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ABSTRACT: On March 11, 2011Great East Japan Earthquadteuck Tohoku Region of Japan. Huge arethin
northeast coast of Japan was seriously damagelsebsnagnitude 9.0 earthquake amdsequentsunami. Since
then, the authors have been monitoring the recowtithe tsunami damaged areas of the Miyagi Prafedby
ground survey and satellite image data analysithifnstudy, the authors have investgated how th¥INseasonal
variability of inundated puddy fields change fromay to year after the tsunami. The authors havetsdlesome
test site of normal puddy fields, inundated inshpaedy fields, and inundated inland paddy fieldsudlly, the
NDVI of typical paddy field gradually increase frohay to August and suddenly decreases in Septethieto
harvesting. As for the year 2011, the NDVI of tteelg@y fields damaged by the tsunami in March didinotease
much even in the summer time. However, in inlaaddy fields which were suffered by the Tsunami, Nii®V|
variability became almost the same as that of nbpaddy field in 2012. This means, that those idlgaddy
fields were recovered within one year. On the otand, the inundated inshore paddy fields did howssuch
clear recovery.

1. INTRODUCTION

Remote Sensing is a necessary technology for morgtthe damages of disasters. On March 11, 20tdatGcast
Japan Earthquake with a magnitude of 9.0 struckntrtheast part of Japan. Especially, the huge al@® the
coast was seriously damages bg tsunami associated with the earthquake. Thermemiheight of tsunami was
9.3m recorded in Soma, Fukushima (JMA, 2011), dmedtotal of 561 sgq. km was inundated by the tsunami
(Nagayama et al., 2011). 19,418 people were la$tnaore than 2,592 people are still missing (FDMB1&). At
that time, more than 5000 satellite images werertakithin two weeks after the disaster under therirational
cooperation (Takahashi et al., 2012). The comparigdhe images taken before and after the disasteanced the
serious damages of the area. In other words, nadénaf
remote sensing in disaster monitoring is dame
identification. Since 2011, the authors are momitpithe
recovery of the tsunami damaged areas of the Miy
Prefecture by ground survey and satellite imagea d
analysis (Cho et al., 2013,2014,2015). In this wtute
authors have applied multi temporal analysis of M®D

&
o

NDVI to evaluate the recovery status of paddy Seld : . Natori “
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Figure 1 shows the location of the test site ¢f #tudy. |:| g ‘,-_x.p.. &
The map on the right is a part of the inundated mwip }./. @
Miyagi Prefecture produced by Geological Surve %5 g e )
Institute (GSI) of Japan (GSI, 2011). The red aadoarea o (=

is the area inundated by the Tsunami. The authors I g LA
selected three types of paddy field which are @brr 1@ Normal paddy field

paddy field, inundated inshore paddy field, anchitated @ Inundated inshore paddy field
inland paddy field. The normal paddy field is thadgy @ Inundated inland paddy field GS|
field which were not suffered by the Tsunami. Inueda Figure 1. Location of thetest site

inshore paddy field is the paddy field which is dtex



inshore and was inundated by the Tsunami. Inundatadd paddy field is the paddy field which is lte@d inland
and was inundated by the Tsunami.

3. ANALYZED DATA

NDVI (Normalized Difference Vegetation Index) dedohby the following formula is a typical index festimating
the condition of vegetation (Weier et al., 2000).
NDVI = (NIR = VIS)/(NIR + VIS) Q)
Where NIR:Near infrared band
VIS: Visible red band
Generally, if the reflected radiation in near-iméd wavelengths is much higher than in visiblewadelengths, the
vegetation in the area is likely to be high densé healthy. Thus, by calculating NDVI, one can eatanthe
vegetation condition of the area. In this stuttg, 16 days composite of MODIS NDVI dataset providgdNASA
was analyzed. Table 1 show the specifications of N8 Por calculating NDVI with formula (1), MODIS Bd 1
is used for VIS and Band 2 is used for NIR.

Table 1. Specifications of MODIS

Band | Wavelengthy m] | IFOV | Swath
MODIS | 1 0.620 - 0.670 250m

2 0.841 - 0.876 2330km

3-7 0.459 - 2.155 500m

8-36 0.405 - 14.385 1000m
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4.1 Test area extraction TEg 'rlﬂj,, "o .
i ] I (I | |

In this study, the authors have examint M Mg ’H;% ]J}% M
the 1/100,000 scale inundated me ™ 'J"—-__,rl G
produced by GSI (GSI, 2011) an e <

selecting the three types of paddy fiel | -;:- LA

— . -
as explained in Chapter 3. Then tt (b) Zoom up of the

MODIS NDVI data of the three type of [A|.": ~ inundated map
paddy field were extracted. Figure /| AN /

shows an example of the extraction « | | o &.\ﬁi,x._{_ iy ff

the test area for inundated paddy fiel || B g o 1 I T AR

The blue box in Figure 2(b) shows th (5. "0 Ly /

extracted test area from the map ar ——— \\ i L,f?{“;-w:- ./ ]

