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Abstract 
Restrictiveness of climate data have been most problems in crop water requirement 

analysis as basic of water allocation in irrigation area that caused by limited number of 

weather stations. Remote sensing is an advance technology that able to estimate crop 

water requirement. The remote sensing data must have visible electromagnetic spectrum 

(0.4 μm - 0.7 m), near-infrared (0.7 μm - 1.3 m), short wave infrared (1.3 μm - 3.0 m), 

and thermal infrared (8.0 μm - 14.0 m). Moderate Resolution Imaging Spektroradiometer 

(MODIS) is one of satellite remote sensing data that equipped with those electromagnetic 

spectrum. These research was conduct in Situbondo Irrigation System – Situbondo – East 

Java with 3 phase, that is data inventory, data processing, and evaluation. The materials 

that used in this research are Moderate Resolution Imaging Spektroradiometer (MODIS), 

Digital Elevation Model (DEM), evaporations data, and wind speed. The accuracy of 

Moderate Resolution Imaging Spektroradiometer to analyze crop water requirement in 

Situbondo Irrigation System is 83% compared with Pan Evaporation method. 
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1. INTRODUCTION 

Water is the basic requirement for 

agriculture, especially for plant growth. 

Limitations of climate data has been caused the 

analyzing of crop water requirement is 

inaccuracies. According data from the 

Meteorology, Climatology and Geophysics 

Agency (BMKG) (2016), the number of 

climatological stations in Indonesia is around 

1.197 stations. Most stations observed 

manually and some of them cannot operated 

because the equipment was destroyed and no 

replacement tool. 

Remote sensing is the latest technology to 

obtain information about the physical 

condition of the Earth's surface and geography 

phenomenon by data analysis from the sensor. 

Although the remote sensing cannot measure 

crop water requirement directly, but this 

technology can be used to generate some of 

variable that can be used to calculate  crop 

water requirement, there are albedo, 

emissivity, and land surface temperatures. 

To calculate crop water requirement, the 

remote sensing data must have visible 

electromagnetic spectrum (0.4 μm - 0.7 m), 

near-infrared (0.7 μm - 1.3 m), short wave 

infrared (1.3 μm - 3.0 m), and thermal infrared 

(8.0 μm - 14.0 m). Moderate Resolution 

Imaging Spektroradiometer (MODIS) is one of 

satellite remote sensing data that equipped with 

those electromagnetic spectrum. 

The MODIS has been designed to provide 

improved monitoring for land, ocean, and 

atmosphere research. It instrument is operating 

on both the Terra and Aqua spacecraft with a 

viewing swath width of 2,330 km and views 

the entire surface of the Earth every one to two 

days. Its detectors measure 36 spectral bands 

between 0.405 and 14.385 µm, and it acquires 

data at three spatial resolutions ; 250m, 500m, 

and  1.000m (NASA, 2016). 

2. MATERIAL AND METHODS 

This research was conducted in Situbondo 

Irrigation - East Java. The materials that used 

in this study are MODIS 1B level, MODIS 

geolocation, Digital Elevation Model (DEM), 

wind speed, and evaporation. Then the tools 

used in this research is a personal computer, 

Modis Swath Tool, HDF View, and Quantum 

GIS. 

This research consists of three main 

stages, namely: 
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1. Inventory Data. This stage aims to collect 

basic data required in this study, 

2. Data processing. This stage aims to process 

satellite data , 

3. Interpretation. This stage aims to create 

crop water requirement distribution maps, 

4. Evaluation, this stage aims is to determine 

an accuracy of MODIS to calculate crop 

water requirement by comparing with pan 

evaporation method. 

Crop water requirement on the tertiary 

calculated uses the following equation:               

𝑄 =
∑ 𝐸𝑇𝑐𝑖𝐴𝑖

𝑛
𝑖=1

8,64
                                           (1) 

Where:  

Q  = Crop water requirement (l / sec)  

ETci   = Actual evapotranspiration on land-i 

(mm / day)  

Ai  = Area of land-i (Ha)  

8.64 = Conversion factor from mm / day to 

l / sec / ha 

Area of land calculated using following 

equation: 

𝐴𝑖 =
𝑃𝑖𝑅𝑖

10000
                                                   (2) 

Where:  

Ai  = Area of land-i (Ha) 

Pi = Amount of pixel-i 

Ri = Resolution of pixel-I (m
2
) 

10000 = Conversion factor from m
2
 to ha 

Daily actual evapotranspiration (ETc) is 

obtained by extrapolating the instantaneous 

evapotranspiration that calculated using 

following equation (Xie et al. (1991) in Xiong 

et al. (2008)): 

