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Abstract 

Understanding the temporal and spatial variability in crop yield is considered as one of the key steps in 
agricultural risk assessment. Therefore, a study of an irrigated area in Cihea, West Java, Indonesia, was 
conducted to assess rice yield per field using SENTINEL-2 imagery and yield observation data in 2018 and 2019. 
The study area is located in the Citarum River basin. SENTINEL-2 images were used to derive paddy rice’s 
growth curve and estimate rice growth stages based on the normalized difference vegetation index. Using these 
results, the regression model formula using Band 4 (665 nm) and the normalized difference water index in the 
ripening stage was created (R2 = 0.40, RMSE = 1.21 t/ha). The results from this model were used to generate 
yield maps, which illustrated a distinct spatial variation in rice yield, such as the average rice productivity in the 
study area was relatively high, however, the difference between years tended to be small in the upper stream area. 
The results of this study show that this method is effective in this area to monitor rice yield condition and 
distribution. 
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1. Introduction 

Small farmers around the world face many risks that threaten income stability, such as pests and diseases, 
extreme weather conditions, and so on (O'Brien et al., 2004). These risks are further increased by the impacts of 
climate change, such as changes in rainfall distribution increased frequency, and duration of extreme weather 
events such as droughts and floods, among which tropical countries are the most vulnerable regions to these 
impacts (Morton, 2007). In monsoon Asia, the increase in food demand by rapid population growth is 
remarkable. Rice is one of the major foods in this region, and it has been pointed out that there are two possible 
patterns of response in terms of yield, a decrease in rice yield due to an increase in temperature, a decrease in 
solar radiation, and a change in precipitation, and an increase in yield due to an increase in photosynthesis 
because of an increase in carbon dioxide concentration (Song et al., 2022; Franks et al., 2013; Ainsworth, 2008). 
Indonesia is one of the countries that has been reported to be strongly influenced by the interannual variability of 
precipitation in agriculture due to the Asia-Australia monsoon and the El Nino Southern Oscillation (ENSO) 
(Hackert & Hastenrath, 1986). One previous study indicates that the dry season was clearly extended because the 
wet season was delayed in the ENSO year (Naylor, Battisti, Vimont, Falcon, & Burke, 2007). To reduce the risk 
of crop damage due to climate change, agricultural insurance is one of the effective tools to prevent the income 
decline of farmers and mitigate food safety problems (Miranda & Gonzalez-Vega, 2011), and it is essential to 
develop a method for quantitative damage assessment (Hongo, Tsuzawa, Tokui, & Tamura, 2015). 

In the world, a variety of damage assessment methods for calculating agricultural insurance payments have been 
tried and implemented by the government (Mahul & Stutley, 2010). For instance, Weather Index Insurance is an 
insurance system that works when rainfall records below a certain threshold based on evaluation indices such as 
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rainfall observed by weather stations or satellites in each region (Kuwata, Mahmood, & Shibasaki, 2015). 
However, it has been pointed out that the gap between the actual damage and the evaluation result by the 
measured value of the index is a serious problem as a basis risk (Doherty & Richter, 2002)．In the case of Japan, 
the average yield is the yield per 1,000 m2 (= 10 are) estimated before the cultivation of paddy rice is started 
based on the actual yield data of the past, when the weather change in the year and the weather damage such as 
low temperature and sunshine shortage are considered to be average, and it is regarded as the standard of the 
crop condition index which indicates the quality of the yield. In Japan, the actual yield data have been stocked, 
and the average yield has been calculated using the yield data per field. The data has been corrected by the 
AMeDAS data since 1979 when the meteorological observation system was arranged. In Japan's Agricultural 
Insurance Scheme (called as NOSAI), this is used as a standard yield for the insurance payment. 

On the other hand, one of the current evaluation methods in the agricultural insurance system in Indonesia is a 
visual interpretation of diseases and pests, droughts, etc. by pest observers in field surveys. In the current 
evaluation system, the pest observers must visit each field, observe paddy conditions, and the insurance money is 
paid when the damage to paddy rice by disease or insect damage is judged to reach over a certain rate value of 
the field. The addition of a yield-based evaluation method can make the gap between the evaluation of damage 
and actual damage less and lead to a more quantitative evaluation of damages. However, in Indonesia, there is no 
accumulation of observed yield data and there are many data that are difficult to obtain such as data on climate, 
fertilizer type, and agricultural chemicals data. Therefore, it takes a great deal of labor, time, and cost to collect 
these data. A remote sensing technique using satellite data is an effective tool to reduce these burdens. In 
agriculture, the prediction of crop yield and its spatial pattern is widely carried out by relating the characteristics 
of the spectrum and vegetation index (VI) calculated from the reflectance extracted from satellite images with 
the plant physics viewpoint (Chen, Quilang, Alosnos, & Finnigan, 2011). In recent years, crop yield estimation 
using SENTINEL-2 satellite data with high spatial and temporal resolution has been widely carried out and used 
for rice yield estimation (Soriano-González, Angelats, Martínez-Eixarch, & Alcaraz, 2022). The remote sensing 
data obtained from such satellite data can be used as spatial information for agricultural monitoring that reflects 
the effects of the growing environment of crops, including weather and land conditions (Liu & Kogan, 2002). 
Therefore, even when it is difficult to obtain such information as observed yield, meteorological data such as 
temperature and precipitation in the study area, and other information such as the amount and type of fertilizer 
applied, the spectral information obtained from the satellite data is considered to represent these differences. 