Figure 2(c) shows the correspondin i "ol 0 T /

area overlaid on the NDVI image. It (@) Inundated map

order the improve the reliability, severe (Provided by GSl)

areas were extracted for each pad (c) NDVI image
types. Fiaure 2. Test t area extraction

4.2 Seasonal variability evaluation 08

By using the 16 days composite MODIS NDVv  “7

data of the test areas, the NDVI seasonal varigbi 06

of each paddy type were examined. Figure 3 shc &

the typical NDVI seasonal variability of the norms '

paddy field. Usually, the NDVI of a paddy fielcz ©4

gradually increase from May after rice plantini= g3

and reaches to the peak in August. In Septemt 5

NDVI suddenly goes down after the harvestin '

We have compared the NDVI seasonal variabili 0.1

of each paddy type from 2010 to 2015 to evalu: 0

the impact of the Tsunami to the paddy fields a 1 2 3 4 5 6 7 8 9 10 11 12

the recovery from the Tsunami.

MONTH

Figure 3. NDVI seasonal variability of normal paddy field.



5 RESULT

1.0
5.1 Normal paddy field 0.9
0.8
Figure 4 shows the NDVI season: 0.7 , —2010
variabilities of normal paddy fields g 9@ —2011
from 2010 to 2015. Since these padc 0O 05 \ —2012
fields were not inundated by the Z 04 \7 2013
tsunami, the seasonal variability patte 0.3 - N, —2014
of each year are almost the same. 0.2 2015
0.1
5.2 Inundated inland paddy field 00 , 5 3 4 5 7 8 9 10 11 12
MONTH
As shown on Figure 1, many padd Figure 4. NDVI seasonal variabilities of normal paddy fields
fields along the coast of Miyagi 2010 to 2015
Prefecture were damages by the tsuna ( )
associated with the huge earthqua 1.0
occued on March 11, 2011. The oreng 0.9
line on Figure 5 shows the NDVI 0.8
variability pattern of the inland padd 07
fields for the year 2010 (before th 06
Tsunami), and the black line shows tt > 0.5
NDVI variability pattern of the same % 0'4 —2010
area for the year 2011. Compared wi 0'3 —2011
the orange line of 2010 which shows tf 0'2
typical NDVI pattern of normal paddy 0'1
fields, the black line of 2011 shows th 0‘0 1 2 3 4 5 6 7 8 o 10 11 12

clear reduction of NDVI from spring to
summer due to the damage of Tsunal
on March 11.

Figure 6 shows the NDVI season:
variability pattern of the same area froi
2010 to 2012. The blue line shows th
the NDVI variability pattern of 2012
has recovered to the level of 201(
Figure 7 shows the NDVI season:
variabilities from 2010 to 2015. It is
clear that those inundated inland padt
fields have recovered as paddy fields
2012 and are regularly used as pad
fields since then.

5.3 Inundated inshore paddy field

The orange line on Figure 8 shows tt
NDVI variability pattern of the inshore
paddy fields for the year 2010 (befor
the tsunami), and the black line show
the NDVI variability pattern of the
same area for the year 2011. Lik
Figure 5, it is clear that the inshor
paddy fields were seriously damaged t
the tsunami.

Figure 9 show the NDVI season:
variability pattern of the same area froi
2010 to 2015. Until 2015, the NDVI
seasonal variability pattern did nc
recover to the level of 2010. This mear
that those areas were not recover

paddy fields by 2015.

MONTH

Figure5. NDVI seasonal variabilities of inundated 'inland
paddy fields (2010 and 2011)
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Figure 6. NDVI seasonal variabilities of inundated inland
paddy fields (2010 to 2015)
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Figure7. NDVI seasonal variabilities of inundated inland
paddy fields (2010 and 2011)



6. CONCLUSION 1.0

0.9
In this study, the authors have analyz: 0.8
the time series of 16 days composi 0.7
MODIS NDVI data for evaluating the _ ¢
recovery of paddy fields in Miyagi 30_5
Prefecture of Japan which wer =, —2010
damaged by the huge tsunami associa 03 —2011
with the Japan Earthquake occered 0.2
March 11, 2011. The result suggeste 01
that in 2011, because of the tsunan oo 1 2 3 4 5 6 7 8 9 10 11 12
most of the inundated paddy fields i ) MONTH F
this region were seriously damage: igure 8. NDVI seasonal variabilities of inundated inshore
However, many inland paddy field: paddy fields (2010 to 2012)

were recovered in 2012. On the othi
hand, the inundated inshore paddy fielt
investigated in this study were nc
recovered as paddy field yet even |
2015. One of the reason of this recove
delay is that the government is sti
regulating the use of damaged are

—2010
—2011

along the coast. The government is st —2012
performing several meters of landfilling 2013
and making large break water along tt —2014
coast to prevent the damage of the ar 2015

from future tsunami. 1 2 3 4 5 6 7 8 9 10 11 12
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