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[S-33] Direct observation on deposition and clogging of Leonardite humic acid using porous
microfluidics

*WANG Sitongl, SUGIMOTO Takuyaz, KOBAYASHI Motoyoshi2 (1. Graduate School of Science and
Technology, University of Tsukuba, 2. Institute of Life and Environmental Sciences, University of Tsukuba)
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*Sampa Islam1, Julien Boulangel, Fang Zhao? (1. Tokyo University of Agriculture and Technology, 2. East
China Normal University)
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Assessment of the durability of bioclogging under groundwater flow conditions

OFH

w1, ANESEHR 2, ARARTE T RN

Aya Yoshida', Yuki Kojima?, Kohji Kamiya?, Masato Ohishi?

D XL ®HIT
HIAR SRR TUAIT, A TRYZR MRS IZ L v

TR K A& KT DENTZ TIETEDS, H T K
HAH WG T TR R LT S 295 M %
Fro. ZOWE, HHERNCHIKEAIZ L0 H
M DT KMEZE T 208, SIROFEHCH- P 7%
FENBEENOIHFE LRV, 22T, ME
W OBIEIZ X D FAKMERT (N 478 vF
V7)) BRIREAOREEE LT, &K
W OWGE TIEZISHT 2 2 2 RET 5.
INETEHEHED (2025) 12X 0 HFAKFESME
TZBIFAHAINNAA A7 vay X TORAELZ
MZ K B0 7@ KR T 3 feRB S V7223,
FRAICIXZ OFtE N EE L 725, Lo T
AL TIXRRER] DK FEERIC X 5 31 A
7wy X7 OFMERH A BR & Lz,

2) EBRFE

AMFFETIE, ERIE—IRIT D R KR 2
1To7= (K1), W S52mm, &S 220mm D
BRI T BENFHEE S 2 =25, 75, 125,
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L& eEN R 2 & z=150, 100, 150 mm |2
RE LT, BT LEfaKE T EHokE T
B L, RBRREOPKEFaIC L VEKL
7o 17 LIRS N CED L (557 97%)
ZFIEL, 24 FefElFRER, HAKRZBEGE L.
FAEH (B R 7 v — APFHR) 1XEKBA4G 24

eI A% 2> 5 1 B 1 [E] 10 K23 T 50 mL
Zz=25mm OFEIIZEAL, Zhae 7
<VIRLEE. Z0% 22 HIFITEEATHEAK
e lo. PBRKE TRITEKEELL, BT
LN O THGEOR A PRt iREEE R A
1Tolo. 73, RFERITR 1ITRT 4 54T
1To7-. BKARIZENZIL 2 2B 4 &L L,
FKAE 2 1ZBI LT, RBHEZTEAT D
— A LHEALRWr—2 &2 HE L7 (Case 1
& Case2). RBEI/KABLL, HEkZ 7 Lia
KZ 7 OKMEEZFEL, RE L. HE
HEITMEBEKE, #ARERE, PEKEE, Bk
BICENM, HRREEAKER, BKRE, mEYHE
ThDH. BRBREITEI /KA R L OPEKE X
Y Darcy HICHE L7 (RFE S /K13 TDR @
WIMEATIZ Z 0 PE Uiz, SRE P )g
L7z#bkl %2 550°CTC 4.5 BELL BB L, &

BOWRDENGRDT.
(it ) Aoe>v)
@]E E Kprss v
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50 mm = 1)
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1 R_VT |
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Fig. 1 Overview of permeability testing equipment

1) I B R ZREERTE A AR EHF 2R Graduate School of Natural Science and Technology, Gifu University

2) I B RZET5%E Faculty of Engineering, Gifu University

3) MR SIS Seiken Co., Ltd.
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Table. 1 Experimental conditions
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Fig.2 Hydraulic conductivity
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Fig.3 Volumetric water content
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KEDEKEDZENDHBICRIZTTHE

Effect of ponding water level on soil temperature in paddy fields

SOOI, AR REE, T oYy TEL O OBES BA D B4
SHIBATA Kota, IMAI Sakina, DIXON Chihiro, SEKIYA Nobuhito, WATANABE Kunio

(X COHIT KHETITHEAEYSCHEIRSE O G B E R IMEMIC L0 BB ER IS N,
A RIHHE SN D, AEIEE SR O R I THNRIC L 0 27 %5, HURIIEBE TR Z &
MWTED, £, KHOHIRITHEKORELZ TS, 22T, HAKOEEEICL Y HEAKDK
NEDS R DME E BRI ORE IR IR 72 5 & B 27275, 2025 FEOBLAITIE M KD KNAL D &
VME RN @ < R DM R A BT, & 2 CABFFETIE, 2025 & 2026 4FOBUGEIH & Kl
EATIZ IS D X, Hmm/AKOKAL & HIBHERE OBREZBH O N T A2 Z L2 HE T 5,

