsat dataset (Gaheb et al, 

2015) 

 

3.4.4. Drought Indicator Selection   

To determine the best indicator that can examine the drought event in CRB particularly for rice 

crop, there are two methods that were used. First, this research compared among the calculated 

drought indices that impacted in agricultural sector. The comparison of the field study 

information with drought indices result is expected to examine the drought event in the location. 

The comparison was conducted in three selected locations. It was aimed to understand the 

indicators performance in different location.  

The second method was to generate Pearson-correlation between the indices. It was aimed to 

examine how well each of indices are related to monitor drought at CRB. A significant 

correlation identified by t-test with 95% of confidence. The regular point sampling was selected 
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in CRB and then extracted the pixel value from drought map to the sampling point. This 

sampling point then after correlated between the indices. 

Table 3-6 Drought Indicator Comparison 

Indicators 
Location 1 Location 2 Location 3 

T-1 T-2 T-(..) T-1 T-2 T-(..) T-1 T-2 T-(..) 

Indicator 1          

Indicator 2          

Indicator …          

3.5. Drought Indices Information  
 

1. Semi-Structure Interview (SSI) 

The purpose of conducting the SSI was to collect information related to drought information 

that are used by farmers group or other relevant stakeholders in agricultural activities.  The 

SSI guide question were used during the field study. The SSI with a set of instruction for the 

interviews can provide reliable information compare to the qualitative data. During the SSI 

implementation, often a diverse open-ended question and answers are expected. To collect 

the information from the SSI, the notes in notebook and recorded application in smartphone 

were used and later transcript these information for further analysis. The SSI for individual 

informant were applied to National and Local Government. Meanwhile for farmers and 

extension workers, the SSI for group were conducted. There are several questions design 

related to drought indices to monitor agricultural drought which were used to guide during 

the SSI. The question and possible answers are present in Appendix D. 

2. Integrated drought information  

The integrated drought information system aim to combine drought indices with local 

knowledge and other relevant information to support farmers for agricultural activities. The 

information that will be designed have to consider some factors including: 

1. Understand ability of information: most of drought information is presented in English 

and using some scientific terminologies that is difficult to understand by local farmers. 

By using simple and adequate information with the local or national language, it is 

expected that famers and other relevant stakeholder can understand the information. 
2. The relevant information: the relevant information means the key information that 

farmers and decision maker need may be different. The short and direct information 

related to planting season may be preferred by farmers, while other decision maker may 

need a more data analysis, such as water level in reservoir, total area vulnerable to 

drought, drought severity map, etc.  
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3. Accessibility and preferred channels of information: the accessibility of the information 

to be able to read by farmers is also important. The most common media that farmers 

use, may be the best tools to disseminate the information.  

4. Timeliness of information: the timeliness related to when will be the best time for 

stakeholders receive the information. It is also related to the updated information 

periodically.  
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CHAPTER 4 

4. RESULT AND ANALYSIS 
In this chapter, the results and analysis of the data is provided. It includes the 

performance of indices to characterize 2015/2016 drought event, correlation between 

each indices to capture the drought and relevant information related to drought in 

agriculture. 

4.1. Drought Impact on Paddy Crop 

West Java province is one of the rice production centre in Indonesia. However, WJP is also 

vulnerable due to the climate anomaly impact such as floods and droughts. Since 1997, water 

shortage has affected paddy crop in the region. Figure 4.1 show the water shortage affected 

paddy crop from 1997 –to 2015. For drought event in 1997, 2003, 2006/2007 and 2015 the 

impact of water shortage on paddy field was always above the average. The most affected was 

happen in 2003 with more than 270.000 ha and crop failure 65.785 ha. In addition, in 2015 

drought event has affected 247.426 ha and crop failure 93.698 ha. 

 
Figure 4-1 Impact of Water Shortage Impact on Paddy Crop in WJP 

 

Furthermore, comparing to the total planted of rice crop in WJP planted season 2014/2015, 

2015, and 2015/2016, the water shortage affected 0.07%, 28.02%, and 1% respectively. The 
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monthly detailed of drought impact on paddy crop in 2015 is presented in figure 4.2. The highest 

impact was happen in July 2015 with 127.600 Ha.  

 

 
Figure 4-2 The 2015/2016 Drought Impact on Paddy Crop in WJP 

4.2. Standardize Precipitation Index (SPI) 

4.2.1. Weather Stations in CRB 

 

 
Figure 4-3 Computed SPI -1, SPI-3, and SPI-6 at (a) Bandung Station, and (b) Sumurwatu 

Station 

Standardized Precipitation Index (SPI) is one of the drought indicators that can examine the 

severity of drought. The SPI is developed based on the meteorological aspect. The monthly 
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precipitation data from 1981 to 2016 from two different stations were used to define SPI 

indicator in the CRB. The stations are located in upstream of CRB (Bandung station) and 

downstream of CRB (Sumurwatu station). Figure 4.3 shows how past drought event can be 

identified from the SPI value in the two stations. The red arrow (figure 4.3) indicate the major 

drought events captured by SPI value. The SPI indicated that extreme droughts occurred during 

1982, 1988, 1991/1992, 1994/1995, 1997/1998, 2003, 2006/2007, and 2011. In addition the 

2015/2016 drought was indicated as extreme drought in Sumurwatu Station and moderate 

drought in Bandung Stations. For the past 35 years, Sumurwatu station which were located in 

downstream of CRB has suffer more from severe to extreme drought in SPI -3 and -6 comparing 

to Bandung stations (Table 4.1).  

 

Table 4-1 Frequency of Drought Occurrence at Sumurwatu and Bandung Stations. 

 Station Drought Severity Class SPI-1 SPI-3 SPI-6 

Sumurwatu 

Mild Drought D1 138 145 130 

Moderate Drought D2 23 35 38 

Severe Drought D3 17 21 20 

Extreme  Drought D4 6 12 17 

 

Bandung 

Mild Drought D1 132 157 173 

Moderate Drought D2 44 43 38 

Severe Drought D3 23 19 18 

Extreme  Drought D4 11 9 11 

 

Drought event 2015/2016 had been detected earlier by SPI -1 and SPI -3 from dry season 2015.  

The result in figure 4.4 reflects that the SPI captured drought in in Sumurwatu and Bandung 

stations. There is a clear different of drought pattern during the three seasons. Bandung station 

which is located in upstream of Citarum have slight different result of the SPI value during the 

three seasons. The SPI -1 month in the location detected that moderate drought had appeared 

in July 2015 and October 2015. The 1-month of SPI in Bandung station indicated that in short-

time condition, the precipitation in July 2015 and October 2015 tended to be lower than the 

normal precipitation for a month. The low SPI condition give impression that during October 

2015 was very dry. It was also reflected from the precipitation that was very low (38 

mm/month) compared to the 35 years of average by 173 mm/month. There was a deficit 

precipitation condition around 135 mm. The deficit may cause the delay to the planting season 

because the beginning of planting schedule usually is October. In some cases, it is also related 

to the soil moisture deficit in short-term and crop stress, particularly during the growing season 

of crops (NDMC, 2018). Furthermore, the 3-month SPI indicated the drought appear from 

August to October 2015. One of the reason 3-month SPI started from August 2015 is because 

the very dry condition in July, which can be reflected from 1-month SPI value, has accumulated 

the drought condition during the period. Moreover, it could also due to the dry season comes in 

April to September, which make precipitation were very low. 
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Figure 4-4 SPI -1, SPI -3, and SPI-6 month from October 2014 to March 2016 at the (a) 

Bandung Station and (b) Sumurwatu Station. 

On the other hand, different result has shown in Sumurwatu station. The SPI describe that the 

drought emerged from January 2015. Figure 4.4 show that 1-month SPI value below -1 had 

been started from January till March 2015. The three month of deficit precipitation in the region 

can cause a moderate to extreme drought in the region. It was believed that agriculture has a 

big impact during the periods due to the soil moisture deficit in short- and mid-term and crop 

stress during the growing period. Furthermore, the condition has a domino effect to the next 

three month which reflect from the SPI-3 and SPI-6 value. The extreme drought classification 

from 3-month SPI appear in March and April 2015. Meanwhile for SPI-6, it went on for longer 

periods from April to July 2015 and gradually decreased till the end of dry season 2015. It can 

be associated to the total precipitation in 2015 has a very huge different to the average annual 

precipitation in the region. This condition can be related to the decrease in the amount of 

streamflow or reservoir level in the region. 
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4.2.2. CHIRPS 

Computed SPI at Weather Stations 

The Climate Hazards Group Infrared Precipitation with Station (CHIRPS) monthly data from 

January 1981 to December 2016 were used to calculate SPI -1, SPI-3. And SPI-6 month. Figure 

4.5 presents the computed SPI from the CHIRPS dataset at the same weather stations location 

in CRB.  

 
Figure 4-5 SPI -1, SPI-3. And SPI-6 month result at the (a) Sumurwatu and (b) Bandung 

Station 

From figure 4.5, we can assess how the computed SPI from CHIRPS can very well identify the 

severe and extreme drought for the last 35 years. The performance of the CHIRPS dataset is 

very well comparing to the SPI value from the observation data. The result on identifying the 

drought event in the region are almost similar especially for the severe to extreme drought. The 

extreme drought were recorded in 1982/1983, 1991/1992, 1995, 1997/1998, 2003, and. In 

addition, the 2015/2016 drought event were captured as severe drought in both locations. The 

last severe to extreme drought event in the location emerged in 2006/2007. The characteristics 

of this drought in both location are almost similar. It was started in June 2006, reached the peak 
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in November 200 6, and finally decrease to normal in February 2007. It took at least six months 

to reach the peak and three month to return into normal condition. While the worst drought 

event which captured by the SPI for the last 35 years in Bandung is the 1997/1998 drought 

event. In this period, the duration is prolonged 10 months and the peak of the drought occurred 

in January 1998. Meanwhile, the worst drought event in Sumurwatu stations.  