𝐸𝑇𝑐 =
𝐸𝑇𝑖2𝑁𝑒

𝜋 sin(𝜋. 𝑡/𝑁𝑒)
                                    (3) 

Where:  

ETc = Daily actual evapotranspiration (mm / 

day)  

ETi  = Instantaneous evapotranspiration  

              (mm / h)  

Ne  = Length of evapotranspiration (h)  

t  = Interval time between sunrise and 

retrieval of data by satellite 

Instantaneous actual evapotranspiration (ETi) 

is evapotranspiration during recording by 

satellite that calculated using following 

equation (Bastiaanssen et al., 2002): 

𝐸𝑇𝑖 = 3600
λET

λ
                                          (4) 

Where:  

ETi  = Instantaneous evapotranspiration  

              (mm/ h)  

λET  = Energy for evapotranspiration (W/m2)  

λ  = Latent Heat Flux (J/kg) 

Energy for evapotranspiration (λET) is 

calculated using energy balance method with 

the following equation (Allen et. Al., 1998): 

λET = 𝑅𝑛 − 𝐺 − 𝐻                                       (5) 

Where:  

λET = Energy for evapotranspiration (latent 

heat) (W/m2)  

Rn  = Nett radiation (W/m2)  

G  = Soil heat flux (W/m2)  

H  = Sensible heat flux) (W/m2) 

Accuracy of MODIS to calculate crop water 

requirement is evaluated using RMSE with 

following equation:  

RMSE = √
1

𝑛
∑ (

𝑥𝑖 − 𝑦𝑖

𝑥𝑖
)

2𝑛

𝑖=1
               (6) 

Where:  

RMSE = Root mean square error  

xi   = Cropwater requirement using pan 

evaporation method (l / sec) 

yi   = Cropwater requirement from 

MODIS interpretation (l / sec) 

n   = Amount of data number 

3. RESULTS 

From the MODIS imagery interpretation, 

crop water requirement in the study area 

during April 29th - October 27
th
 is decrease 

from 2,222 l/s to 1,437 l/s . Distribution of 

crop water requirement in Situbondo irrigation 

area during April 29th - October 27
th
  show in 

Table 1 and figure 1 to figure 6. 

Table 1. Crop water requirement (l/s) in 

Situbondo Irrigation 

Date ETc (mm/day) 

Crop water 

requirement 

(l/s) 

29 Apr 4,72 2.222 

27 May 3,73 1.757 

25 June 3,98 1.874 

28 Augs 4,19 1.975 

25 Sept 3,05 1.437 

27 Oct 3,64 1.714 
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Figure 1.  Crop water requirement at April 29
th
 

 
Figure 2. Crop water requirement at May 27th 

 
Figure 3. Crop water requirement at June 25

th
 

 
Figure 4. Crop water requirement at August 

28
th
 

 
Figure 5. Crop water requirement at September 

25
th
 

 
Figure 6. Crop water requirement at October 

27
th
 

Actual evapotranspiration is parameter 

that used to measure an accuracy of MODIS to 

calculate crop water requirement. Comparison 

of actual evapotranspiration from MODIS 

imagery interpretation and pan method  show 

in Table 2. 

Table 2. Comparison of actual 

evapotranspiration  (mm/day) 

Date 
Pan evaporation 

(mm/day) 

MODIS 

(mm/day) 

29 Apr 3,80 4,72 

27 May 4,75 3,73 

25 June 3,85 3,98 

28 Augs 4,21 4,19 

25 Sept 3,73 3,05 

27 Oct 3,09 3,64 

Based on the table, actual 

evapotransporation that generated from 

MODIS Imagery in April 29th
 – October 

27th
 have average deviation around 17% 

comparing with pan evaporation method. 

4. DISCUSSION 

Difference evapotranspiration rate between 

MODIS imagery interpretation  and pan 

evaporation method caused by: 

1. MODIS imagery base on the weather 

conditions at the time of recording 

satellite data while pan evaporation 

method based on weather conditions 

throughout the day. 

2. MODIS imagery using extrapolation 

method to determine daily 

evapotranspiration, while pan 

evaporation method based on 

measurements throughout the day. 

3. MODIS Imagery is spatial basis while 

pan evaporation is point basis. 
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5. CONCLUSION 

Generally, remote sensing technology can 

be used to analyze crop water requirement. 

Application of MODIS to analysis crop water 

requirement have average deviation around 

17% or 83% accuracy compare with pan 

evaporation method. With an accuracy 83%, 

MODIS can be used as alternative solution to 

analyze crop water requirement due to limited 

climate data. 
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