Fik AT EERAETO 4 X (CREPAR, $HE, B, T ofBEHEIEEFKH
& L7z, 2025 4F 0 A FEHIZ, KIRE 5em HE, /KO, BEEBEZEWI L7, Zhoiamz,
2026 X HEKOKIEE, HFREORE, FRRELZRET 5, BUEFIE T, WoKE e LEo
2 BITxt L, A5y B EhIc S & A R OB HINEE TO 1 IRt O MRS 235 Lz,
TREOESITHENES ZZE L T1500cm & L, #AKDESIL0, 3, Scm ODWTFhund L,
@%*#izms$®ﬁwﬁ%§ztoLT%@%77y7xi&L&L DT 5 v s
ZIIRBBNEIZ IS &, Penman-Montheith . CTH % 7=, #%.IZI1X HYDRUS 1D & AV 7=,

R EEE  Fig 1a T 2025 FEICBAI L 7= A5 &Smn%®a$wmﬁ%r¢ 5 )b
6 AE TIHHENTIEL Y &<, 7 HUBRITHIENAKIE LY bI&< -7, S ANS 6 AF
TIE, P& REAROHIED &<, THBEOMIEIIM 2 BE &L v iKor-72, 7 A LAEOHIR X
KEFA, Wi, THAMEOIEICHIER R -7, 72, Z OO HEAKDKMITIKEA, P,

THAEDNE T@EA-> 7z, Fig. 1b (2 Fig. la & [AHIFIZHOWT, #HKEDOE S %2 3 FHICE X T
RIS LTS S om VRO BEMIR AR T, S A 2 F
6 A OHERIFZIRICIE - 7248, 7 ALBEOH T
RIFRIR L 0 BIE 2 o7, 7 ALBORIRIE 35 | o
A3 0, 3, &m&ﬁw&&m<ﬁoto__ 521 £

fap ™ n e

=19 L i
T, KOBURERE 251295 2 & TR 7t e A —— B S
— s =LA s 4 15
HEMREZE LT, FHEE2IT o 12, %@/ﬁ?%, .
B E RN E VT E A BRI E L o T2 52| b
O o7

A, AKBLAMEVNE L HIRIZE < AR D EAIE D 20 |
7otz B, WARUSOERA®RS 25 [ 4
AL TWDERBIND, ERE LTHERA ©19 [

17 A — AKAI0cm

DIRESL, 4 FOAEFICE B ) RESS, B 15

513 527 6/10 6/24 7/8 7/22 8/5 8/19

7K fiz3em K fiz8cm

DB N 0 2026 F=TIT Z D Date

I B?Z ’ i otﬁ %7: EZFLEj ! T g FiglSom VRHIIE. a)3 [/ 455 OB, b) #H5i
£ O 7B & W BN S 72 D B 2 ko Soil temperature at Scm depth in three fields
2025 F O BIHISCE B fFENT & el 5, a) observed. b) calculated.

* ZHEREYEYES (Faculty of Bioresources, Mie University)  TSEOEIIEE, 28, AR, HAY

— 962 —



[S-29] 2026 75

X CTZRAWHKALTEFTDAZ NTILD 3 RTEH
Three—dimensional Analysis of Methane Bubbles in Paddy Field Using X-

ray CT

Omts &K R FRK MR EZE- #EAEA B
TAKAHASHI TOKIDA OHTAKE TATSUNO KASHIWAGI HAMAMOTO
Ryotaro Takeshi Yutaka Takahiro Junichi Shoichiro

1LIEFL®HIC

KEITHEARFIET TRAE AAEREPEEE L, A ORKESHERY & L TR
v (CHy) NAEKREND, A& CL X EICATEN Lizt@mst, N7 e LToE
. KEND O FIBIC L > TRRICHE S D, £OHTH /N7 /LR CH, O 2
BCH, 7T v 7 AT KRELHE L TW5 (Kajiura and Tokida, 2021), LxL., -3
BT DAZ NI AOAERBRERLC AT IO HHEERE, & 512370 & KGR O 22
PIRAfR 72 E R R BN LW, X CTIZMEDO XHEEREOEWNEZFIHL, MEON
MG A AL TE D FIETH Y . IE TIX RS O RS R MBS O T Iz bk
MEhTnd, TZTARZETIE, XHCT ZHAWT, AR EEPRIZBITS CH AT
DIFEEEEZRA LT D22 E2ENE LT,