To examine the performance of the computed SPI from CHIRPS, Nash–Sutcliffe model 

efficiency coefficient (E) has been calculated between the SPI value from CHRIPS and weather 

stations. The E value for almost all computed SPI is above 0 except for the SPI 1 in Sumurwatu 

station. It indicates that the CHIRPS dataset closely accurate as the mean of the observed data 

in the weather stations. Moreover, it is decent to use the CHIRPS dataset for drought analysis 

by using SPI method.  

Table 4-2 The Nash–Sutcliffe Coefficient at the Sumurwatu and Bandung Stations 

Stations SPI - 1 SPI - 3 SPI – 6 

Sumurwatu -0.20 0.02 0.12 

Bandung 0.07 0.14 0.19 

 

Despite a weak coefficient was shown from Nash-Sutcliffe model, an acceptable correlation 

were shown by precipitation data from weather stations and CHIRPS. Figure 4.6 presents how 

the coefficient of determination between these data. In Bandung station the R2 indicated by 

0.4515, while in Sumurwatu station the R2 is 0.5007. The value indicated that CHIRPS dataset 

are acceptable to estimate the precipitation in the region.  

 
Figure 4-6 Precipitation from CHIRPS versus a) Bandung Station, and b) Sumurwatu Station 
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SPI in Site Location 

To capture the 2015/2016 drought event in CRB, the 3 consecutive seasons from rainy season 

2014/2015 to rainy season 2015/2016 are presented. Figure 4.7 show the mean SPI value in site 

location. 

 

 
Figure 4-7 SPI -1,SPI -3. And SPI -6 month result in site location. 

 

The mean computed SPI -1, SPI -3, and SPI -6 are compared between Karawang, Subang and 

Indramayu districts and CRB. There are slightly different pattern of computed SPI in the three 

locations. Additionally, the SPI value in CRB are mostly below the specific site locations and 

-2.50

-1.50

-0.50

0.50

1.50

2.50

SP
I V

al
u

e

SPI -1

-2.50

-1.50

-0.50

0.50

1.50

2.50

SP
I V

al
u

e

SPI -3

-2.50

-1.50

-0.50

0.50

1.50

2.50

O
ct-1

4

N
o

v-1
4

D
ec-1

4

Jan
-15

Feb
-1

5

M
ar-15

A
p

r-1
5

M
ay-15

Ju
n

-1
5

Ju
l-1

5

A
u

g-1
5

Sep
-1

5

O
ct-1

5

N
o

v-1
5

D
ec-1

5

Jan
-16

Feb
-1

6

M
ar-16

SP
I V

al
u

e

Month 

SPI -6

KARAWANG SUBANG INDRAMAYU CRB



 34 

 

 

higher standard deviation comparing to the three districts. Generally, it indicated that 

meteorological drought impact in the three districts are more severe than any other locations in 

CRB. SPI -1 month captured the early mild drought emerge from May 2015 in Karawang, 

Subang, and Indramayu with values -1.46, -1.14, and -1.10 respectively. The three locations 

experienced severe drought except for Karawang which suffered from Extreme drought in 

October 2015. This is the peak of the drought and gradually decreased by the next month. The 

SPI -1 month value in October 2015; Karawang (-2.09), Subang (-1.85), and Indramayu (-1.81). 

As shown in figure 4.7, the SPI-3 and SPI -6 month indicate the start and end of the drought 

was different. The SPI -3 month indicate the drought from May 2015 to January 2016 except 

for Subang district which ended in December 2015. Meanwhile, The SPI -6 month record the 

drought from June 2015 and ended in March 2016. In addition, Appendix A show the 

distribution of SPI value in CRB from October 2014 to March 2016. 

4.3. Actual Evapotranspiration (ETa) Anomaly 
 

P-ETa  

Precipitation minus evapotranspiration describes the flux of water between the atmosphere and 

earth's surface, and therefore provides important information regarding the interaction of the 

atmosphere with the land surface. The P-ETa value from fig 4.8 are taken from 344 random 

sampling point inside the CRB.  

 
Figure 4-8 Comparing P- ETa deficit at different Latitude in CRB 

 

Figure 4.8 show the difference P- ETa value from dry season 2015 to the first three month of 

wet season 2015/2016. From the average 10 years of P- ETa, the deficit mainly occurred in June 

to September with the peak is happen in August for all the region. On the other hand, in 2015 

the P- ETa deficit started in May and ended in October. The deficit of P- ETa areas were mostly 

2015 Average 

2005-2014 
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located in the low latitude (downstream) of CRB. The lowest P- ETa value were captured in 

October 2015 by 144.85 mm/month, while the lowest average happen in September 2015. The 

2015 P- ETa value indicated that during June to October 2015, there was a high flux of water 

vapour from ground surface to the atmosphere, but low flux as a return in the region. This 

condition may impact the decrease of water storage in the surface and further will emerge 

drought if there is not sufficient water in the region. The drought will impact agriculture when 

there are intense agriculture activities in the region.  Furthermore, the high P- ETa value from 

the average 10 years condition in the region are shown during the dry season especially in 

August and September. Compared to this condition, excess water used from precipitation as 

water supply were source during June to October 2015. The excess was mainly coming from 

reservoir and groundwater. Furthermore, the deficit of P- ETa distribution map is presented in 

Appendix B. 

 

ETa anomaly in 2015 

 

 

Figure 4-9 Percentage of ETa Anomaly in CRB from May to December 2015 

 

The actual evapotranspiration from The Atmosphere-Land Exchange Inverse (ALEXI) were 

used to capture drought in 2015. From the previous result of SPI analysis, the ETa anomaly 
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from dry season 2015 and wet season 2015 (till December) are presented in figure 4.9. Figure 

4.9 colours represent the area which have value above zero to indicate the drought condition in 

the region. In the upstream, the region are dominantly a big city covered by Housing (Bandung) 

and forest. While in downstream, paddy field are the most common. High % ETa anomaly were 

mainly located in upstream during the last two seasons in 2015. The climatic factors that mainly 

increased the ETa value compared to the average 10 years are the radiation, air temperature, and 

relative humidity (Shenbin et al, 2006). The highest percentage was recorded in September 

2015. However, it was located in Subang district, downstream of CRB, with values 46.3%. The 

% ETa anomaly increased by the end of dry season 2015 (August and September) after showing 

a lower condition in July, and continued till the next two months of wet season 2015/2016 in 

downstream of CRB.  

 

 

 
Figure 4-10 Percentage of ETa Anomaly in Karawang, Subang, and Indramayu. 

 

-10

0

10

20

30

40

50

%

KARAWANG

-30

-20

-10

0

10

20

30

40

50

%

SUBANG

-30
-20
-10

0
10
20
30
40
50

May June July August September October November December

%

INDRAMAYU

Mean Max



 37 

 

 

The monthly distribution of % ETa anomaly in Karawang, Subang and Indramayu were 

extracted from % ETa anomaly in CRB. It is shown in figure 4.10 the mean and maximum value 

of % ETa anomaly in the three districts. The mean % ETa anomaly below 10%, indicated that 

the evapotranspiration condition is generally in normal condition. The negative value indicate 

that the ETa condition in 2015 is lower than average 10 years in the area. The moderate and 

severe drought class from table 3.4 are shown from the maximum value of % ETa anomaly. 

Some of the Karawang and Indramayu districts region experience the moderate drought from 

August to October. The moderate drought in Karawang and Indramayu indicated with the value 

above 20% in this period. On the other side, some locations in Subang district experienced 

severe to extreme drought in September 2015. Although the mean value indicated a normal 

condition. The severe to extreme drought was captured from September and October 2015. The 

drought were captured only in several location across the three districts. 

 

4.4. Remote Sensing Indicator 
 

4.4.1. Vegetation Condition Index (VCI) 

VCI was computed from NDVI value in the region by using equation 3.8. The monthly VCI 

was computed from 2014/2015 wet season to 2015/2016 wet season. Pixels values were 

extracted by regular point along the CRB with the distances every 0.010. Specific latitude and 

longitude are selected to present the VCI value time series. They are 107.9 East (a) and -6.3 

South   (b) in figure 4.11. The purpose of this method is to present how drought spread by time 

from upstream in the south to downstream in northern part. Furthermore, it also shows the 

drought spread from east to west or vice versa.   

Figure 4.11 (a) indicated that low VCI value located in higher latitude from (-6.2148) to (-

5.9148) during the first three month of wet season 2014/2015. The lowest peak captured in 

December 2014 with mean value 7.39. Meanwhile, the next three months of wet season 

2014/2015, high VCI value were indicated by the blue and white colour in the upstream. The 

maximum value of the period were 120.55. It was located in (107.9641304, -6.964852142) in 

February 2015. Furthermore, almost the same condition emerge in dry season 2015 and wet 

season 2015/2016 where low VCI value were captured in downstream of CRB. During the 

period of August to December 2015, the low VCI were captured along the location -5.9 to -6.26 

south, with the mean value 17.41, 15.63, 16.13, 18.60, and 19.74 respectively. VCI value range 

from 16 to 24 (Table 3.5) are classified as severe drought with class D3. The low VCI value in 

that periods has indicated that agriculture area suffered from the moderate to severe drought in 

August till December 2015.  