Rice yield estimation using remote sensing techniques is carried out all over the world, but the research 
conducted in the agricultural environment of Indonesia is still limited, and it is necessary to examine the 
estimation technique suitable for this region. In Indonesia, the size of fields is irregular and fields of various 
growth stages are intermingled because the planting date is different by the area. For these reasons, in Indonesia, 
the analysis technique considering the growth stage of each field is essential, and there are few reports on the 
yield estimation using the technique considering this point. Therefore, the purpose of this study is to extract the 
growth curve in each field based on the heading stage, examine the possibility of yield estimation using 
wavelength and index for each growth stage, and understand the spatial distribution of productivity in the field 
unit. 

2. Method 

2.1 Study Area 

West Java has the highest rice production in Indonesia and the largest paddy field area in the country. However, a 
comparison of the yield per hectare in West Java shows that the yield is about 5.2 t/ha, which is lower than that 
of Bali (5.59 t/ha), East Java (5.34 t/ha), and Central Java (5.23 t/ha) (Panuju, Mizuno, & Trisasongko, 2013). 
The study area is the irrigated area in Cihea (6°50′S, 107°16′E) located in the northeast of Cianjur, West Java, 
Indonesia. This region is one of the main rice production regions in West Java, and the dry season is from June to 
September and the rainy season is from December to March. This study area is in the Citarum river basin, and 
the north side is the lower stream area and the south side is the upper stream area. Here, paddy rice is 
transplanted mainly two or three times per year. The first transplanting is the rainy season from October to April, 
the second is the dry season from May to August, and the third is the second dry season from August to October. 
In this study, the dry season corresponding to the second season of transplanting was analyzed. In the study area, 
the test site (About 250 ha) has been set as one of the SATREPS project activities, and about 6000 fields are 
included. For these fields, polygons for each field have been created as the test site field. In the test site field, 
there is data on the rice variety for each area, and it is possible to know the variety cultivated in the target period. 
Figure 1 shows the location of the entire area and the test site. 
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2.3 Satellite Imagery 

2.3.1 SENTINEL-2 Data 

For the satellite image of the study area in 2018, bands 2 to 12 in the Level-1 C (L1C) product of SENTINEL-2 
satellite data developed by ESA were used. For the atmospheric correction of the satellite image data, the 
SEN2COR plug-in of Sentinel Applications Platform (SNAP) developed and released by ESA was used, and the 
terrain correction processing was performed using SRTM DEM. For the satellite image in 2019, SENTINEL-2 
satellite data were used the same as in 2018, but bands 2 to 12 in the Level-2A (L2A) product were used because 
the L2A products, on which atmospheric correction had already been done, were available. Since the L2A 
product is based on the L1C and atmospheric correction was performed through the SEN2COR plug-in, the data 
used in this analysis between 2018 and 2019 were used as if there were no differences due to atmospheric 
correction processing. A summary of the SENTINEL-2 satellite data is shown in Table 1. The study period of the 
field investigation was mainly from April to May in both years. Considering that the transplanting period varies 
depending on the field, we obtained SENTINEL-2 satellite data from January to September of each year. The 
data were preprocessed including geometric correction, resampling, and cropping of the study area. The spatial 
resolution of the band for each wavelength is different from 10 m, 20 m, and 60 m, respectively, and here, and 
resampled with 10m grid. Using the Scene Classification (SC) band in the product, pixel values classified into 
clouds and shadows were excluded. And, the image in which the cloud covers the whole study area and the 
correction is difficult was excluded.  

 

Table 1. Description of SENTINEL-2 satellite data and calculated indices in this analysis 

SENTINEL-2 

Resolution 10/20/60 m 

Band (Central Wavelength) 

Band 1 (443 nm) 

Band 2 (490 nm) 

Band 3 (560 nm) 

Band 4 (665 nm) 

Band 5 (705 nm) 

Band 6 (740 nm) 

Band 7 (783 nm) 

Band 8 (842 nm) 

Band 8a (865 nm) 

Band 9 (946 nm) 

Band 10 (1374 nm) 

Band 11 (1610 nm) 

Band 12 (2190 nm) 

 

2.3.2 Precipitation Data 

Global Rainfall Map (GSMaP) by JAXA Global Rainfall Watch' was produced and distributed by the Earth 
Observation Research Center, Japan Aerospace Exploration Agency (Kubota et al., 2020). It incorporates both 
passive microwave (PMW) and infrared (IR) sensors data from the satellite to map global precipitation at high 
temporal and spatial resolution. In this study, MVK standard product version 7 was used as precipitation data. 
They offer hourly precipitation estimates on 0.1° latitude/longitude grid over the globe (60°S to 60°N) from 
March 2014 to the present. We extracted 3 × 3 pixels around the study area and calculated the average values in 
2018 and 2019. Figure 3 showed the daily mean of the precipitation change during the rice growth season in 
2018 and 2019. 
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Generally, the multiple collinearity is suspected, when the VIF is over 10. Then, in this analysis, the regression 
model using the data of every 5 days was made using the wavelength band in which VIF showed values less than 
10. The VIF between each band is shown in Table 2.  

