Becmuux KazHY. Cepus sxonozuueckas. Ne3 (32), 2011

53

BOCIIPOM3BOIUTEIbHBIC (QYHKIMHA OceTpoBbiX // OceTpoBoe
xo3siiictBo BogoemMoB CCCP. — Actpaxanb, 1989. — Y. 2. —
C. 13-15.

13. Antypses 1O.B., Pomanos A.A., IlleBenesa H.H.
l'ucTomaronorus MONepeyHoOII0a0CaTON MbIIIEUHON TKaHU U
MEYCHU KACIUHCKHUX OCETPOBBIX // BOMPOCH HXTHOMOTHUHU. —
1992. -T. 32. Bpim. 2. — C. 157-171.

14.KozaR.A., Moore M.J., Stegeman J.J. Elevated ornitin
decarboxylase activity, polyamines and cell proliferation
in neoplastic and vacuolated liver cells of winter flounder
(Pleuronectes americanus) // Carcinogenesis. — 1993. — Ne 14,
v. 3. —P. 399-405.

15. Isacromosa O.A., Tpyoenxkast O.A. Hekotopsie Mop-
(donornueckre U IMUTOIOTHISCKHE OCOOCHHOCTH TICUCHH Ce-
royieTok Rana arvalis B yCIIOBHSIX TEXHOT€HHOTO JIaHAmadTa
/I Dxonorus. — 1989. — Ne 5. — C. 57-63.

16. Pomeiic b. Mukpockonmueckast Texanka. — M.: U3n-
BO MHOCT. JIUT-pbl, 1953. - 718 c.

17. bemmesckuii A.Il., TepcenoB O.A. buoxumwust mist
Bpaua // ExarepunOypr: Ypanbckuil pabounii, 1994. — 384 c.

18. Martoja R., Martoja-Pierson U. Unitition aux techniques
de I’histologie animall. — Paris: Masson, 1967. — 345 p.

sk

Kanwazai COC nromunacel, Ine o3eninde mexenoeumin
caszam, KOKcepKke, aKMapKa Oapanapbliblly ACKA3aH-IUeK
orconoapul,  bayvipuvl,  dcenbezekmepi,  JHcbIHbIC  Oe30epi
Myuenepine namomopporocusiblK, 3epmmeyiep Heypeizinoi.
Bapnvix sepmmencen oapanapoan scozapei 0apeicede bayvlp
Jicone ocenbezekmepinde naida 00n2aH, KOMNEHCAMOPIbl-
betiimoeny cunamvlHOa MOpPQONIOUANLIK O32epiuimikmep

avikbinoanean.  Onap  dcenbezex  AHcanvlpaKuiaiapbIHblY
onumenuiinoe MasaKwia JiCoHe WLIPLIUMbL  KIemKaiap
Canvinbly  KOOeIoiMeH,  dNumenuti  JcanvblpaKuanapuinoa

WBIPLIUMBL  KIIeMKAIapovly naiioa 0OonybiMeH, 0ayblpobly
NEepUBACKYNIAPIbL  KeHicmikmepinde icikmix natioa 6Oouy-
bIMeH, — OaybipObly — NepuBaAcKYIApIbL  KeHicmikmepinoezi
MOHOYUMApvl Jcone IUMPOYUmapivl UHGUILMPAYUsLIAp
JicoHe Tulek anumenuiindesi aum@oyumapivl uHpuILMpa-
yusinapmen  kopindi. Caszan OdapanapviHvly  0aybipbiHOa,
orcenbesekmepinde,  ananvlk  6Oesoepinde  decmpyKmueni
cunammaevl mopghono2usnvlk e3eepicmep oencinenoi. Onap