On the other hand, figure 4.11 (b) present the VCI value along the longitude in CRB. The 

longitude figure 4.11 (b) also capture low VCI value during the first three month in wet season 

2014. The severe drought condition were captured from east to west area of CRB. The lowest 
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peak of VCI value was located in (108.064130400, -6.3648521) from October to December 

2014 by 4.32, 3.78, 5.17 respectively. The next period of dry and wet season 2015/2016, the 

lowest VCI value were captured in the same location. It emerge from August to December 

2015. Comparing to the previous wet season, the value was slightly higher from 16.5 in October 

to 18.46 in December 2015. As a result, the severe drought condition for the last three months 

of wet season 2015/2016 were captured.  

 

Figure 4-11 Computed VCI in line (a) -6.30 South and 107.90 East 

VCI from August to October 2015 are presented in figure 4.12 in Karawang, Subang and 

Indramayu. The drought severity from VCI are indicated by colour gradient based on the 

drought class in Table 3.5.  Drought was detected in the region from August to November. The 

most affected area in CRB are in northern part, were paddy filed are mainly located in the 

region. In addition, Indramayu suffered from moderate to severe drought in the first two month 

of the period. Meanwhile, the other region mainly suffered from drought in October and 

November. In August, moderate to severe drought, representing more than 20% of total area, 

was mainly located in Indramayu district. This is also evidence along the coastal area Karawang 

and Subang. Meantime, in the lower latitude, upstream of Subang and Karawang, was mainly 

indicated with no drought. The larger area are mostly covered by mild drought. The drought 

extended in September 2015. Mild to moderate drought were mainly captured in Karawang and 

Subang. The change were mostly located in agriculture area. In the same time, moderate to 

severe drought impact became widespread along the Indramayu district. It was also evident in 

Karawang district, that the moderate to severe drought increased by 30% from August 2015. 

During the first two months of rainy season 2015/2016 (October and November), the moderate 

to severe drought condition were dominant in Karawang and Subang. It was increased from 

(a) (b) 



 39 

 

 

30% of the area become 50% in November. On the other hand, Indramayu region were started 

to recover from severe drought. By November 2015, the region was mainly covered by mild 

drought. Appendix C was shown that Karawang, Subang and Indramayu recovered from the 

Drought condition in January to March 2016.  

 
Figure 4-12 VCI Variation in Subang, Karawang and Indramayu, 2015. 

 

4.4.2. Temperature Crop Index (TCI) 

TCI were calculated from Landsat 8 Band 10 to characterize drought in CRB. Due to the high 

cloud cover in CRB, particularly in rainy season, the image that can be computed in the region, 

are very limited. Figure 4.13 show the computed TCI in CRB with a low cloud cover condition 

in 2015. Dry soil can be visualized from the surface temperature condition. The lowest value 

of TCI indicates that the soil condition tend to be dryer. The most affected area were located in 

western part of CRB with range from [108.18402, -6.39487, 107.02402, and -7.19487]. Severe 

to extreme drought were captured in this region throughout Augustus and September 2015. As 

show in figure 4.13, it is mainly located in Indramayu district. In addition, central CRB, 

particularly in Karawang and Subang, mainly experienced from moderate to severe drought. 

Around 22% of the region were impacted by moderate to severe drought in August and 

increased to 33% in September 2015. The drought impact which indicated from figure 4.13 

were extended to the upstream area. In October 2015, the previous region which suffer from 
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severe to extreme drought, were indicated decrease to the mild and moderate drought. 

Meanwhile, in higher latitude of CRB, severe to extreme drought were captured. The variety of 

TCI value in this region were range from 0 to 20. More than 15% of the total CRB area were 

suffered from severe to extreme drought impact in October 2015. 

 
Figure 4-13 TCI variation from CRB region (a) August, (b) September, and (c) October. 

 
Figure 4-14 Spatial Variation of TCI in Subang, Karawang and Indramayu. 

 

(a) (b) (c) 
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4.4.3. Vegetation Health Index (VHI) 

VHI value represent the contribution of soil moisture estimation and surface temperature to 

determine the vegetation condition from remote sensing. The result of VHI are presented in 

figure 4.14.  

 

Figure 4-15 VHI Variation in period of July, August, September and October 2015. 

Figure 4.15 shows that drought extent intensified in CRB from July to August 2015 particularly 

in Indramayu district. High frequency of mild to moderate drought has been shown in the figure. 

The most impacted area were moved from the northern part in July to central region of CRB in 

August. The mean value of VHI in July was about 45.6% with the minimum value down to 3%. 

Karawang district was the most impacted region for moderate to extreme drought condition in 

this period. Meanwhile, in August, 49.6% of the region were identified with drought. It 

increased by 5% comparing to the previous month. More than 13% of the region suffered from 

severe to extreme drought. It was mostly located in Indramayu districts and central of Karawang 

district. Furthermore, VHI value indicated that the drought level increased in September and 

October 2015. This period is the transition period from dry season to wet season. In September, 

the mean VHI value dropped to 36.4% which indicated that at the period, most of the vegetation 

in the region had been affected by drought with a moderate to severe magnitude. In Indramayu, 

severe to extreme drought had emerged dominantly in September 2015. Meanwhile in October, 

more than 60 % of the region suffered from mild to moderate drought. Although in several 
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location, particularly in upstream and central of Subang, moderate to severe drought were still 

found on 24.5% of total area in CRB. Moreover, Indramayu district was the most affected with 

low VHI value in September and October 2015. In addition, low VHI value also captured in the 

upstream of CRB.  

4.5. Determination of Drought Indicators 

In order to determine the most suitable indicator that can examine the 2015/2016 drought event, 

a table to relate indicators and drought impact for paddy field area were generated. The 

indicators value are based on the most dominant drought indicator value which were correlated 

to the drought severity class. This table will be divided into three month of dry season (June – 

September) and wet season (October to December).  

Table 4-3 Relation between drought indicators and impact in paddy field in Karawang district 

No Indices 
  Karawang     

June July August September October November December 

Drought Impact 

(Ha) 
412  717  299  50  

               

-    
 -   -  

1 SPI-1 D2 D2 D1 D1 D3 D1 - 

2 SPI-3 D3 D2 D2 D1 D2 D2 D2 

3 SPI-6 - - D2 D2 D3 D3 D3 

4 

% ETa 

Anomaly 
D1 D1 D2 D2 D2 D2 D1 

6 VCI D2 D1 D2 D2 D2 D2 D1 

7 TCI - D3 D1 D2 D1 - - 

8 VHI - D2 D1 D2 D1 - - 

Data collection from Food Crop and Horticulture Protection Center-WJP, 2017 

 Table 4-4 Relation between drought indicators and impact in paddy field in Subang district 

No Indices 
Subang 

June July August September October November December 

Drought Impact 

(Ha) 
585 5,275    1,083  39  -     -   -  

1 SPI-1 D3 D2 D1 D1 D3 D1 - 

2 SPI-3 D2 D3 D3 D2 D2 D2 D2 

3 SPI-6 D1 D1 D2 D2 D3 D3 D3 

4 

% ETa 

Anomaly - - 
D1 D2 D2 D1 D1 

6 VCI D1 D1 D2 D2 D2 D2 D1 

7 TCI - D3 D1 D1 D1 - - 

8 VHI - D2 D1 D1 D1 - - 

Data collection from Food Crop and Horticulture Protection Center-WJP, 2017 
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It shown from table 4.3 and 4.4 that SPI-1, SP-3, VCI, TCI, and VHI are the relevant indicators 

that can examine drought during dry season. In addition, SPI-3 and TCI are very relevant to 

determine extreme condition. In the other hand, several indices captured moderate to severe 

drought in period of October to December. The impact for agriculture in this period relatively 

zero. It can cause a delay for about a month in planting season waiting for the rainy season 

started. 

Table 4-5 Relation between drought indicators and impact in paddy field in Indramayu district 

No Indices 
 Indramayu 

June July August September October November December 

Drought Impact 

(Ha) 
5041 14,588  13,265  871  4,506   -   -  

1 SPI-1 D3 D2 D1 D1 D3 D1 - 

2 SPI-3 D2 D3 D3 D1 D2 D2 D2 

3 SPI-6 D1 D1 D2 D2 D3 D3 D2 

4 

% ETa 

Anomaly - - 
D1 D2 D3 D1 D1 

6 VCI D2 D1 D2 D3 D3 D2 D1 

7 TCI - D1 D2 D3 D1 - - 

8 VHI - D1 D3 D3 D2 - - 

Data collection from Food Crop and Horticulture Protection Center-WJP, 2017 

Based on figure 4.5, The SPI-1, SPI-3, SPI-6 and VHI are relevant to capture drought impact 

in agriculture sector. SPI-3 is the most suitable to examine the extreme drought event for 

agriculture in Indramayu district. Moreover, SPI-6, ETa Anomaly, and VCI identified severe 

drought which also relevant with the impact in agriculture. 

Pearson Correlation among the indicators were generated at CRB. The correlations were 

generated for July, August, September and October 2015. The following tables present how 

well each drought indices closely correlate to examine drought with other indicator in a same 

location.  