In the model preparation, the parameter was chosen considering AIC (Akaike Information Criterion) (Akaike, 
1998). The AIC is defined by the following equation. 

AIC	=	n ቂlog ቀ2π
Se

n
ቁ 	+	1ቃ 	+	2ሺp	+	2ሻ                          (4) 

where, n is a sample size, p is the number of explanatory variables, Se is the residual sum of squares, and the log 
is the natural logarithm. The accuracy of each model was verified using five-fold cross-validation by random 
data partitioning. The model equation chosen based on the AIC, RMSE, and coefficient of determination is 
shown in Equation (5). The accuracies of other equations are shown in Table 3. The parameters selected for the 
equation with the best accuracy were band4 and NDWI at 25 days after the estimated heading stage. 

Y	=	122.97·Red	+	21.96·NDWI	- 6.32                         (5) 

For the fields in the test site, the analysis using the above technique was conducted using the weighted average 
value of each pixel value contained in each field. A pixel-based analysis was performed in the area outside the 
test sites. 

 

Table 2. VIF values between the parameters (* shows VIFs above 10) 

VIF 
Band 

2 3 4 5 6 7 8 9 11 12 NDVI

3 3.45           

4 1.82 1.96          

5 1.90 3.10 2.05         

6 1.06 1.00 1.65 1.01        

7 1.14 1.02 2.14 1.10 22.31*       

8 1.08 1.01 1.93 1.06 11.15* 17.21*      

9 1.13 1.02 2.05 1.09 19.15* 131.10* 15.99*     

11 1.51 1.85 1.59 3.44 1.01 1.06 1.03 1.07    

12 1.48 1.50 1.84 2.87 1.13 1.28 1.19 1.29 7.99   

NDVI 1.08 1.01 1.93 1.06 11.15* 17.21* 833.33* 15.99* 1.03 1.19 

NDWI 1.51 1.85 1.59 3.44 1.01 1.06 1.03 1.07 8326.33* 7.99 1.03 

 

Table 3. The accuracies of all models on each number of days from the estimated heading stage. Values in the 
table are coefficients of determination (R2), RMSE, and AIC 

 Number of days after heading stage 

0 5 10 15 20 25 30 35 40 

R2 0.212 0.23 0.29 0.32 0.35 0.40 0.39 0.28 0.13 

RMSE (t/ha) 1.38 1.38 1.32 1.28 1.26 1.21 1.22 1.34 1.46 

AIC 298.3 297.3 292.7 288.5 283.4 276.7 278.0 293.5 308.9 

 

3. Results and Discussion 

3.1 Creation of a Yield Estimation Model Using Growth Curves 

Among the periods from heading to 40 days after heading, the yield estimation error tended to be smallest in the 
period corresponding to 25 days (Table 3). This period corresponds to the ripening stage in the growth period of 
paddy rice, and the effect of the environment in this period on the yield is indicated. For instance, high 
temperatures during the ripening stage decrease the supply of carbohydrates from the vegetative organs to 
developing cereals, and yield tends to decrease because accumulation in the unhulled rice is inadequate (Kobata 
& Uemuki, 2004). In addition, the environment during this period had a significant effect on the yield, as 
evidenced by a decrease in yield due to water stress during the ripening period (Zaman, Abdullah, Othman, & 
Zaman, 2018). Therefore, the result of this analysis can be explained by the previous studies. The relationship 
between the estimated yield that was calculated using Equation 5 and the observed yield is shown in Figure 7, 



jas.ccsenet.

and the re
5-fold cros

 

 

Figure 8. R
r

 

In a single
general, th
Fuh, Li, C
band 4 (66

The tropic
reference, 
near the te
between 2
main limit

org 

elationship bet
ss-validation, R

Relationship b
reflectance (Ba

e correlation, 
he light absorp
Corkan, & Lind
65 nm).  

cal region in w
Figure 9 show

est site. This fig
5 °C and 28 °
ting factor for 

tween the obse
R = 0.52 (p < 0

Figure 7. Re

between each in
and4) and obs

the higher the
ption propertie
dsey, 2008). T

which Indonesi
ws the daily me
gure shows tha
C. According 
rice growth be

Journal of A

erved yield an
0.05). 

elationship betw

nvestigated va
erved yield, (b

e absorption r
es of chlorophy
Therefore, the 

a is located ha
ean temperatur
at the daily me
to this temper
ecause of the 

Agricultural Sci

9 

nd each param

ween observed

ariable and the 
b); Relationship

rate of band 4
yll in plants h
higher the chl

as small tempe
re from April 
ean temperatur
rature variation
stable high air

ience

meter is shown

d and estimate

observed yield
p between ND

4 (665 nm), th
ave peaks at a
lorophyll cont

erature differen
to September 
re from April t
n in this study 
r temperature. 

n in Figure 8. 

 
d yield 

d. (a); Relation
DWI and observ

he higher the e
around 430 nm
tent, the highe

nces throughou
2019 observed
to September 2
area, water is
Figure 8(b) sh

Vol. 14, No. 8;

As a result o

nship between
ved yield 

estimated yiel
m and 662 nm 
er the absorptio

ut the year. Fo
d by HOBO st
2019 varied m
 expected to b
how that the h

2022 

of the 

Red 

d. In 
(Du, 

on of 

or the 
tation 

mainly 
be the 
igher 



jas.ccsenet.