UTC (YIIK) 620,9 (575.2) (04)

eemocmas nauda 6on2am dceKkenenzen dcenbesex aamen-
JIANAPLIHBIY MAMbLP Kabammapsl, Hcaansl KaObIHy npoyec-
mepinde JicoHe  Oayblp  YANALAPLIHbIY — HEKPOMUKALbIK
e3eepicmepinde, KaH MamblplapbiHbly OY3biiybiHAH (KAH
KYUbLLY, icikmep, 6ayblp apmepusiiapbliodesl mpomoo3oap),
COHOAt-aK, 6ayvipObIH 6Mm 6O HCONOAPLIHOASLL OAYbIP CMPO-
MaNApuIiHOAgbl OIHEKep YANACHIHbIY YIEAIObIHAH, JiCbIHbIC
be30epindeci ooyummepoiy OeceHepamusmi e32epyiepi oOe
cmpykyusiceinoa oaikanean. Cazan 0apaiapvlian 3epmmeiin,
AHBIKMANEAH NAMOMOP@ONOSUANLIK 632epicmep, ASHU CA3aH
banvizbl Genmogae peminoe 1aCmanean 3ammapobiy dcepine
aHco2apul dapedcede Yulblpatiovl, HIMUNCECIHOe Myluenepoiy
NaAmMonoSUANIbIK 632epicmepee anvln kenedi 0en mycindipineoi.

skskok

The pathomorphological study of the gastro-intestinal
tract, liver, gills, sexual glands in the individuals of asp,
pike perch, sazan, from the Ile river in the area of the dam
Kapchagay Hydroelectric power station was held. The
morphological changes of compensatory and adaptive
nature, expressed to a greater extent in the liver and gills,
were identified at all investigated species. It was expressed in
the increase of the number of mucous and rodlet cells in the
epithelium of gillnet petals, the emergence of mucous cells in
the epithelium of lamellae, oedema in the epithelium of gillnet
petals and lamellae, oedema in the spaces around the blood
vessels of liver, the infiltration of liver’ perivascular spaces
by monocytes and lymphocytes, lymphocytic infiltration of
the intestinal epithelium. The destructive morphological
alterations were marked in the liver, gills, ovaries of sazan.
These were expressed in the destruction of the vascular
layer of the individual gill lamellae with the phenomena of
hemostasis, extensive inflammatory and necrotic changes in
the liver tissue, alterations of the vascular bed (hemorrhage,
edema, hepatic artery thrombosis) and bile ducts diseases of
the liver, expansion of the connective tissue of liver stroma,
degenerative changes of eggs in the ovaries. Expressed
pathomorphological changes in the studied carp species
can be explained by the fact that carp, as fish benthos fed,
to a greater extent exposed to the pollutants that lead to

pathological changes in the organs.
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RAPID EVALUATION OF FOREST DAMAGED BY TYPHOON USING
MULTISPECTRAL SATELLITE DATA — CASE STUDY IN HOKKAIDO JAPAN

Abstract Typhoon SONGDA (2004.09) caused
serious damage to the forest of Hokkaido. Data
from Terra/ASTER were used to extract fallen trees

in the south-western inland and coastal area of

central Hokkaido. We used vegetation indices in
conjunction with maximum likelihood classification

(MLC) to map the fallen tree pixels. The extraction of

fallen tree clusters resulting from intense winds has

been successfully demonstrated using Terra/ASTER
satellite data.
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Introduction

Japan is an archipelago frequently affected by
typhoons. In September 8th 2004 it experienced
Typhoon SONGDA that was considered one of
the destructive typhoons to hit Hokkaido, the
northernmost island. The effect was devastating and
caused extensive damage in agriculture, forestry
and other infrastructure (Buhe et al., 2005). Forest
damage due to strong wind such as fallen trees was
evident in the areas affected. However, evaluation
on the extent of the devastation was very difficult
because of inaccessibility of the area affected.