Table 4-6 Correlation Coefficient in July 2015 

 Indicators SPI-1 SPI-3 SPI-6 

Eta 

Anomaly VCI TCI VHI 

SPI-1 1       
SPI-3 0.76 1      
SPI-6 -0.43 -0.37 1     

Eta Anomaly 0.12 0.28 -0.17 1    
VCI 0.02 0.00 0.02 -0.06 1   
TCI 0.36 0.48 -0.47 0.12 0.05 1  
VHI 0.35 0.46 -0.44 0.10 0.29 0.97 1 
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Table 4-7 Correlation Coefficient in August 2015 

 Indicators SPI-1 SPI-3 SPI-6 

Eta 

Anomaly VCI TCI VHI 

SPI-1 1        

SPI-3 0.62 1       

SPI-6 0.49 0.74 1      

Eta Anomaly 0.14 0.27 0.17 1     

VCI -0.16 -0.08 0.04 -0.17 1    

TCI -0.46 -0.31 -0.25 -0.14 0.26 1   

VHI -0.44 -0.29 -0.20 -0.16 0.56 0.94 1 

Table 4-8 Correlation Coefficient in September 2015 

 Indicators SPI-1 SPI-3 SPI-6 

Eta 

Anomaly VCI TCI VHI 

SPI-1 1       
SPI-3 0.85 1      
SPI-6 0.25 0.13 1     

Eta Anomaly 0.18 0.10 0.37 1    
VCI -0.06 -0.02 -0.34 -0.18 1   
TCI -0.03 0.00 -0.14 0.03 0.32 1  
VHI -0.03 0.00 -0.21 -0.02 0.59 0.95 1 

Table 4-9 Correlation Coefficient in October 2015 

 Indicators SPI-1 SPI-3 SPI-6 

Eta 

Anomaly VCI TCI VHI 

SPI-1 1       
SPI-3 0.04 1      
SPI-6 0.23 -0.62 1     

Eta Anomaly -0.09 0.21 0.12 1    
VCI -0.16 0.17 -0.19 -0.12 1   
TCI -0.12 0.12 -0.03 0.02 0.53 1  
VHI -0.15 0.14 -0.07 -0.02 0.71 0.97 1 

The highlighted correlation coefficients from table 4.6 indicate that there are significant 

correlations between the indices at 95% with t-test >1.965; for df 664. Strong and positive 

correlation were indicated between SPI-1 and SPI-3, except for October. In addition, positive 

correlation was also found between VHI with TCI and VHI. Moreover, medium and positive 

correlation were indicated between SPI-1with SPI-6; TCI with VCI and  
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4.6. Relevant Drought Monitoring Information 
 

National Government 

The SSI had been conducted for the three different stakeholders related to agricultural activities 

in CRB.  National Government is the first stakeholders that have responsibilites for policy 

making, management, and evaluation. The current information related to drought in agriculture 

sectors were produced by BMKG and Department of Agricultural Research and Development 

under Ministry of Agriculture. The drought indicator from BMKG is based on the SPI-1 month 

which is updated every month. This indicator is published at national level from the official 

website of BMKG. Furthermore, BMKG also monitors the consecutive no of rain days which 

is updated every 10 days at the national level. The current drought monitoring from BMKG is 

limited especially for agriculture sector. These two indices cannot capture the agricultural 

drought adequately in term of the magnitude, duration, and the impact. From global climatic 

condition such as ENSO and Dipole Mode, BMKG updates the information every two weeks. 

This information is also important since the two global phenomenon have influenced to 

decrease or to increase precipitation in CRB. Head of Research and Development of 

Climatology and Air Quality informed that the current drought information from BMKG is 

already designed in such an informative way so that users can easily understand the information. 

This information can be used by stakeholder as the supporting information for planning and 

policy making. 

Meanwhile, the Department of Agricultural Research and Development produces agricultural 

drought endemic map. The map derived from the historical drought occurrence for paddy field 

in district level. This information is updated every three months along with the prediction of 

planting season. Based on the interview from the selected stakeholders at the national level, all 

of them are agree that agricultural drought monitoring is important to minimize the impact of 

droughts. Moreover, Director of Irrigation for Agriculture said that even in the scale of national 

level, the drought impact for agriculture are below 3%, but if we calculated the number of 

farmers that suffered from the drought, it becomes a national issue. Furthermore, the current 

agricultural drought information is inadequate because it is not in the real time and is only 

updated in a longer time period. Based on the information from the head of sub directorate of 

climate and water conservation for agriculture, drought information should be based on the 

climatic condition, hydrological boundaries and directly monitor the crop condition in shorter 

time basis, before, during and after the planting season. In addition, the former head of Sub-

directorate Climate Change Impact for Food Crop suggested to develop the drought monitoring 

for food crop the standing crop condition should be included to get the information on water 

need for food crop during the drought event.  

The Head of Research and Development of Climatology and Air Quality indicated that to 

develop drought information for agricultural purpose, there is a need of cooperation between 
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departments at the national level. BMKG as the core of the climatic monitoring is ready to 

corporate with other departments. In addition, the current drought monitoring information can 

be used to support the development of the drought information for agricultural purpose.  

Local Government 

In local government, PJT II and agricultural department at district level were asked questions 

related to the drought information. In Ir. H. Djuanda reservoir, the water for agricultural purpose 

is the second priority after drinking water. Based on the information from the Special Expert of 

Water Resources Management, PJT II is responsible to provide water for agriculture based on 

Governor of West Java Decree in CRB for every planting season. The water supply in the 

reservoir is always matched to the water demand for agriculture in every season. In fact, for the 

past 5 years, the reservoir level in every month is always above the dead storage (figure 3.5). 

However, dry spell that affected food crop are recorded in downstream of CRB every season. 

PJT II officers indicated that the main cause of water shortage in downstream of CRB is the 

farmers discipline to follow the cropping pattern and irrigation schedules that had been agreed 

by farmers and PJT II. Generally, PJT II allocates water for every stage of rice crop by four 

times based on the schedule and distance of the rice field to the main reservoir.  However, 

during dry season of 2015, PJT II allocated water for farmers more than 5 times due to the lack 

of farmers discipline in term of the irrigation schedule. Therefore, the crop failures as the impact 

of water deficit in CRB are mainly because of the management problems. However, drought 

information is also important to improve the water management in CRB and to increase the 

awareness of water users. PJT II needs drought information in advance. This information will 

be used for planning to estimate the crop water needs in one season. Climate predictions 

including drought information for the next three to six months are very important to decide how 

many hectares of the agricultural area to be to utilize. Moreover, it is also important to estimate 

the prospect of water supply in the reservoir. Related to the drought information, meteorological 

and hydrological aspects need to be considered. In addition, drought impact are different for 

water users/sectors, which may also be included.  

Agricultural officers at district level were also interviewed. Local government is responsible to 

help farmers in agricultural activities. Local government is also responsible to identify and to 

record the agriculture area which has been affected from drought. The officers from the three 

districts were asked questions related to drought information used and dissemination to farmers. 

Currently, information related to drought that is being used, is published by the meteorological 

agency in the district. The meteorological agency published a three months updated bulletin 

related to the climate analysis and prediction for the past and next three months. This 

information is considered to anticipate the upcoming drought. Meanwhile, to monitor the 

standing crops condition in the region, the local government relied on extension workers in 

rural areas to periodically report the standing crops condition. Agricultural drought monitoring 

information is required at district level which so far is inadequate. A standing crop condition 

monitoring related to drought will become essential to minimize the drought impact.  
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Farmers 

Farmers were selected in three districts located in irrigation area and non-irrigation area. 

Karawang district, farmers in Pangkalan sub district represent as non-irrigated area. Meanwhile, 

in Pakis Jaya sub district represent as irrigated area. Both farmer groups understand the 

importance of the information. It can help farmers to cope with the dry condition and minimize 

the losses from drought impact. The information have to be understandable for farmers to read, 

including the magnitude and duration of the drought, the planting and irrigation schedule. 

However, farmers in Pakis Jaya told that the most important for agricultural activities are to 

improve the irrigation performance. They feel that the current irrigation condition make the 

drought impact in their region worst. 

Furthermore, farmers from Subang were located in Binong and Cipunegara sub district 

represent as the irrigation area. The farmers in both location feel that the drought information 

need to be disseminated and socialized by the local government. Related to the drought 

indicators, a simple and informative information are the most important for them. They are 

willing to learn how to read and utilize the information for agriculture planning and 

management. Because of climate change, farmers feel that local wisdom is not relevant 

anymore so that they need an information that can be trusted. In addition, the information may 

include the irrigation schedule in their region, type of crops, fertilizer seed and tractors 

availability. Related to the accessibility, farmers in Subang prefer to get the information freely 

available and easy to access, for example, it can be displayed in the meeting hall in their location 

or short text messages for farmer groups.  

On the other hand, farmers in Indramayu which is located in Gabus wetan and Losarang sub 

districts feel that government at local or national level have to be responsible to help farmers to 

mitigate drought impact. Drought information particularly drought indicators are very useful in 

a policy making process. While at farmer level, infrastructure and facilities to increase 

production are the most relevant for them. 

To summaries the result of field study in the CRB, table 4.9 is generated from the possible 

answer related to the drought information in the region. The drought information for these three 

different stake holders were mainly different in term of content and purpose. However, all 

stakeholders were agreed that drought information should be available in advance before the 

start of planting season. National government want to get drought information in a 

comprehensive information and data including the standing crops condition. While different 

water users that are affected by drought also important to consider for PJT II. In addition, farmer 

groups in Indramayu and Karawang prefer to get support on irrigation improvement to cope 

with drought. 
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Table 4-10 Summary of Relevant Drought Information for CRB 

Stakeholders Understand ability Relevant Information Accessibility Timeliness Scope 

National 

Level 
MOA 

Prefer presented in 

national language.  

Meteorological and agricultural drought 

indicators, location of drought, reservoir 

availability, and some analytical data to explain 

related to drought prospect. Climate 

information. 

Freely available including the 

data and information. it can 

be accessed from Website 

and mobile phone application 

1. Climate prediction 

for the next three to 

six month. 

2. Monthly basis 

Drought information  

National level, in district 

and hydrological 

boundaries. Medium 

resolution 

Local Level 

PJT II 

Prefer presented in 

national language 

Drought location, meteorological and 

hydrological drought indicators, some 

analytical data to explain related to drought 

prospect. Potential planting area. 

Freely available including the 

data and information. . It can 

be accessed from Website or 

in official published. 