the NDWI
NDWI is
JesúsSoria

Here, the 
red when 
multicollin
coefficient
NDWI is 3

 

Figure 9

 

3.2 Yield D

Figures 10
sites in Cih
in the upp
to be high
lower strea
considered
example, F
one cause 
varieties in
cultivar wa
of the stud

Figure 10(
the study 
difference 
field of the
series cha
observed a
conditions

The test si
country lo
good wate
Sujono (20
rainfall int
timing of 
convention

org 

I which means
s one of the
ano-González e

correlation co
red and NDW

nearity betwee
t for both par
3.18. Therefore

9. Daily mean t

Distribution of 

0(a) and 10(b) 
hea over the tw
er stream regio

h in the whole
am area than i
d to be due to 
Figure 5(a) sho
that drought w
n Indonesia is
as reported to 

dy area was ave

(b) shows that 
area, the var
is the differen

e variety diffe
ange by the d
among the fie
s.  

ite is not a lar
ocated on the e
er managemen
010) reported 
tensity during 
wetting and d

nal method irr

s water content
e dominant f
et al. (2022) in

efficient betw
WI are combin
en red and N
rameters. The 
e, it is conside

temperature fr

f the Study Area

show the dist
wo years. In th
on, and it tend

e area. Drough
in other areas,
regional diffe

owed that sola
was susceptible
s Ciherang, wh
be 6 to 8.5 t/h
erage or slight

there is a max
iety which di

nce by the vari
rent. In the co

difference of v
elds are not du

rge area, so th
equator, Indon

nt, the Indones
that the lower
growth period
drying fields 
rigation operat

Journal of A

t of rice, the m
factors for r
n rice yield esti

ween yield and 
ned are differ
NDWI. There
standard error

ered that the reg

rom April to Se

a Based on Av

tribution of the
he study period
ded to be low i
ht damage is o
 and drought i

erences in clim
ar radiation in t
e to occur in l
hich is also w
ha (Santosa & S
tly higher. 

ximum differe
iffers by the y
iety, the time s
omparison betw
varieties was 
ue to differenc

hat solar radia
nesia is overflo
ian State wate
r production w
d in Indonesia 
highly influen
tions takes 10-

Agricultural Sci

10 

more likely it i
rice yield, an
imation using 

red alone and
rent in sign. T
fore, we calc
r of the regre
gression coeff

eptember 2019

verage Yield 

e mean estima
d, the yield dif
in the study ar
observed more
is confirmed in

mate conditions
the lower strea
ower stream a
idely cultivate
Suryanto, 2015

ence of about 3
year is cultiva
series change o
ween varieties 
not confirme

ces in the vari

ation is unlikel
owing with ra
er deficit (Yazd
was affected by

(Sujono, 2010
nce rice yield 
-15 days base

ience

s to increase th
nd that was 
SENTINEL-2

d the correlatio
The results sh
culated the st
ession coeffici
ficient of both o

9 observed by H

ated yield valu
fference by the
rea tip in the lo
e frequently in
n the field inv
s such as prec
am was higher 
areas in the targ
ed in the study
5). Compared 

3 t/ha in the av
ated. Then, in
of each band a
in the test site
d. This result
ieties, but to d

ly assumed di
ainfall more th
d, Wheeler, &
y the lower nu
0). These resul

productivity. 
d on the avail

he yield. Our r
similar to t

2 data. 

on coefficient 
howed a possi
tandard error 
ent of Red is 
of them could 

HOBO station

ues of the who
e region tende
ower stream, b
n the tip of the
vestigation. Th
cipitation and s

than upper str
rget period. On
y area. The av
with this aver

verage yield am
n order to con
and index was 
e field, the dif
t suggested th
differences in 

fferent betwee
han enough, bu

& Zuo, 2020). O
umber of tiller
lts suggested th

Usually, the 
lability (on su

Vol. 14, No. 8;

results showed
those reporte

between yield
ibility that the

of the regre
28.52 and th
be reliable. 

n near the test s

le area and the
d to be high a 

but the yield te
e study area in

hese difference
solar radiation
ream area. It ca
ne of the major
verage yield of
rage yield, the 

mong the field
nfirm whether
confirmed for 

fference of the 
hat the differe
the environm

en each field. 
ut due to a lac
On the other h
s due to too h
hat the balance
implementatio

upply). In the s

2022 

d that 
d in 

d and 
ere is 
ssion 

hat of 

 

site 

e test 
little 

ended 
n the 

es are 
n. For 
an be 
r rice 
f this 
yield 

ds. In 
r this 
each 
time 

ences 
mental 

As a 
ck of 
hand, 
igh a 
e and 
on of 
study 



jas.ccsenet.

area, irrig
irrigation w
that there a
canal and 
these migh
differences

 

Figure

 

3.3 Factor

Yield estim
yield is at 
11 (a) and
Cihea Irrig
resources i
& Booij, 2
our results
water cond
Figure 12.
many low 
2019, thou
precipitatio
almost no 
heading st
that there
correspond
some diffe
was 25.26 
the upper 
stream are

org 

ation using th
water during t
are some field
small steps be
ht be a cause
s in yield. 