Quick assessment of distribution and estimation
of the degree of damage of forests after typhoons
are important for government institutions and non-
profit organizations involved in the planning of forest
and wildlife management. This study envisions for
a method that can evaluate typhoon damage rapidly
and easily. Remote sensing technology with its
unique synoptic coverage has a unique potential in
evaluating the forest damage in a large area (Ekstrand,
1994, 1996). Satellite images can offer sources of
information to rapidly evaluate the spatial extent
and damage of affected forests. In previous research
work concerning fallen trees mapping using satellite,
Landsat and SPOT has been in common use (e.g.,
Mukai and Hasegawa 2000; Clandillon et al. 2003),
and methods for extraction such as classification,
visual approach, multitemporal approach have been
proposed. Recently it has been reported research work
using SAR interferometry techniques (e.g., Dwyer
et al. 2000), SAR and SPOT with combined (Yesou
et al. 2003). However, these are not always better
ways in cost, resolution, covered area and operability
in which it was all considered. The research of the
windfall trees extraction using ASTER launched in
1999 is very little, though it is predominant in these
points.

The aim of this study is to evaluate the forest
damage by the typhoon SONGDA in Hokkaido,
Japan rapidly and easily using ASTER. Moreover,
we intend to clarify the spectral characteristics of
windfall trees, and examine the effectiveness of the
index using Short Wave Infrared. These will prove
the potential use of remote sensing technology for
efficient evaluation of future typhoon damage in
forested areas.

Methods
Two study sites including the forests that have been

damaged seriously by the typhoon, Lake Shikotsuko
area (center point: N42° 45° 37.44», E141° 29’

30.58») and Nopporo forest park area (center point:
N43°02°38.74», E141°31°22.55»), were set (Fig. 1).
Lake Shikotsuko area is 99,473 ha located in coastal
area of central Hokkaido, dominated by coniferous
and broad-leaved mixed forest including planted,
and Nopporo forest park area is 2,053 ha in inland of
south-western Hokkaido, mostly covered with natural
forest of deciduous and coniferous trees.

In order to evaluate the forest windfall damage by
the typhoon SONGDA, we performed a field survey
at line sensors and 64-points using Global Positioning
System (GPS) and took aerial photographs (September
15" 2004). We further investigated forest damage in a
wide area using remote sensing techniques. The data
was analyzed by first extracting the pixels associated
with fallen trees. ATCOR software (version 3) method
was used for the correction of the atmospheric effect

Lake Shikotsuko

Figure 1. Study sites ((A): Nopporo forest park area, (B):
Lake Shikotsuko area)

about path radiance, adjacency radiation and terrain
radiation reflected to the pixel. The atmospheric
conditions (water vapor content, aerosol type, and
visibility) for a scene were estimated by target pixel of
the image using SPECTRA module of ATCOR3. The
reflectance spectrum of a target in the scene can then
be viewed as a function of the selected parameters
(Hoshino et al., 2009).

Data used were from Terra/ASTER original Le-
vel 1B Visible-Near Infrared/Short Wave Infrared
Thermal Infrared (VNIR/SWIR/TIR) Data (Before
Typhoon: 10:25 AM, October 17, 2001, and After
Typhoon: 10:25 AM, September 23, 2004, Path-108/
Row-886, N42°50°15.62», E141° 2°15.96», provided
by the ©OERSDAC, Japan). The preprocessing of
ASTER data included resampling of the 3-different
layers having different resolution i.e., VNIR (15 m),
SWIR (30 m) and TIR (90 m) data to a common
spatial resolution of 15 m; and statistical evaluation
of correlation coefficients between different bands
was made.
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First, the supervised classification was carried out
using maximum likelihood method with field survey
data and ASTER image, and accuracy was evaluated
with error matrix of forest damage area in study
sites. Next, Normalized Difference Vegetation Index
(NDVI, calculated by equation (1)), Leaf Area Index
(LAI, calculated by equation (2), Chen, et al., 1992)
and Vegetation Leaf Water Index (VLWI, calculated by
equation (3), Buheaosier et al., 2004) were calculated
in this study as the indices expressing the vigor of
vegetation. Since satellite can measure the amount
of sunlight reflected in the red and NIR spectrum,
NDVI can be computed to measure greenness or plant
health that can be displayed as an image. NDVI was
calculated using an equation as described by Asrar
and Baret (Asrar, et al., 1984; Baret, et al., 1991).