1. Climate prediction 

for the next three to 

six month. 

2. Monthly basis 

Drought information  

At hydrological 

boundaries including 

different sectors. High 

resolution 

Agriculture 

Officers 

Prefer present in 

national language. The 

information less 

scientific terminologies. 

Provide with some 

understandable 

explanation. 

Mainly agricultural drought indicators can be 

present in a map or table, drought locations 

potential of pests and diseases for food crops, 

water availability in the region. Standing crop 

condition.  

Freely available, it can be 

accessed from Website and 

mobile phone application or 

in official published. 

1. Before the planting 

season started, three 

to six month 

prediction. updated 

on monthly basis 

2. Weekly information 

for standing crop 

condition. 

In district level with high 

resolution. 

Farmers 

Karawang 

Prefer presented in 

national or local 

language with more 

simple narrative and 

attractive figures 

Drought prospects, potential of pests and 

diseases for food crops, crops varieties 

recommendation, water availability in the 

region, fertilizer and seed availability 

information.  

Freely available, it can be 

accessed in meeting hall, TV, 

Radio, mobile phone 

application.  

Before the planting 

season and updated on 

monthly basis 

The scope focused on 

agricultural activities in 

their region 

Subang 

Prefer presented in 

national or local 

language 

Drought prospects, potential of pests and 

diseases for food crops, crops varieties 

recommendation, water availability in the 

region, fertilizer and seed availability 

information.  

Freely available, it can be 

accessed in meeting hall, TV, 

Radio, mobile phone 

application.  

Before the planting 

season and updated on 

monthly basis 

The scope focused on 

agricultural activities in 

their region 

Indramayu 

Prefer presented in 

national or local 

language 

Drought prospects, potential of pests and 

diseases for food crops, crops varieties 

recommendation, water availability in the 

region, fertilizer and seed availability 

information.  

Prefer information related to the infrastructure 

improvement and law enforcement related to 

the irrigation schedule. 

Freely available, it can be 

accessed in meeting hall, TV, 

Radio, mobile phone 

application.  

Before the planting 

season and updated on 

monthly basis 

The scope focused on 

agricultural activities in 

their region 
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CHAPTER 5 

5. DISCUSSION 
This chapter explains the discussion of results related to the 2015/2016 drought event, 
drought indices performance in term of the effectiveness to describe the 2015/2016 
drought event and the drought information in the region. In addition, the limitations of 
the research are also included. 

 

5.1. Analysis of 2015/2016 Drought Event 
From 35 years of precipitation data, SPI analysis can identify past drought event in CRB. 

Drought with severe to extreme classification has occurred more than ten times in the region. 

The last extreme drought event which affected more on the agriculture sector in the region was 

2003 drought event (figure 4.1). In this period, drought indices from SPI indicated that drought 

appeared from March to September 2003. The maximum SPI-1, SPI-3, and SPI-6 values were 

(-2.08) in March, (-2.41) in May, and (-2.33) in August respectively. Moreover, Aulia et al. 

(2015), also captured the high intensity of drought in 2013 from EVI and SPEI indices at WJP. 

In addition, it has been found that the drought impact in rice crop mostly because of heat stress 

on paddy crop and precipitation decrease.  

The 2015/2016 drought event is mainly classified as moderate to severe drought. It can be seen 

from the result of SPI, VCI, TCI and VHI drought indices. While the ETa also shows how the 

P-ET had negative value in 2015. Based on computed SPI CHIRPS, the 2015/2016 drought 

emerged from May 2015 and ended in January 2016. The drought extended from October to 

December, particularly from SPI-3 and SPI-6. In addition, the drought impact on paddy at WJP 

recorded from May to December 2015. 

Furthermore, VCI and TCI indicated the drought occurred in the downstream area. The result 

including VHI marked the drought closely located in the paddy field area. With a higher 

resolution, VHI examined that the crop condition in the current period was affected by moderate 

to severe drought. In line with this result, Sholihha et al (2016) revealed that from the long term 

sequence (2000 to 2015), the 2015 drought was captured extent with severe magnitude.  The 

2015 drought was signed by the increase of LST value and the decrease of NDVI value 

compared to the year of 2000, 2005, and 2010.  

Table 5.1 shows the drought indices performance to characterize the drought event in 

downstream of CRB. Indramayu district is the most affected region followed Karawang and 

Subang in downstream of CRB. It can be seen from the crop failure by more than 33.000 ha 

(table 4.5) in Indramayu. The paddy field which were affected in Indramayu are mainly located 
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in the tail of the irrigation scheme. They sometimes didn’t get enough water for agriculture 

particularly in the drought year.  

5.2. The Effectiveness of Drought Indicators  
SPI with difference time step has been computed in order to characterize past drought and 

particularly 2015/2016 drought event. The severe and extreme drought has been recorded in 

1982/1983, 1990, 1991/1992, 1995, 1997/1998, 2003, 2006/2007 and 2011 and 2015/2016. In 

addition, SPI-1 also captured severe to extreme drought in 1988 and 2007. The SPI had also 

demonstrated good performance to characterize drought in Pemali-Comal River Basin located 

to the east side of CRB by using TRMM satellite rainfall (Levina et al, 2016). The SPI-1 value 

fluctuation follows the drought impact pattern in the region while SPI-3 and SPI-6 more related 

to hydrological drought as the accumulation of several months of dryness condition (NDMC, 

2018). The 2015/2016 drought event, SPI characterize drought with moderate to severe 

magnitude, with duration nine months from May 2015 to December 2016 (Appendix A). 

Indramayu was captured as the most affected region in downstream of CRB followed by 

Karawang and Subang districts. A similar result was also captured by Purnaningtyas et al 

(2017), where downstream of CRB have medium to high probability of dry spell for more than 

5, 10, 15 and 20 days. 

In contrary, % ETa anomaly indicate mild to moderate drought in CRB. The % ETa anomaly 

identified drought from May to June 2015 and August to December 2015. High value was 

mainly located in the upstream of CRB. However, moderate drought was captured from August 

to October 2015 at downstream of CRB. The highest value of ETa anomaly was located at 

Subang in September 2015. In addition, the P- ETa map indicate that in 2015, high deficit of 

precipitation to evaporation was located in downstream of CRB (Appendix B). Land use 

change, the shifting of cropping pattern and schedule, and other factors have influenced the ETa 

in monthly or seasonally. The change in relative humidity and temperature in tropical climate 

like CRB, has been proposed directly influence P-ET value (Chadwick et al. 2013).  

From the NDVI analysis to characterize 2015/2016 drought in CRB, cloud cover was a big 

issue that affected the real value of NDVI in the region. HANTS algorithm had been satisfied 

to estimate monthly NDVI from a limited data. HANTS estimate he current value from the 

same location and at different time periods. The HANTS performance can be seen from VCI 

value. The VCI signify the moderate to severe drought in downstream of CRB from August to 

December 2015. The low VCI were captured from latitude (-5.9) to (-6.26) south, which mostly 

located in Indramayu. On the other hand, high cloud cover condition in the region have become 

a major problem to estimate the LST and further the TCI. The high cloud cover mostly exist 

during rainy season where monsoon season has increased the cloud growth rate. The visible 

image mainly appear from July to October. The analysis of 2015/2016 drought from TCI has 

actually shown a good performance. The TCI capture the drought from July to October 2015. 

The TCI signified how the drought shift from the downstream to the centre of CRB. The VHI 
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computed in the same period of TCI due to the cloud cover problem. From July to September, 

downstream of CRB were mainly affected while October the upstream of the region took the 

place. Sholiha et al, (2016) analysed the 2015 agricultural drought in Karawang and Subang 

(downstream of CRB) with remote sensing indices (VHI and TCI). Comparing to this study, 

even though the analysis in a different time scale, both were able to capture 2015 drought event 

in the location. Sholiha et al, (2016) captured severe drought at Karawang and Subang in dry 

season 2015, while this study capture mild to moderate drought in the locations.  

 
Figure 5-1 Spatial Variation of Drought Indices in October 2015 

Figure 5.1 shows the drought distribution at CRB in October. All the selected drought indicator 

were identified drought condition in October 2015 with different magnitude. SPI indicate all 

the region suffer from severe to extreme drought condition in October 2015. However, the ETa 

anomaly indicated drought emerge in the upstream and downstream region particularly in 

Bandung and Karawang District.  Meanwhile, the NDVI based indices captured drought in 

different location and magnitude. VCI was captured a mild to moderate drought and was mostly 

located at downstream of CRB. On the other hand, VCI indicated sever to extreme drought at 

the upstream of CRB and between Subang and Indramayu at downstream CRB. Furthermore, 

VHI indicated similarly the same region like TCI with moderate to severe drought.  
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In addition, the correlation between indicators has shown how well the indices examine drought 

in the same period and location. Significant correlation were indicated between SPI-1 and SPI-

3 with 95% significant. The strong and positive correlation was also indicated from July to 

September 2015 by 0.76, 0.62 and 0.85 respectively. In the other word, when the SPI-1 value 

strongly related with the SPI-3 value.  The significant correlation were also identified between 

VHI with TCI and VCI. It was indicated a positive correlation for these indices. In addition, 

Zhou et al, (2016) compared five indices for agricultural drought monitoring including TCI, 

VCI, and VHI. The result indicated VHI the third best correlation to the winter wheat yield 

follow by TCI and VCI.  By a strong correlation, SPI-1 and SPI-3 were able to characterize 

drought in CRB by normalized the precipitation time series. Meanwhile, TCI and VHI was 

suitable for agricultural drought monitoring in CRB with a better resolution.    