e 10. The Mean

rs of Difference

mation results 
5~6 t/ha, whic

d (b), the yield
gation District
in Indonesia fl

2009; Fulazzak
s is presumed 
dition of padd
. In 2018 show
places where 

ugh it was a 
on from April 
 difference in

tage mainly co
 was little p
ding to the up
erence in the w

W/m2 in 2018
stream area w

ea and the upp

he convention
the same plant
ds where irrigat
etween fields o
e of a differen

n estimated yie

e in Annual Yie

for each year o
ch is consisten
d tended to be
t is mainly from
fluctuates by se
ky, 2014). Con
that the differ

dy fields each 
wn in (a), ND
NDWI were a
little high ND
to September

n the total pre
orresponds to J
precipitation (
pper stream an
watershed (Figu
8, and 21.15 W

was 20.6 W/m2

per stream area

Journal of A

al method is 
ing season is n
tion water is n
or within the f
nce in the con

eld of (a) Cihe
located in

eld 

of the study ar
nt with the rang
e higher in 201
m precipitatio
eason and is d
nsidering these
ence in water 
year, the distr

DWI tended to 
around 0.1 to 

DWI around 0
r in 2018 was a
ecipitation in t
July. The precip
(Figure 3). A
nd the lower st
ure 4). The dif

W/m2 in 2019. 
2 in 2018 and 
a was 12.5 W/

Agricultural Sci

11 

still carried o
not constant (B

not sufficiently
fields in the fi
ntribution of i

a, the whole st
n the middle str

rea are shown i
ge obtained in
19 than in 201
n. However, it

distributed unfa
e previous stud
content betwe
ribution of ND
be lower than

0.1 from the m
0.3 to 0.4 in t
about 461 mm
the growth pe
pitation in July

Also, solar rad
tream, and the
fference betwe
Similarly, the 
15.5 W/m2 in 
/m2 in 2018 an

ience

out at the surv
Brouwer & Pri

y reached due t
ield survey. Ba
irrigated wate

tudy area; (b) t
ream 

in Figure 11. O
n the field surv
18. The water 
t has been alre
airly from regi
dies, the main 
een precipitatio
DWI at 25 day
n in 2019. An
middle to the l
the upper stre

m, and that in 2
eriod of paddy
y from GSMaP
diation was e
e time series c
en the lower st
difference bet
2019, while t

nd 13.6 W/m2

vey site, how
ins, 1989). Als
to the distance 
ased on this, it
er amount, and

the test sites in

Overall, the pe
vey (Figure 2). 

stored as irrig
eady known th
ion to region (
reason for the
on and irrigati
ys after the he

nd, it was show
lower stream i
am in 2018. H

2019 was 434 
y. In addition,
P was 0 in bot
extracted from
change was ob
tream area and
tween the midd
the difference 
2 in 2019. The

Vol. 14, No. 8;

wever, the need
so, it was obse
from the irrig

t is considered
d it influence

 
n the study are

eak of the estim
Comparing F

gation water in
he amount of w
(Bulsink, Hoek
 yield differen
ion. To confirm
eading is show
wn that there 
in comparison 
However, the 
mm, and there
, 25 days afte
th years, sugge
m the pixel v
bserved. There
d the middle st
dle stream area
between the l

erefore, the mo

2022 

d for 
erved 
ation 

d that 
s the 

a  

mated 
igure 
n the 
water 
kstra, 
nce in 
m the 
wn in 
were 
with 
total 

e was 
r the 

esting 
value 
e was 
ream 
a and 
ower 

oving 



jas.ccsenet.

average of
confirmed
correspond
2018 (Figu
middle str
considered
however, t
lower reac
possibility
that climat
in 2018 wa
be one of 
stream ten
because irr

 

 

org 

f daily mean s
d (Figure 5). Th
ds to the headi
ure 5(a), (b)). 
ream in 2019
d that the total 
the solar radia
ches tends to b
y that the water
te condition. F
as a little lowe
the causes of

nded to be high
rigation water 

Figur

solar radiation
he results of th
ing stage or lat

On the other
 (Figure 5(b)
precipitation i

ation varies dep
be higher than
r obtained by 

From this resul
er than that in 
f the low yield
h, but the estim
was provided 

e 11. The estim

Journal of A

n in each wate
he difference i
ter in the midd

r hand, solar r
)) and the dif
in the period c
pending on the
n that in the u
irrigation evap
lt, it was sugg
2019, express
d in the midd

mated yield did
enough in the

mated yield in 

Agricultural Sci

12 

ershed was cal
in each stream
dle and lower 
radiation in th
fference was a
corresponding t
e streams, and
upper reaches 
porates and dis

gested that the 
sed as a differe
le and lower 
d not show a d
 upper stream.

(a) 2018, (b) 2

ience

lculated, and t
m showed that t

streams was h
e upper stream
around 15.5 W
to the growth p

d the solar radi
in 2018 from

ssipates or irri
water content 

ence of about 0
streams. In 20

decreasing tren
. 

2019 of the wh

the tendency o
the solar radia

higher than in t
m was a little 
W/m2. From 
period is almo
iation in both 

m June to Augu
igation water w
in the middle

0.6~1.0 in ND
019, solar radi
nd (Figure 11).

hole study area

Vol. 14, No. 8;

of each stream
ation in July, w
the upper strea
higher than in
these results, 

ost same for 2 y
the middle an
ust, suggesting
was not enoug
 and lower str

DWI, and this m
iation in the u
 This is consid

 

a 

2022 

m was 
which 
am in 
n the 
it is 

years, 
d the 
g the 

gh for 
eams 

might 
upper 
dered 



jas.ccsenet.