Ny - NIR=RED
NIR + RED 1
~ NDVI
LAl = — (= NPV
a, a,
VLWl = K, 4| VIR=SWIR .
NIR + SWIR

Where, RED, NIR and SWIR are reflectance in
visible Red, Near Infrared and Short Wave Infrared
bands and K is an adjusting factor for the influence
of the background soil reflectance (where, input K =
0.50 at half vegetated area, and input K = 0.0 at 100%
vegetation covered area (Buheaosier, et al., 2004).
In this case, we input K = 0.25 at Lake Shikotsuko
site fallen tree area); a,, a, and a,is parameters of
vegetation with varied vegetation (or soil) types. For
example, a,=0.82, a,=0.78 and a,=0.60 is cotton; or
a,=0.68, a,=0.50 and a,=0.55 is corn (after Asrar et
al. 1984 and Baret et al., 1991). In this study, a,=0.98,
a,=0.85 with healthy forest and , a,=0.41, a,=0.38
with fallen trees.

Results and Discussion

Fig. 2(A) and (B) show the output forest damage
area map of test areas, Lake Shikotsuko site and
Nopporo  forest park site, respectively resulted
from supervised classification. Table 1 shows the
supervised classification error matrix of forest
damage area. As fallen trees lost the characteristics
of healthy trees, they resemble the barren soils pixel
etc. and are misclassified. In this case, most of the
trees suffered from damage of windfall are Sakhalin

©)

(- (2P = B

(A) (B)

. Fallen tree pixels

()]

Figure 2. (color) (A) is output forest damage map of test
area of Nopporo forest park;
(B) is output forest damage map of test area of forest near
Lake Shikotsuko (in Fig. 1, fall (65%) and (90%) — shows
fallen tree covered 65% and 90% area; for-shows healthy
forest area; wat-shows water bodies; bars-shows barren soil
area; urb-shows urban area; mot-mountain area)

fir (Abies sachaliensis), Sakhalin spruce (Picea
glehnii) and Ezo spruce (P. jezoensis) that are both
artificial plantation areas while some are natural
forests. Comparison of fallen trees and healthy
forest based on the reflectance of fallen trees in both
sites shows suite of higher value in ASTER band-2
(red chlorophyll absorption) and shows the suite
lower value in the ASTER band-3 (NIR: chlorophyll
reflection), that means the fallen tree has lost the
function as a healthy tree (Fig. 3). The fallen tree
can be specified by comparison of the value of NDVI
calculated from the satellite data before and after
a typhoon per pixel. The NDVI values of leaves
before and after the typhoon in same pixels shown
on Fig. 4. In northern Japan, leaves starts to wither
in September causing low NDVI values and further
becomes lower in October. However, Fig. 4 showed
that October NDVI value was higher than that of
September thus we consider the pixels in September
representing the fallen trees.

Taking into consideration that no satellite image is
available before the typhoon, determination of fallen
tree can still be performed contextually by comparing
NDVI of damaged and healthy forests in post typhoon
image provided the tree type and other environmental
conditions are alike. Of the nine points investigated in
this study in both sites, NDVI of healthy forests have a
mean of 0.778 whereas fallen trees have 0.403 on 15-
days after the typhoon (Fig. 5). Similarly the average
value of VLWI of healthy forest is 0.797, but VLWI
of the fallen trees has decreased to 0.537 (Fig. 5). An
important index for extraction of the fallen tree is the
LAI since these trees have very small LAl compared
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Figure 3. Comparison of the spectral reflectance of fallen
tree pixels and forest pixels using ASTER VNIR/SWIR
data after the typhoon (Sep. 23, 2004)

to a healthy forest. Furthermore, it becomes smaller
as time is passed. 15-days after the typhoon, the value
of 0.8<LAI=<1.5 shows fallen trees pixel. Average
LAI value of forest is 2.0 while average LAI value of
fallen trees is 1.0 in all of the monitored area, and this

result is confirmed by field study (Fig. 6 (A, B).