  

5.3. Drought information for stakeholders 

Drought indicator information is important to help stakeholders in drought management. The 

SSI at the field study revealed that in National level, there is still lack in drought management 

particularly the used of drought indicator in the decision making for agriculture activities. The 

current drought indicators were not disseminated properly based on stakeholders capability and 

needs. National government and PJT II are willing to get more scientific information and data 

while farmers and local government tend to get the simplification of drought information with 

a modest description.  In addition, BMKG is ready to collaborate with agriculture sectors to 

develop the drought information for farmers and other relevant sectors.  

 

5.4. Limitations of the research 

The limitations of this study are:  

 This study was only focused the agricultural sector particularly in paddy field area; 

 The land used change is not consider in the analysis of agricultural drought indicator; 

 The research was not able to provide the fixed time period for all indices due to the lack 

of data resources;  
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CHAPTER 6 

6. CONCLUSION AND RECOMENDATION 
This chapter outlines the conclusion drawn from the research and recommendations 
for the improvement of drought monitoring and assessment in the study area. 

 

6.1. Conclusion 
Drought monitoring tools play an important role to improve drought management as they 

provide information to execute drought management action in the region. The main output of 

this research is to determine the best indicator that can examine the drought event in the region. 

This research indicated that the remote sensing and hydro-meteorological indices were able to 

describe drought events in the region. While the hydro-meteorological indices are very suitable 

to examine drought for various sectors, longer time series and in wider level concerning the low 

resolution of this indices. The Landsat dataset for agricultural indices are very suitable for 

agriculture drought monitoring on large scale of a region and also in small scale with the high 

resolution.  

The 2015/2016 drought event was examined by analysing several drought indicators including 

SPI-1, SPI-3, SPI-6, ETa anomaly, VCI, TCI, and VHI. The result of past drought analysis from 

SPI, indicated that an increase of severe drought in the region particularly in downstream of 

CRB is expected. Furthermore, SPI analysis has revealed the start and end of drought, the 

duration and the magnitude of the drought in CRB. The SPI-1 and SPI-3 are suitable to 

characterize drought especially for paddy field concerning the paddy crops ranged from 100 to 

120 days. On the other hand, ETa with the combination of precipitation data give a clue on how 

the water deficit emerged during the 2015/2016 drought event. It mainly emerged from July to 

October 2015. The % ETa anomaly can captured the drought with mild to moderate magnitude 

which mostly located in the upstream of CRB. The NDVI analysis including VCI, TCI and VHI 

reveal that drought occurred from July to October 2015. In addition, the magnitude of drought 

in this period mainly from moderate to severe. The most impacted region is located in 

downstream of CRB, particularly in Indramayu district. It is also revealed that there is a very 

high chance of cloud cover in the region. This become a problem to do the time series analysis 

by using satellite based indicator. 

Additionally, to develop a comprehensive drought management information in the region, it 

needs to involve all stakeholders from national level to farmers. The information should be free 

and easy to access. Farmers prefer to get a simplified and modest information related to drought 

management. In addition, Irrigation improvement/modernization are more relevant action for 
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them to cope with the drought event. Meanwhile, MOA are willing to have more scientific 

information for policy and decision support. Still, downscaling of drought indicator at the 

district level need to be develop for a better drought management in specific locations. 

 

6.2. Recommendation 

The recommendations for the future studies concerning the limitation and the output of this 

research are as follow: 

- In this study, meteorology and agriculture drought indices were computed but 

hydrological aspects are also need to taking account to conduct time series analysis on 

the impact to the ground water, reservoirs and river or lake.  

- HANTS algorithm performance were proven to estimate NDVI pixel value due to the 

cloud cover and lack of data time series. The same algorithm need to be developed for 

the time series temperature analysis by using satellite images.  

- A comprehensive analysis for relevant information for drought management needs to 

be done separately to get deep understanding of the stakeholders need in agricultural 

drought management.  
- TCI and VHI with the less cloud cover are the most suitable for agricultural drought 

monitoring in the region and in Indonesia. They can contribute to monitor the intensity, 

duration, and onset/offset of agricultural drought in the region. Therefore, the cloud free 

methodology need to be applied for LST before defining the TCI time series.   
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APPENDICES 
 

Appendix A. Computed SPI-1, SPI-3, and SPI-6 from October 2014 to March 2016 
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Appendix B Computed P-ET from May to December 2015 
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Appendix C Computed VCI from May 2015 to March 2016 
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Appendix D Interview result in CRB 

 

1. Questions for National Government 

Sub-Question Institution Interview Questions  Possible Answer 

1. What kind of 

Drought 

information is 

being 

published? 

BMKG and 

Department of 

Research and 

Development 

for Agriculture 

(RDA) 

1. How many types of drought information 

including drought indicators are 

currently produced by the institution? 

2. What are the main resources to design the 

drought information in a national level? 

3. What factors are taken into consideration 

when designing the drought information? 

4. Who are the main stakeholders involved 

in the development of the drought 

information? 

5. Who are the target groups and what is the 

scope of this drought information? 

6. How and who can access the drought 

information, including the periodical 

updated how many time in a season or 

year? 

7. How well the current information fitted 

to the real event in Indonesia? 

8. What needs to be improved, especially 

the drought indicators, to increase the 

reliability of the information? 

1. The current drought monitoring information in BMKG there is only 

based on climatic information which divided into SPI, No-rainy days 

monitoring and soil water content. From RDA, the drought endemic 

information also has been provided. 

2. Historical climatic information and Drought impact for agriculture 

3. The resolution or level, periods of updated, target users, published 

method and climatic aspect 

4. BMKG, MOA, PUPR, LAPAN, and BNPB 

5.  The target groups of this information can be anyone who can access 

from website BMKG. Some specific information is published in a 

bulletin to several corporate institutions. 

6. The drought information in BMKG website is freely available and 

updated periodically based on the indices. 

7. For No-rainy day’s indicator, the information are very well because 

the monitoring is in a real-time.   The other indicator also very decent 

to use and the performance are quite well.  

8. Currently, the information based on the meteorological aspect, it is 

needed to develop for agricultural and hydrological aspects. For 

agricultural purposed, a downscaling of drought indices need to be 

developed to increase the reliability and accuracy of the indicators.  
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Sub-Question Institution Interview Questions  Possible Answer 

2. How the 

drought 

information are 

being used by 

national 

government 

related to 

agriculture? 

 

 

Directorate 

Irrigation for 

Agriculture 

(DIA), Sub 

Directorate of 

Climate 

Change Impact 

for Food Crop 

(CCI) 

1. Is there any national policy related to agricultural 

drought management? 

2. What is the role of your organization in the 

development and implementation of national sector 

policies and strategies related to agricultural 

drought management? 

3. Who determines the need for national sector 

policies and how are they developed related to 

agricultural drought management?  

4. What are the main drought information especially 

drought indicators are being used related to the 

agriculture sectors? 

5. How the drought information are structured and to 

whom the agricultural drought information will be 

disseminated? Local government or directly to 

farmers? 

6. What factors are taken into consideration when 

structuring the agriculture drought information? 

7. How the agricultural drought information are 

disseminated? What is the main media has been 

used? 

8. Have there been an impact on the decline of the crop 

failure by implementing drought management? 

9. What kind of drought information are need to be 

improved in term of drought indicators, duration 

and scale, and dissemination access? 

1. Some guidance have been published related to adaptation 

and mitigation of climate change for agriculture. 

However, the national policy for agricultural drought 

management needs to be developed. Because the current 

drought management are still ad hoc based on the 

drought occurrence. 

2. DIA role is to help farmers to improve irrigation system 

in tertiary level and to increase the water supply in local 

level. CCI responsible to record drought impact for food 

crops and help farmers to mitigate the impact. 

3. Agricultural Planning Agency is the one has the 

responsibilities with the involvement of relevant 

directorate in MOA. 

4. Historical drought map, dry spell monitoring and SPI 

from BMKG. 

5. The information in national level with the published 

period from one two three months. The agricultural 

drought indices has not been used. 

6. – 

7. – 

8. The current drought management is based on ad hoc 

reaction to the drought impact in paddy field 

9. The scientific on drought monitoring in national and local 

level. With the time periods every two weeks or a month. 

The information can be access from website, mobile app 

and bulletin. 
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2. Questions for Local Level 

Sub-Question Institution Interview Questions  Possible Answer 

3. How the role of 

drought 

information 

can contribute 

to meet the 

agricultural 

water demand 

while the 

drought occur? 

River Basin 

Organization : 

PJT II 

1. How does the organization determine the 

water needs for the agricultural activities 

every season? 

2. What is the main priority of the reservoir 

operation and how it determine? 

3. What factors are taken in to consideration 

to meet the water demand for agriculture? 

4. How are the balance of water demand and 

supply in the region related to agricultural 

activities? 

5. How the organization can sure the 

farmers get the water for agricultural 

activities?  

6. What are the main drought information 

especially drought indicators are being 

used/received related to the irrigation 

operation? 

7. How is the role of drought information in 

term of reservoir operation and Irrigation 

management in the region? 

8. What kind of drought information are 

need to be improved in term of drought 

indicators, duration and scale, and 

dissemination access? 

1. The water demand based on the Governor of West Java Decree in 

CRB for every planting season. 

2. Drinking water, Irrigation and Electricity 

3. Curve rule of the reservoir, the climate prospect in the region and 

total irrigation demand in every season. 

4. In theory the water supply can fit to the water demand in 

downstream CRB. But most of the time some regions suffered from 

dry spell due to the lack of law enforcement in planting schedule 

and illegal pumping in the upstream. 

5. The maintenance of main canal regularly and assign extension 

worker for irrigation to guard and monitor the irrigation flow. 

6. Every season PJT II always asked BMKG for the climate prospect 

and drought prediction in advance to anticipate water deficit in 

reservoir. 

