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Abstract

We examined the effectiveness and potential of lowland forests for use as green infrastructure by analyzing cases
in which lowland forests mitigated agro-meteorological disasters due to hail, a possible tornado, and typhoons in
recent years. It was considered that the reduction in hail damage could be attributed to the capture of hailstones
by vegetation and reduction in the collision energy of hailstones due to attenuation of wind speeds. Tornados are
highly localized and unpredictable phenomena; however, it was considered that damage attributed to a possible
tornado may have been mitigated by the wind-reducing effect of lowland forest. In the case of Typhoon Trami
(T1824), lowland forests attenuated wind speeds to 54%. In the case of Typhoon Faxai (T1915), it was considered
that damage was minimal because lowland forest reduced wind speeds to levels that could be withstood by pipe-
framed greenhouses. Farmers reported that lowland forests reduce crop vitality to create shade, but also pointed out
that summers are shaded and cool. Research on the function and management of lowland forests, which are valuable
green infrastructures, is desired in the future.

Key words: Lowland forest, Agro-meteorological disasters, Wind mitigation, Green infrastructure, Maintenance
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Fig.1 Map of agricultural land damaged by hail (A:

Extensive damage, B: Limited damage, v indicates
site shown in Fig. 2).
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Fig. 2 Photographs of agricultural crops damaged by hail. Photograph taken from the
position indicated by the ¥ in Fig. 1 on September 26, 2017, Tsukuba City, Ibaraki.
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Fig. 3 Aerial photograph of the southern district of Namegata
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City, Ibaraki, that was struck by a tornado. Circled
numbers indicate locations where damage was
confirmed and corresponds with plates shown in
Fig. 4 and Fig. 5; white arrows indicate view-direction
of photographs. Red arrows indicate direction of
damage. Diagonally stippled arrows indicate a survey
conducted by the JMA. The tornado is believed to have
passed from the lower left to the upper right of the area
shown. Aerial photographs taken by the GSI in 2010.
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Damage to agricultural fa0111t1es caused by the
tornado; @ plastic mulch films, @ steel-framed
greenhouse,® even-span greenhouse, @ and ©®
pipe-framed greenhouses. Photograph taken on
March 2, 2018, Namegata City, Ibaraki.
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Undamaged agricultural fields; ® pipe-framed
greenhouse, @ plastic mulch films. Photographs
taken on March 2, 2018, Namegata City, Ibaraki.
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Fig. 6 Forest damaged to the west of @. A broken red

pine trunk is shown at center (DBH: ~20 cm).
Photograph taken on March 2, 2018, Namegata
City, Ibaraki.
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City. @ Aerial photograph of agricultural land (blue
arrow indicates main direction of winds, % indicates the
location of weather sensor). Aerial photographs taken
by the GSI in 2008; @ Damaged Chinese cabbages in
field A, ® Slightly damaged Chinese cabbages in field
B, ® Forest viewed from south-southwest. Photograph
taken on October 1, 2018.
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Fig. 10 Damage to pipe-framed greenhouse caused by

Typhoon Faxai (T1915) (top: B complex in Fig. 11),
undamaged house (bottom: E complex in Fig. 11).
Photograph taken from site indicated by * in Fig. 11
on September 20, 2019, Yachimata City, Chiba.
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Fig. 11 Map of agricultural land damaged by Typhoon

Faxai (T1915). Dotted rectangles indicate a group
of houses; blue arrow indicates wind direction
(southeast) during the windiest period. % indicates
site where photos in Fig. 10 were taken, —
indicates view-direction in Fig. 10.



S SR T B B

prren

T OEPK IS50mDBHDT, FEINTVNHEITT
B EAWER O& WRETH -/~ D, EOY
PG HER NS 2L T o TE TR 120 m
DEFIZHD, TV RO H O 8§ DESE 12
YL - BT, A (H) O# 20 £ (20H) £ TR
B AR MBI, #2 ~ 8H TZ DI pAH; &1z
LTEMAINTNDZEMNS DY, sy
mﬂ%ﬁwﬁﬁﬁ&ﬁ%%»$%?%’%ot&ﬁ
SN BT, K (1967) Y DR AR DR &
ﬁﬁﬁ&&@$%®777ﬁb8Hif®ﬁ%@w
Wﬁﬁéﬁﬁﬁék,ﬁf@@aﬁmwlywm%
tm%&&%ht B 5 (2020) 2 O I &

, D EARTETXE AN IE TR 3 qﬁﬂ
30~40m/sO) HOR NN TNE D &I X
NTH, KT, %5+ D40m/s Tho=EL T, ¥
HAkDE T 8H OEST T D5 FBFERE A LA S S
E6~28m/s &%, ZORRIEZ, N TNTAD
WEEELT- fBICASIN530ms 0 22 H 5T
WanbZeEMms, D, EOQY 2T i’kﬁ?ﬁi‘*éﬁmfc

-
—>

bOEETINS. B, ZEE¥NSGIE, ©/ 1824
T DFEEHRIT, VIR IDY ?;—:{OJE'”IE'E" Dk

MH - 7.