BENDVI of fallen trees
BVLWI of fallen trees

WNDVI of healthy forests
B8 VLWI of healthy forests

Datavalue of satellite indices

GPS sampling points

Figure 5. Comparison of the NDVI (and VLWI) value of
a healthy forest and the fallen trees at investigated points
using ASTER data after the typhoon (Sep. 23, 2004)

changes seems to also greatly contribute. In this
research, we succeeded in evaluation of the forest
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Figure 4. Comparison of the NDVI value of forest before
and after the typhoon using ASTER data (before typhoon:
Oct. 17, 2001; after typhoon:

Sep. 23, 2004, in the same pixel)

These decreasing of values in indices are because
fallen trees have been losing the water content of
their leaves gradually and green leaf photosynthesis
function of chlorophyll of the fallen trees has dropped,
in addition to these, the tree trunk has revealed by
windfall and that the spectral reflection characteristic

T B M B R,
') WM "W"‘rru “’WW

" fallen tree pixels
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Profile (A-B)
Figure 6. LAl map of fallen trees and forest using

ASTER data after the typhoon (Sep. 23, 2004). The value
of 0.8<LAI=<1.5 is fallen trees pixel and is shown in
black color

damage by the typhoon based on satellite data (NDVI,
VLWI and LAI) of pre and post typhoon.
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Table 1
Supervised classification error matrix of forest damage area calculated
by maximum likelihood classification
Reference 1 2 3 4 5 6 7 8 Total User’s
Class Accuracy
Map Class | Fall Lake | Forest | Barren | Mountain | Urban | Sea Fall | Pixels (%)
(65%) soil (90%)
Fall (65%) 1 1466 0 14 22 5 1 0 402 1910 76.8
Lake 2 0 15033 0 0 0 0 8 0 15041 99.9
Forest 3 1 0 1876 3 0 0 0 0 1880 99.8
Barren soil 4 23 0 8 473 0 0 0 0 504 93.8
Mountain 5 19 0 0 0 3937 371 0 11 4338 90.8
Urban 6 8 0 0 15 471 2592 0 1 3087 34
Sea 7 0 0 0 0 0 0 10593 0 10593 100
Fall (90%) 8 15 0 0 0 0 0 0 196 211 92.9
Total Pixels 1532 | 15033 | 1898 513 4413 2964 | 10601 | 610 | 37564 0
Producer’s [1(%) 95.7 100 98.8 92.2 89.2 87.4 99.9 32.1 0
accuracy

Present study confirms that remote sensing using
ASTER is an effective method to evaluate forest
fallen tree damage by typhoon and can be applied
to wide area as well. This method can be utilized to
provide forest and wildlife management authorities
on the distribution and extent of forest damage at
least 15 days after devastating typhoons.

Asrar G., Fuschs M., Kanemasu E.T., and Hatfield J.L.
(1984) Estimating absorbed photosynthetic radiation and leaf
area index from spectral reflectance in Wheat. Agronomy
Journal 76: 300-306.

Baret F. and Guyot G. (1991) Potentials and Limits of
vegetation indices for LAI and APAR assessment. Remote
Sensing of Environment 35:161-173.

Buhe Aosier; M. Takada; Y. Yasui (2005) Extraction of
fallen trees pixel using Terra/ASTER and MODIS data in
Hokkaido Japan. Proceeding of the 24th annual conference
of Japan Society for Natural Disaster Science. 79-80 (in
Japanese).

Buhe Aosier, M. Takada, Y. Yasui (2005) The spectrum
characteristics of fallen trees, retrieved from ASTER Data,
Report of Analysis of Forest Damage by typhoon Songda
(2004.09) Using Remotely Sensed Data. published by
Hokkaido Forest Disaster Remote Sensing Study Group. 13-
20 (in Japanese).

Buheaosier, Kaneko, M., Shimada, S. and Tsuchiya, K.
(2004) Estimating Soil Moisture in the Arid and Semi-Arid
Region using Terra/ASTER Data., Participatory Strategy for
Soil and Water Conservation.197-202. ERECON Press.