7. The drought information are taking into consideration by the 

decision making for reservoir planning and drought mitigation 

action. 

8. The specific drought location should be provided, meteorological 

and hydrological drought indicators with hydrological boundaries, 

some analytical data to explain related to drought prospect. 

Potential planting area to estimate the water demand on agriculture. 

The information should include climate forecast from three to six 

month. The information can be access from website, mobile app 

and bulletin. 
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9. What is the challenge in the RBO to meet 

the demand for agriculture? Especially 

when the drought occurred? 

9. PJT II does not have the power to control farmers for taking the 

irrigation illegally during drought condition. Moreover, the crop 

recommendation by agriculture sectors when drought condition are 

mostly not complied by farmers that increase the water demand. 

The most important related to the monitoring of drought impacts 

for agriculture to decide the priority scale in the region. 

 

 

Sub-Questions Institution Interview Questions  Possible Answer 

4. What kind of 

Drought 

information is 

being used to 

prevent and 

mitigate 

drought event? 

Agriculture 

agency in three 

districts 

(Karawang, 

Subang, and 

Indramayu) 

1. How did the local government help 

(government role) farmers in agricultural 

activities in term of planning, managing 

and monitoring? 

2. Who has responsible for disseminate the 

drought information for farmers? 

3. How is the current drought management 

implemented in the local level? And 

which area are more vulnerable to 

drought in the region? 

4. Are there any training for farmers and 

extension worker related to drought 

management? If there is, what is the most 

important aspect that they learn from the 

training? 

5. What kind of information that 

government used for drought 

1. Local government give recommendation related to the planting 

schedule, crop pattern, seed and fertilizer needs and support related 

to improve irrigation performance in tertiary level. 

2. Crop protection section is the main division that responsible for 

drought information dissemination with the helps from extension 

worker for agriculture in the field. 

3. The drought management still based on the ad hoc action. The most 

vulnerable area are located far from the main canals and the rainfed 

agriculture. 

4. Training for farmers related to the adaptation and mitigation to 

climate change called Climate Field School from Directorate 

Irrigation for Agriculture. The most important lesson is on how to 

identify and to utilize the water resources alternative for drought 

adaptation. 

5. The only information that used from KATAM.info related to the 

endemic of drought in district level. It is still needed to downscaling 

this information in to the smaller region. 
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management in agriculture sector? 

Especially drought indicators? And how 

and when the information are used in 

agriculture activities? 

6. How well the drought information 

especially drought indicators can explain 

drought occurrence in the location? 

7. What can possibly improve especially for 

the drought indicators information to help 

local government for better drought 

management? 

8. When will the best time to deliver the 

information to Local government? Do 

you want to pay for this information? If 

yes, how much? 

6. Since the drought scope in district level, the information is not 

relevant to the specific location. Meanwhile the information related 

to planting recommendation is useful. 

7. The downscaling information for drought indicators is needed, 

while the information should published in advance and updated 

every month. The indicators also should be based on agricultural 

indices. It is presented in a map or table including, drought 

locations potential of pests and diseases for food crops, water 

availability in the region. 

Moreover, the information related to drought impact and the 

standing crops in local level are very important to minimize crop 

failure in the region. Standing crop information can be very 

important in a weekly or two weeks basis.  

8. It has to be freely available and easy to access from website, 

smartphone or bulletin. The updated for three to six month 

prediction 
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3. Questions for Extension Workers and Farmers in Karawang 

Sub-Questions Interview Questions  Possible Answer 

5. How drought 

information 

can helped 

farmers to 

prevent and to 

mitigate 

drought impact 

in agriculture 

area? 

1. How many times do the farmers plant paddy in a year? 

And in which season mostly farmers get less or even 

don’t get water?  

2. What factors are taken to consideration by farmer 

before starting the planting season? 

3. How and when farmers/extension workers can access 

the drought information? How easy farmers can 

understand and use the drought information for 

agriculture actives? 

4. What did farmers usually do when there is a water 

shortage? Is there any water resources alternative to 

supply the agriculture needs? 

5. What is the effect of current drought management 

implementation due to reducing crop failure and farmer 

loses?  

6. What kind of drought information related to drought 

prevention that farmers need to consider before 

planting season? What is the best media to disseminate 

this information? 

7.  When it should be received (less than? How about the 

price to access this information? 

1. Paddy crop 2 times a year on October and March. Sometime in the 

beginning of dry season. 

2. The local wisdom related to the climate prospect, irrigation schedule from 

PJT II. Seed and ventilation price. 

3. Katam (Planting Calender) can be accessed by smartphone but we barely 

used this information. *Some farmers never used the drought 

information. 

4. Farmers in Pakis Jaya: pumping water from drainage or main canal. 

Farmers in Pangkalan: pumping water from shallow ground water or just 

let the crop failure. 

5. Government from MOA help farmer to minimize the losses by crop 

Insurance and fund to buy water pump to save the paddy. 

6. Farmer group in Pakis Jaya: want a free information including: the 

fertilizer, tractor and seed availability information, water availability in 

the region. However, Irrigation need to be improved from the main canal 

to the tertiary. 

Farmer group in Pangkalan: information of weather and climate prospect 

is important, including, the fertilizer, tractor and seed availability 

information, and crops varieties recommendation for wet, normal and dry 

condition. It can be accessed from Meeting Hall. 

7. If it is possible should be inform 1 month or 2 weeks before the planting 

season and freely available. 
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4. Questions for Extension Workers and Farmers in Subang 

Sub-Questions Interview Questions  Possible Answer 

6. How drought 

information 

can helped 

farmers to 

prevent and to 

mitigate 

drought impact 

in agriculture 

area? 

1. How many times do the farmers plant paddy in a year? 

And in which season mostly farmers get less or even 

don’t get water?  

2. What factors are taken to consideration by farmer 

before starting the planting season? 

3. How and when farmers/extension workers can access 

the drought information? How easy farmers can 

understand and use the drought information for 

agriculture actives? 

4. What did farmers usually do when there is a water 

shortage? Is there any water resources alternative to 

supply the agriculture needs? 

5. What is the effect of current drought management 

implementation due to reducing crop failure and farmer 

loses?  

6. What kind of drought information related to drought 

prevention that farmers need to consider before 

planting season? What is the best media to disseminate 

this information? 

7.  When it should be received (less than? How about the 

price to access this information? 

1. Paddy crop 2 times a year on October and March. Water shortage mostly 

occur from May to June. 

2. Local government recommendation for cropping pattern. Irrigation 

schedule from PJTII. 

3. Farmers group did not access the drought information. Sometime they 

just see and hear from TV. 

4. Farmers in Pakis Jaya: pumping water from drainage or main canal. 

Ground water or just let the crop failure. 

5. Climate Filed School help farmers to identify earlier the drought event 

and prepared to cope with dry condition. Government help farmers to 

provide water pump. 

6. Farmer groups: information of drought prospect is, including, the 

fertilizer, tractor and seed availability information. The media should be 

from TV, RADIO, Smartphone, meeting hall.  

7. Freely available and received the information I month in advance  
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5. Questions for Extension Workers and Farmers in Indramayu 

Sub-Questions Interview Questions  Possible Answer 

5. How drought 

information 

can helped 

farmers to 

prevent and to 

mitigate 

drought 

impact in 

agriculture 

area? 

1. How many times do the farmers plant paddy in a year? 

And in which season mostly farmers get less or even 

don’t get water?  

2. What factors are taken to consideration by farmer 

before starting the planting season? 

3. How and when farmers/extension workers can access 

the drought information? How easy farmers can 

understand and use the drought information for 

agriculture actives? 

4. What did farmers usually do when there is a water 

shortage? Is there any water resources alternative to 

supply the agriculture needs? 

5. What is the effect of current drought management 

implementation due to reducing crop failure and farmer 

loses?  

6. What kind of drought information related to drought 

prevention that farmers need to consider before 

planting season? What is the best media to disseminate 

this information? 

7.  When it should be received (less than? How about the 

price to access this information? 

1. 2 times or even more, sometimes farmer plant 4 times and only harvest 

1 time. Most of the time farmers only get water when the peak of rainy 

season. So during the dry season farmers didn’t get water because of the 

location far from main canals. 

2.  The local wisdom, irrigation schedule and agricultural officer 

recommendation on crop type, seed, fertilizer, etc. 

3. From the Districts government always published in the office. The 

information quite easy by using national language. 

4. Because of the salinity condition from groundwater, most of the rice 

field location far from the alternative water resources. 

5. – 

6. Drought information is important for an early warning to prevent the 

impact in the rice crop. However, irrigation improvement in the region 

to deliver water from upstream to their location urgently need to be 

improved.  