Figure 13 
value show
in 2019. A
regions too
difference 
closes to 0
differences
more sensi
it is consid

 

org 

Figure 12. 

shows the dif
ws the higher t
A value closer 
ok the negativ
for 2 years fr

0. This sugges
s due to preci
itive to the eff
dered that the d

NDWI distrib

fference betwe
the yield value

to zero indica
ve value in the 
rom the upper
sts that irrigati
pitation and te

fects of weathe
difference in y

Journal of A

ution at 25 day
(b) 2019 of 

een the estima
e in 2018, and t
ates less differ
lower stream 

r stream region
ion water supp
emperature ten
er conditions s
yield tends to e

Agricultural Sci

13 

ys after the est
the whole stud

 

ated yield in 2
the larger the n
rence in yield
region and the
n to the midd
ply is relativel
nd to be small
such as less pre
easy to appear i

ience

timated headin
dy area 

2018 and that 
negative value

d over two yea
e value itself a

dle stream regi
ly stable in th
l. On the othe
ecipitation and
in the lower st

ng stage in (a) 2

in 2019. The 
e shows the hig
ars. This figure
also tended to 
ion tended to 
he upper stream
er hand, the lo
d higher tempe
tream. 

Vol. 14, No. 8;

 

2018,  

larger the pos
gher the yield v
e shows that m
be large, whil
take the value
m area, and an
ower stream ar
erature. As a re

2022 

sitive 
value 
many 
le the 
e that 
nnual 
rea is 
esult, 



jas.ccsenet.

 

4. Conclus

Understan
evaluation
satellite da
different tr
calculating
compared 
ripening st
it was pos
0.40 and R
to carry o
parameters
study area
regions of
suggested 
stream are
yield by re
introduced
each field 

Acknowle

We would
Damage A
which is s
Agency (J
Developm
(ESA) for 
Indonesia.

 

org 

Figure 

sions 

nding the yield 
n. In this study
ata by extracti
ransplanting d
g the reflectan
and verified. 

tage about 25 
sible to estima

RMSE of 1.2 t
out the continu
s which repres
a. The yield a
f the study are
that the differ

ea than in the u
egion and year
d in Indonesia 
is necessary. 

edgments 

d like to expres
Assessment Pr
supported by t
JICA) as a pr

ment). (Grant N
providing the 
 

13. Difference

per field is im
y, the spatial v
ing the growth
ates interming

nce and index e
As a result, t
days after the 

ate the yield o
t/ha (p < 0.05)
uous yield mo
sented environ
and the NDW
ea. Since the y
rence by the d
upper stream a
r. Therefore, w

in the future,

ss our profoun
rocess in Agri
the Japan Scie
rogram of SA

Number: JPMJS
Sentinel-2 sat

Journal of A

e of estimated y

mportant for th
variation of ri
h curve by adj
gled. At first, in
every 5 days a
the red wavel
heading stage

f the whole stu
, and it was sh

onitoring in th
nmental condit
I distribution 

yield differenc
ifference in m
area. From the

when an insuran
, yield estimat

nd gratitude to
icultural Insur
ence and Tech

ATREPS (Scie
SA1604). We 
tellite datasets,

Agricultural Sci

14 

yield (2018 - 2

he proper mana
ice yield was 
usting the gro
n the field unit
after the headi
length band an
e were selected
udy area with 

hown that the r
his region in t
tions, indicatin
showed differ
e by year tend

meteorological 
e above result,
nce system ba
tion considerin

o “The Project 
rance as Adap
hnology Agen
ence and Tech
would also lik
, and pest obse

ience

2019) at (a) Ci

agement of pad
estimated usin

owth stage for 
t, the multiple 
ing stage, and 
nd NDWI in 
d as parameter
an accuracy o

remote sensing
the future. ND
ng that water i
rences in the 
ds to increase 
conditions ten
, it was shown

ased on yield a
ng the transpla

for Developm
ptation to Clim
cy (JST) and 

hnology Resea
ke to acknowle
ervers who wo

ihea; (b) test si

ddy rice and q
ng the time se
each field wh
regression mo
the accuracy 
the period co

rs. By using th
of coefficient o
g technique w

DWI was sele
s the major lim
upper stream 
in the lower s

nds to increase
n that there wa
as one of the ev
anting date an

ment and Imple
mate Change f

Japan Interna
arch Partnersh
edge the Europ
orked together 

Vol. 14, No. 8;

 
ite 

quantitative dam
eries SENTIN
here the fields 
odel was create
of each model

orresponding to
his model equa
of determinatio
as an effective
cted as one o
miting factor i

and lower st
stream area, it

e more in the l
as dispersion i
valuation indic

nd growth stag

ementation of 
for Food Secu
ational Cooper
hip for Sustain
pean Space Ag
for field surve

2022 

mage 
EL-2 
with 

ed by 
l was 
o the 
ation, 
on of 
e tool 
f the 
n the 
tream 
t was 
ower 
n the 
ces is 

ge for 

New 
urity” 
ration 
nable 
gency 
eys in 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 8; 2022 

15 

References 

Ainsworth, E. A. (2008). Rice production in a changing climate: A meta-analysis of responses to elevated carbon 
dioxide and elevated ozone concentration. Global Change Biology, 14(7), 1642-1650. https://doi.org/ 
10.1111/j.1365-2486.2008.01594.x 

Akaike, H. (1998). Selected Papers of Hirotugu Akaike (Springer Series in Statistics). New York, NY: Springer. 