Buho Hoshino, Masami Kaneko, Kenta Ogawa (2009)
Correction of NDVI calculated from ASTER LIB and

ASTER(ASTO07) data based on ground measurement, Advances
in Geoscience and Remote Sensing (Book chapter), published
by IN-TECH press. ISBN978-953-307-005-6. 45-56.

Chen J.M., and Black T.A. (1992): Defining leaf area
index for non-flat leaves. Agricultural and Forest Meteorology
57:1-12.

Clandillon S., Yésou H., Meyer C., de Boissezon H.,
Favard J.C. (2003) Benefits of SPOT 5 HR and VHR data for
forest management and windfall damage mapping. IGARSS
Proceedings 5. 3079 — 3081.

Dwyer E., Pasquali P, Holecz F., Arino O. (2000)
Mapping forest damage cause by the 1999 Lothar storm in
Jura (France), using SAR interferometry. Earth Observation
Quarterly, 65. 28-29.

Ekstrand S (1994) Assessment of forest damage
with Landsat TM: Correction for varying forest stand
characteristics. Remote Sensing of Environment. 47: 291-302.

Ekstrand S (1996) Landsat TM-based forest damage
assessment: correction for topographic effects Photogram-
metric engineering and remote sensing 62: 151-161.

Mukai Y., Hasegawa I. (2000) Extraction of damaged
areas of windfall trees by typhoons using Landsat TM data.
Int. J. Remote Sensing, 21. 647-654.

Yésou H., Clandillon S., Meyer C., Allenbach B.,
Maire, C., de Fraipont, P., Favard, J.C., Béquignon, J. (2003)
Operational mapping of storm forest damage and assessment
of future VHR SAR and optical sensors. Goeinformation for
European wide integration, Benes(ed), Millpress, Rotterdam.
457-464.

skokok

Tatipyn SONGDA (2004.09) Hanec cepvesuwvill ywepo
necy Ha Xoxkaioo. Hdannvie om Terra/ASTER 6vliu ucnons-
308aHbL 0151 OYEHKU YNABUWUX 0epesbes HA H020-3anade 6Hy-
MPEHHUX U NPUOPEICHBIX PATIOHO8 YEHMPATbHO20 XOKKATOO.
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Mol ucnonvzosanu eecemayuoHHbIl UHOEKC 6 COYEMAHUU C
MaKcumanvHou eeposmuocmoto Kiaccugurkayuu (MLC) ona
Kapmuposanusi nukceiel ynaguiux oepesves. Hszeneuenue
KAACmepos8 Ynasuwux 0epesbes 6 pe3yabmame UHMeHCUBHbIX
6eMPO8 ObLIO YCNEUIHO NPOOCMOHCMPUPOBAHO € UCNONb308A-
Huem cnymHukoeuvix oanusix Terra / ASTER.

skskok

SONGDA  maiighynor  Xokkatioo — apanvimbly — op-
Mman  arkanmapvina 30p Hyckan keamipeen. Terra/ASTER

CNYMHURIHEH ATbIHRAH MASIYMAmMmapovl nauoaiana omol-
puin, opmanvlk XOKKAUOo apanvlHbly OHMYCMIK Oambvlic
JICOHe  JICa2ANBIK  AUMAKMAPLIHOA HYKCAH KeleeH OpMan
ankanmapwinuly Kasipei gcazoaiivl cunammanvineat. Kymuic
OapvICbIHOA HYKCAH KeleeH OpMaH aniKanmapulHbly Kapma-
coin ocacay makcamoinoa MLC dcikmey 20ici, COHbiMeH
Kamap ee2emayuanblk UHOeKc aoicmepi NAUOALAHBUIZAH.
Kammpui orcendiny acepinen HyKcamn Keneern opman anKanmapbiH,
3aKbIMOany Oapedicecine OaIaHbICIbl JICIKMeEY  JHCYMbLCD
Terra/ASTER cnymuuxkmepinen aiblHEAH MALYMAmmapad

cyiiene omuipbin JHCYyp2izineeH.