7. The drought information should be delivered in a monthly basis with 

simple and direct information by using local or national language. 
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Appendix E Precipitation data in Sumur watu station and Bandung station 

 

Sumur 

Watu
Bandung

Sumur 

Watu Bandung

Sumur 

Watu Bandung

1980-01 279 119 1984-01 282 206 1988-01 232 287

1980-02 125 58 1984-02 280 197 1988-02 261 161

1980-03 162 393 1984-03 272 245 1988-03 154 346

1980-04 172 274 1984-04 195 296 1988-04 0 120

1980-05 32 109 1984-05 55 179 1988-05 59 299

1980-06 13 86 1984-06 62 22 1988-06 59 38

1980-07 93 119 1984-07 30 38 1988-07 0 5

1980-08 14 65 1984-08 74 114 1988-08 19 32

1980-09 20 135 1984-09 115 274 1988-09 0 39

1980-10 233 287 1984-10 135 242 1988-10 196 204

1980-11 254 443 1984-11 143 147 1988-11 211 264

1980-12 307 276 1984-12 199 157 1988-12 293 64

1981-01 342 96 1985-01 205 275 1989-01 144 347

1981-02 204 75 1985-02 124 212 1989-02 472 135

1981-03 320 417 1985-03 213 186 1989-03 217 185

1981-04 172 274 1985-04 127 271 1989-04 288 260

1981-05 76 125 1985-05 115 271 1989-05 190 301

1981-06 75 140 1985-06 57 147 1989-06 171 112

1981-07 0 99 1985-07 143 166 1989-07 143 47

1981-08 5 96 1985-08 20 12 1989-08 26 142

1981-09 4 30 1985-09 49 165 1989-09 0 22

1981-10 16 291 1985-10 121 236 1989-10 91 93

1981-11 17 163 1985-11 101 143 1989-11 237 170

1981-12 102 105 1985-12 392 290 1989-12 267 422

1982-01 344 181 1986-01 170 212 1990-01 237 222

1982-02 199 80 1986-02 200 194 1990-02 160 388

1982-03 114 191 1986-03 243 454 1990-03 139 116

1982-04 172 355 1986-04 222 296 1990-04 186 225

1982-05 0 95 1986-05 39 127 1990-05 79 117

1982-06 76 98 1986-06 150 161 1990-06 10 55

1982-07 0 52 1986-07 29 131 1990-07 47 67

1982-08 5 22 1986-08 2 92 1990-08 66 162

1982-09 4 28 1986-09 89 226 1990-09 26 138

1982-10 16 107 1986-10 46 337 1990-10 0 25

1982-11 17 46 1986-11 317 288 1990-11 84 188

1982-12 102 497 1986-12 145 210 1990-12 258 278

1983-01 237 333 1987-01 204 141 1991-01 219 39

1983-02 278 322 1987-02 255 148 1991-02 206 76

1983-03 296 218 1987-03 80 360 1991-03 49 444

1983-04 125 291 1987-04 173 347 1991-04 359 169

1983-05 288 390 1987-05 91 142 1991-05 86 35

1983-06 125 88 1987-06 16 101 1991-06 0 2

1983-07 18 69 1987-07 8 5 1991-07 0 7

1983-08 0 13 1987-08 0 11 1991-08 0 0

1983-09 0 5 1987-09 0 27 1991-09 0 88

1983-10 170 257 1987-10 32 79 1991-10 15 38

1983-11 263 299 1987-11 98 323 1991-11 234 489

1983-12 117 259 1987-12 303 263 1991-12 279 341

Weather Stations

Month Month 

Weather Stations

Month 

Weather Stations



 77 

 

 

 

Sumur 

Watu
Bandung

Sumur 

Watu
Bandung

Sumur 

Watu
Bandung

1992-01 75 317 1996-10 195 292 2001-07 0 187

1992-02 188 254 1996-11 280 610 2001-08 0 52

1992-03 135 399 1996-12 80 230 2001-09 0 107

1992-04 247 320 1997-01 588 139 2001-10 118 410

1992-05 163 180 1997-02 155 106 2001-11 407 526

1992-06 63 62 1997-03 69 189 2001-12 265 76

1992-07 11 117 1997-04 214 227 2002-01 317 365

1992-08 84 140 1997-05 3 197 2002-02 283 81

1992-09 111 80 1997-06 12 4 2002-03 78 344

1992-10 133 221 1997-07 0 15 2002-04 316 184

1992-11 175 431 1997-08 0 17 2002-05 5 55

1992-12 276 340 1997-09 0 1 2002-06 0 54

1993-01 324 242 1997-10 0 37 2002-07 51 122

1993-02 404 102 1997-11 5 111 2002-08 0 38

1993-03 185 391 1997-12 329 319 2002-09 0 10

1993-04 168 174 1998-01 60 184 2002-10 0 21

1993-05 64 114 1998-02 203 409 2002-11 72 196

1993-06 89 119 1998-03 78 481 2002-12 176 457

1993-07 5 14 1998-04 149 279 2003-01 75 69

1993-08 8 96 1998-05 194 179 2003-02 161 266

1993-09 0 80 1998-06 85 237 2003-03 27 359

1993-10 33 134 1998-07 129 119 2003-04 20 136

1993-11 144 237 1998-08 12 75 2003-05 35 112

1993-12 122 337 1998-09 3 134 2003-06 0 37

1994-01 442 341 1998-10 186 197 2003-07 0 41

1994-02 167 226 1998-11 421 217 2003-08 0 75

1994-03 297 363 1998-12 169 98 2003-09 0 76

1994-04 149 429 1999-01 353 192 2003-10 80 320

1994-05 1 85 1999-02 92 110 2003-11 100 186

1994-06 0 66 1999-03 196 239 2003-12 74 203

1994-07 0 0 1999-04 305 130 2004-01 114 196

1994-08 0 12 1999-05 49 248 2004-02 405 191

1994-09 0 56 1999-06 59 67 2004-03 208 241

1994-10 0 52 1999-07 15 71 2004-04 8 302

1994-11 88 233 1999-08 0 23 2004-05 36 287

1994-12 302 164 1999-09 0 19 2004-06 10 76

1995-01 374 186 1999-10 83 266 2004-07 0 34

1995-02 285 120 1999-11 262 289 2004-08 0 11

1995-03 179 274 1999-12 237 233 2004-09 0 85

1995-04 118 163 2000-01 470 261 2004-10 0 84

1995-05 42 189 2000-02 122 141 2004-11 120 184

1995-06 199 130 2000-03 124 136 2004-12 68 239

1995-07 122 51 2000-04 194 259 2005-01 139 168

1995-08 0 0 2000-05 145 240 2005-02 73 417

1995-09 43 70 2000-06 37 47 2005-03 27 308

1995-10 79 230 2000-07 0 80 2005-04 290 214

1995-11 407 386 2000-08 0 20 2005-05 0 191

1995-12 157 126 2000-09 0 45 2005-06 17 201

1996-01 460 292 2000-10 136 152 2005-07 0 76

1996-02 125 166 2000-11 169 317 2005-08 0 64

1996-03 281 230 2000-12 391 71 2005-09 0 145

1996-04 80 316 2001-01 155 219 2005-10 77 115

1996-05 0 99 2001-02 91 249 2005-11 102 226

1996-06 0 63 2001-03 118 208 2005-12 162 205

1996-07 33 91 2001-04 285 244 2006-01 488 300

1996-08 18 108 2001-05 118 83 2006-02 66 282

1996-09 0 172 2001-06 220 88 2006-03 38 53

Month 

Weather Stations

Month 

Weather Stations

Month 

Weather Stations
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Sumur 

Watu
Bandung

Sumur 

Watu
Bandung

Sumur 

Watu
Bandung

2006-04 203 233 2010-09 15 424 2015-02 67 189

2006-05 163 90 2010-10 11 292 2015-03 54 319

2006-06 0 32 2010-11 82 401 2015-04 133 285

2006-07 20 45 2010-12 83 238 2015-05 15 322

2006-08 0 0 2011-01 32 63 2015-06 0 58

2006-09 0 0 2011-02 30 77 2015-07 0 0

2006-10 0 57 2011-03 95 89 2015-08 0 7

2006-11 8 109 2011-04 278 382 2015-09 0 43

2006-12 183 500 2011-05 139 193 2015-10 0 38

2007-01 176 128 2011-06 6 118 2015-11 12 455

2007-02 428 406 2011-07 0 77 2015-12 118 312

2007-03 269 105 2011-08 0 3 2016-01 146 393

2007-04 173 472 2011-09 0 103 2016-02 142 194

2007-05 56 89 2011-10 7 104 2016-03 135 442

2007-06 133 164 2011-11 124 321 2016-04 320 560

2007-07 17 11 2011-12 170 259 2016-05 196 327

2007-08 0 0 2012-01 232 83 2016-06 149 139

2007-09 0 44 2012-02 141 304 2016-07 6 182

2007-10 151 98 2012-03 72 156 2016-08 70 129

2007-11 147 302 2012-04 101 291 2016-09 218 286

2007-12 276 360 2012-05 10 257 2016-10 388 393

2008-01 419 241 2012-06 32 61 2016-11 221 443

2008-02 357 117 2012-07 0 34 2016-12 166 60

2008-03 354 242 2012-08 0 0

2008-04 132 297 2012-09 0 27

2008-05 8 165 2012-10 8 125

2008-06 6 65 2012-11 57 537

2008-07 0 4 2012-12 323 637

2008-08 0 59 2013-01 305 217

2008-09 0 42 2013-02 69 250

2008-10 27 137 2013-03 266 305

2008-11 327 277 2013-04 141 286

2008-12 203 333 2013-05 170 171

2009-01 167 209 2013-06 49 232

2009-02 222 201 2013-07 126 159

2009-03 168 366 2013-08 0 74

2009-04 86 166 2013-09 0 172

2009-05 100 184 2013-10 55 234

2009-06 46 101 2013-11 129 164

2009-07 0 24 2013-12 303 418

2009-08 0 1 2014-01 1326.5 309

2009-09 0 24 2014-02 339.5 89

2009-10 5 235 2014-03 124.5 419

2009-11 93 318 2014-04 104.5 218

2009-12 209 271 2014-05 76.5 177

2010-01 157 353 2014-06 35 196

2010-02 246 557 2014-07 31 181

2010-03 189 531 2014-08 0 120

2010-04 30 93 2014-09 0 1

2010-05 76 345 2014-10 28 65

2010-06 13 132 2014-11 40 297

2010-07 22 221 2014-12 150.5 316

2010-08 8 106 2015-01 67 188

Month 

Weather Stations

Month 

Weather Stations

Month 

Weather Stations
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