5. 48

SRTE, RAEEXTONE R AITBNTHER
TNV DRI HFRT KD EBR SN DHMkE BIR
q {aexfiz. £7, U;ﬁ?bmiﬁéhtt?ﬂ}
NHEHFTIE, BOEOBICRZN DT @A,
%f:béhf:%@&?ibzhé Ens, ARNIT
BWTIES " X523 PE ’C%fctm&?Zb
N5, LnLl, BOLDIIH & LRETRITH WA
ETHIENEGL, ERITDOHRBEZEZFS>ZLEIBZL

<Ipw. LEN->T, ¥HRkOF T B CO0 L3N
BRINDEFIPRa<anEibnsd. - Hig,

FEIICBT 20 &DFWHEL T, fW\r”'\%’:jﬂ
i’CZ v hTCH D % RN E 2T
SFHRETEPLTHBD, %¢ Bﬁﬁmﬁﬁ\ﬁ%’é
h'(bié%ﬁ% BNTIE, HATY 2ARITKDERF
HEEHTICT BRI NEHICLbns. L
L, 3 QOEOIMBoFHT, %E’ ESEYEPAEE JORN
Ry MCZOEDMMEED, 20F JITXo TR
N0, X AN} TEHH ORE BT AHIEMN
HB. T, BOEIITHFS>STRSHE BRY b

884 2023 12

XREADEH ERLDIENIETHRN. Lizh-o
T, ZEAST ARERSEEIN TN THY 2k
METETHIEDAY Yy MEHBHENZD, %70
RO EDFE IAPDOE 0%y MrEDTH
BREMSHFHSR A TEHEOY P L TOAEREND
MEGTHBN, Ff, §EHTUOEITAINT
W2 ZEFANUTY, WHSR A TOY 24k

ﬁi‘:’?ﬁ,%{bi&@% WEWZRBEAD. ZOEFTD
ARG S OT T, ﬁ~,#%ﬁabfﬁﬁur
WEBDTHAHM, FIHIHD S TEHep=d

MERFICHiz0 A& éhf%f_t&b,%ﬁ@?ﬂﬁ:
NInkE S BB IR ABE T A RE b ®,
J-i'k*" 134512 %<z7>k6>h%>. Tz, B ORI
30m?‘“770)’1‘?57£**f“555f)§ %5L7‘:'J‘ﬁ*ﬁ®
T H O TH,
A THHS.
FNT, A HIRDONTIE, D TH 208 W
KTHODE G R, KOHEFOI D LN,
VAFRDRB A I L o TR E & N AR D
HEHAONDEHTHD. § FHIBEFHATVS
ERUSNDE XHdH DN, 52 Gk O LR,
é%?\rki?@“ﬁl SHHFELTHD, 9D LZAH
B H D EIFD N TRARN . L, &
OS2 THUE, Ak TR S RS e B T
EMBREFZESLTHHGD 1 DTHDHZ EITHENIZ
BV, - fREaPES S LT, RSSO A h
S5RINTTE, 2METE DR, 1B IR
A TH Z RN L, RS0 EF e
WP MR Thansno e a s nTidn
2H5DDP  WOEZTTHHE THHEEENDH D,
Fo, HEZ2E VT H I ENFERITEEL WAL
% THH5DH. 3BT, EZZ2ADLMNTHR*2ENIHAR
BINFELEIBEIGTOH LI EME, § FEK
22 PIIRF T2 EFRITRSTRL DT
<, FFRFTEFAGRRE WL EZL 2 9L DD,
SHEICBWTHIRE OBRNY 515 2 & 26
GTHELETANYETHD., 22 5d, I 2ihl
?.117%}??;%;%@ [ SN S, KFEFFFERITHL
TSHRARE L TOREZIAZLTWEDDET XI5

Nn5.
5T, v BICHLTIE, SOEDNRNOLSE

AO2RHORY LRSI T T, TEHORE
LK DR AERINZEHSNHD AR



TU—=2A42T75ELTOI R KD XM

SN R 18245 OEFITBWVWTIE, HTADR
Lo R DR R 1921 4 BICRE 2 e KT
THIENTERE. TOies, LAINEHEE OIHR

23T 5 % (2002) © OF P LI L v A &7
0, 23 GO EFRE KD LALI Q5B A& & % A
OB A ET LN I N £, v/
19155 OF GFTIL, /A TN\ X DMcs NER S 1
TZEEE MY Ak igE (H) O 8 K (8H) 12+ L,
B-EORBRDK 15~ 70% 75> i, 17
NTZADTRFEEA B0m/s) 2B 5 TWebD EHEE
SNz WTHOELE, I HAkORE HEICL D
EALNDETTH oM, EHITY HIRNE ~5
PIZET L, T RICKDHEENEI gHF ROER SN
AR THH oz, SR ARDERTHROZ S BE AT,
E RS W =0 Gl RSN AT - A D Tﬁ?f”z %%‘Hm
NWZEDN- JBNTHS., Larl, TBINUT-XE N
RORFE RS Le T, ﬂ@%Awg%@%?

=y
4,

I

SRR, POEDENWHERETE YLFNLAS
Nz (Y12). 2%, BV oHINRD2IND
RPUZH > T, o BEHLSICR®RET 22 52

&éfﬁb,ttz%@ﬂfﬁof%,éwjgt
W EFL ST EERF T RERRICAo
O, TRITRDILER
I, WEETRS Ladtic

WADHME LN,

RIT D=9 I NI DS N

'37"7)?; ATY ENcs L B0 # R E
FAVEF I HZP A —CEL AAFE L&
%ﬁﬂﬁmgt/9~ﬁviamdm;f&n
1999 # 9 B #552)
Fig. 12 Farmland belonging to Hachijoshima Horticultural
Research Center (Tokyo Metropolitan Agricultural
Experiment Station) surrounded by a windbreak
(hedge). Photograph taken by Hachijo Branch,
Tokyo Metropolitan Islands Area Research and
Development Center for Agriculture, Forestry and
Fisheries in September 1999.
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