Bessho, K., Date, K., Hayashi, M., Ikeda, A., Imai, T., Inoue, H., … Yoshida, R. (2016). An introduction to 
Himawari-8/9—Japan’s new-generation geostationary meteorological satellites. Journal of the 
Meteorological Society of Japan. Ser. II, 94(2), 151-183. https://doi.org/10.2151/jmsj.2016-009 

Boor, C. de. (1978). A Practical Guide to Splines: Applied Mathematical Sciences (1st ed., p. 27). New York, 
NY: Springer. https://doi.org/10.1007/978-1-4612-6333-3 

Brouwer, C., & Prins, K. (1989). Irrigation Water Management: Irrigation Scheduling. Rome, Italy: Director, 
Publications Division, Food and Agriculture Organization of the United Nations. Retrieved from 
https://www.fao.org/3/T7202E/t7202e00.htm#Contents 

Bulsink, F., Hoekstra, A. Y., & Booij, M. J. (2009). The water footprint of Indonesian provinces related to the 
consumption of crop products. Value of Water Research Report Series No. 37. Delft, the Netherlands: 
UNESCO-IHE Institute for Water Education. https://doi.org/10.5194/hessd-6-5115-2009 

Chen, C., Quilang, E. J. P., Alosnos, E. D., & Finnigan, J. (2011). Rice area mapping, yield, and production 
forecast for the province of Nueva Ecija using RADARSAT imagery. Canadian Journal of Remote Sensing, 
37(1), 1-16. https://doi.org/10.5589/m11-024 

Doherty, N. A., & Richter, A. (2002). Moral hazard, basis risk, and gap insurance. The Journal of Risk and 
Insurance, 69(1), 9-24. https://doi.org/10.1111/1539-6975.00002 

Du, H., Fuh, Ru-C. A., Li, J., Corkan, L. A., Lindsey, J. S. (2008). PhotochemCAD‡: A Computer-Aided Design 
and Research Tool in Photochemistry. Photochemistry and Photobiology, 68(2), 141-142. https://doi.org/ 
10.1111/j.1751-1097.1998.tb02480.x 

Franks, P. J., Adams, M. A., Amthor, J. S., Barbour, M. M., Berry, J. A., Ellsworth, D. S., … Caemmerer, S. von. 
(2013). Sensitivity of plants to changing atmospheric CO2 concentration: from the geological past to the 
next century. New Phytologist, 197(4), 1077-1094. https://doi.org/10.1111/nph.12104 

Fulazzaky, M. A. (2014). Challenges of integrated water resources management in Indonesia. Water, 6(7), 
2000-2020. https://doi.org/10.3390/w6072000 

Gao, B. C. (1996). NDWI—A normalized difference water index for remote sensing of vegetation liquid water 
from space. Remote Sensing of Environment, 58(3), 257-266. https://doi.org/10.1016/S0034-4257(96) 
00067-3 

Hackert, E. C., & Hastenrath, S. (1986). Mechanisms of Java rainfall anomalies. Monthly Weather Review, 
114(4), 745-757. https://doi.org/10.1175/1520-0493(1986)114<0745:MOJRA>2.0.CO;2 

Hongo, C., Tsuzawa, T., Tokui, K., & Tamura, E. (2015). Development of damage assessment method of rice 
crop for agricultural insurance using satellite data. Journal of Agricultural Science, 7(12), 1916-9752. 
http://dx.doi.org/10.5539/jas.v7n12p59 

Kawamura, K., Ikeura, H., Phongchanmaixay, S., & Khanthavong, P. (2018). Canopy hyperspectral sensing of 
paddy fields at the booting stage and PLS regression can assess grain yield. Remote Sensing, 10(8), 1249. 
https://doi.org/10.3390/rs10081249 

Kobata, T., & Uemuki, N. (2004). High temperatures during the grain-filling period do not reduce the potential 
grain dry matter increase of rice. Agronomy Journal, 96(2), 406-414. https://doi.org/10.2134/agronj 
2004.0406 

Kubota, T., Aonashi, K., Ushio, T., Shige, S., Takayabu, Y. N., Kachi, M., … Oki, R. (2020). Global satellite 
mapping of precipitation (GSMaP) products in the GPM era. Satellite Precipitation Measurement (3rd ed.). 
New York City, United States: Springer. https://doi.org/10.1007/978-3-030-24568-9_20 

Kuwata, K., Mahmood, F., & Shibasaki, R. (2015). Weather index for crop insurance to mitigate basis risk. 2015 
IEEE International Geoscience and Remote Sensing Symposium (pp. 4656-4659). IEEE, Milan, Italy. 
https://doi.org/10.1109/IGARSS.2015.7326867 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 8; 2022 

16 

Liu, K., Li, Y., Hu, H., Zhou, L., Xiao, X., & Yu, P. (2015). Estimating rice yield based on normalized difference 
vegetation index at heading stage of different nitrogen application rates in southeast of China. Journal of 
Environmental and Agricultural Sciences, 2(13).  

Liu, W. T., & Kogan, F. (2002). Monitoring Brazilian soybean production using NOAA/AVHRR based 
vegetation condition indices. International Journal of Remote Sensing, 23(6), 1161-1179. https://doi.org/ 
10.1080/01431160110076126 

Mahul, O., & Stutley, C. J. (2010). Government support to agricultural insurance : Challenges and options for 
developing countries. World Bank. https://doi.org/10.1596/978-0-8213-8217-2 

Manago, N., Hongo, C., Sofue, Y., Sigit, G., & Utoyo, B. (2020). Transplanting date estimation using sentinel-1 
satellite data for paddy rice damage assessment in Indonesia. Agriculture, 10(12), 625. https://doi.org/ 
10.3390/agriculture10120625 

Miranda, M. J., & Gonzalez-Vega, C. (2011). Systemic risk, index insurance, and optimal management of 
agricultural loan portfolios in developing countries. American Journal of Agricultural Economics, 93(2), 
399-406. https://doi.org/10.1093/ajae/aaq109 

Morton, J. F. (2007). The impact of climate change on smallholder and subsistence agriculture. Proceedings of 
the National Academy of Sciences of the United States of America, 104(50), 19680-19685. https://doi.org/ 
10.1073/pnas.0701855104 

Mosleh, M. K., Hassan, Q. K., & Chowdhury, E. H. (2016). Development of a remote sensing-based rice yield 
forecasting model. Spanish Journal of Agricultural Research, 14(3), e0907. https://doi.org/10.5424/sjar/ 
2016143-8347 

Naylor, R. L., Battisti, D. S., Vimont, D. J., Falcon, W. P., & Burke, M. B. (2007). Assessing risks of climate 
variability and climate change for Indonesian rice agriculture. Proceedings of the National Academy of 
Sciences of the United States of America, 104(19), 7752-7757. https://doi.org/10.1073/pnas.0701825104 

O’Brien, K., Leichenko, R., Kelkar, U., Venema, H., Aandahl, G., Tompkins, H., … West., J. (2004). Mapping 
vulnerability to multiple stressors: climate change and globalization in India. Global Environmental Change, 
14(4), 303-313. https://doi.org/10.1016/j.gloenvcha.2004.01.001 

Panuju, D. R., Mizuno, K., & Trisasongko, B. H. (2013). The dynamics of rice production in Indonesia 
1961-2009. Journal of the Saudi Society of Agricultural Sciences, 12(1), 27-37. https://doi.org/10.1016/ 
j.jssas.2012.05.002 

Santosa, M., & Suryanto, A. (2015). The growth and yield of paddy Ciherang planted in dry and wet season and 
fertillized with organic and inorganic fertilizers. Journal of Agricultural Science, 37(1), 24-29. 
http://doi.org/10.17503/agrivita.v37i1.251 

Song, Y., Wang, C., Linderholm, H. W., Fu, Y., Cai, W., Xu, J., … Chen, D. (2022). The negative impact of 
increasing temperatures on rice yields in southern China. Science of the Total Environment, 820(10), 
153262. https://doi.org/10.1016/j.scitotenv.2022.153262 

Soriano-González, J., Angelats, E., Martínez-Eixarch, M., & Alcaraz, C. (2022). Monitoring rice crop and yield 
estimation with Sentinel-2 data. Field Crops Research, 281(15). https://doi.org/10.1016/j.fcr.2022.108507 

Sujono, J. (2010). Flood reduction function of paddy rice fields under different water saving irrigation 
techniques. Journal of Water Resource and Protection, 2(6), 555-559. https://doi.org/10.4236/jwarp.2010. 
26063 

Swami, S. (2017). Effect of solar radiation in crop production: Natural Resource Management for Climate 
Smart Sustainable Agriculture. New Delhi, India: Soil Conservation Society. 

Takenaka, H., Nakajima, T. Y., Higurashi, A., Higuchi, A., Takamura, T., Pinker, R. T., Nakajima, T. (2011). 
Estimation of solar radiation using a neural network based on radiative transfer. Journal of Geophysical 
Research Atmosphere, 116(D8), D08251. https://doi.org/10.1029/2009JD013337 

Yazd, S. D., Wheeler, S. A., & Zuo, A. (2020). Understanding the impacts of water scarcity and socio-economic 
demographics on farmer mental health in the Murray-Darling Basin. Ecological Economics, 169. 
https://doi.org/10.1016/j.ecolecon.2019.106564 

Yuliawan, T., & Handoko, I. (2016). The Effect of Temperature Rise to Rice Crop Yield in Indonesia uses 
Shierary Rice Model with Geographical Information System (GIS) Feature. Procedia Environmental 
Sciences, 33, 214-220. https://doi.org/10.1016/j.proenv.2016.03.072 



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 8; 2022 

17 

Zaman, N. K., Abdullah, M. Y., Othman, S., & Zaman, N. K. (2018). Growth and Physiological Performance of 
Aerobic and Lowland Rice as Affected by Water Stress at Selected Growth Stages. Rice Science, 25(2), 
82-93. https://doi.org/10.1016/j.rsci.2018.02.001 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