2. ik

KR LT O R A OKHESG RGNS LRy 7 V28R LTZ, 2 mn f
Zom 7=, ot 1070g 43 % 1/10000 7 7 /LR > b (EZ : 11.5 cm, &S @ 13.5
em IZKHFFEE LT, ZNEKOFEICKL T2 E&HFHEL, ALKLHEANT 60 H
[FIRE 2 Uiz, BB HE . KA Y &4 (p) 13 10, 20, 30, 50, 60 H HIZ. /KFGHEL
Z (np) 1X 0, 7, 10, 14, 20, 30, 45, 50 H HIZ X # CT Z%& (CT Lab HX130, Rigaku)
T CT Wi & Uiz (BJE 130 kV, &yt 300 pA, 0.2mm $1~7 ¢ V& — (M, S fidhe
1% 37 pm). CT EGIXWE &N~ 7 b (Dragonfly) o Tk 7 AT —2 3 L,
KFER ENRT NV EZNENME L, I LTV ) A A E LizdH & T <L
fFidxz L, ST AVOBELNESEELH T Uic, X CTIREIEHRLZR Y Mk
HRICAKPTHEL, BELEATVEZKTHZ LR CHitET 22 T, LEEYp
DNRTNVDOEREEER L, $Tlo, TAIZa~ T T 7 4 =TT O CH R E Z R E
L7,

*Ab v E K KB S0t (Graduate school of Agriculture, Hokkaido University)
FRESRRBIEN BE - RREXERNB S KNS REREF AL (National
Agriculture and Food Research Organization)

FAEP IR KT LF 222 R (Graduate school of Engineering, The University of Tokyo)
FAFEL YR IE KR FPE W22 0% (Research Faculty of Agriculture, Hokkaido University)
RRF R L YR E R P R F B E B A B IR % PR (Graduate School of Global Food Resources,
Hokkaido University) F—U— K : HHBRECHMWRA, H8, WEHER
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SHREEZE

KIEEE LD ST L ERORE ST — oo™ o
AR 1ICRT, 14 BREETEIAT VTR E — Bwilt "= Bk
J& 10 mm LINIZEZ L HFELTNEEDL O ﬁ'-,':

D, 20 HAMKICHD Lz, ZofRir S,

FREAAITITEBWTIZ, NT IR IIZ Eﬁ
WM ENTZZ s ERB LTy K

%5 (Liu et al., 2018), —Ji. #&JE 20 mm

VAR D /3 7 VAR AR 1355 28 WIS PRV EE N 80 g

L7z, 212, KFGMRIEEE 740 pm BAN O 020 02 050 075 100 125 130 175
FEIRICFEAET A N T IVRFE 2 3F 00 L | fE ik INTILETE ml (P ZL£FEE)

BETHRLEXMEE (REFEXHEE) & B1 NTILABRESTOBRIZEL (np)
Ry FEEOZHE (2KFHER) Lokl Fig.1 Time series of bubble volume depth

a7, 30 HH £ T RIEFXMHEARITIAER distribution

FR DI H 0y T o 7=, KFEAR O @& 5

IR E ICmBEAME T O D .

L T B Y (Colmer and Voesenek, o : .

2009) . Z DFER 30 A H E TRHREET = 4 )

DAFERBIEH SN CNED LS B -

Eibns, —H50 AEUBTR, & T . e

SR KT % AR B A R O A N o

ERLELOOfRSE L L TR S ) R

KOS PEL 2o T, KGR 5 O H HE o o 2o . 0 o e

MK 12 & > T CHy N 7 L 3 A2 gl 3

ENT-— T TOKRRIEZ A Lz A 2 i Gk

BELIEHE LD AT OB S B2 EHERY b2EOTEE

nNi== L REL X, Fig.2 Gas phase fraction in the root
zone and inside the pot

4.FED

REBOFER? S | WAKWWICEKE 10mn LLNIZZ S FET D37 0 1% 2-3 M [ T
DU EOBREND 20mm IR DIERWGFTICAN T ANERT 2 Z L BH LN -T2,
S OIZKFERNEFEIET 256 RIEFH CIXLESEO P TR AT Vb
TR CONTVFEEGIEENM E EbIZET 22 b o T,

N

1)Colmer, T.D. and Voesenek, L.A.C.J. (2009) Functional Plant Biology, 36(8),
pp. 665-681.

2)Kajiura, M. and Tokida, T. (2021)E3&K %, 77(4), pp. 245-252.

3)Liu, L. et al. (2018) Environmental Science & Technology, 52(4), pp. 2007-
2015.
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THRIGBHETILERAV-REEEN KB LR OBRILETIKEIZEZ 5B DT
Evaluation of the impacts of alternate wetting and drying on redox states in
paddy soil using a soil reactive transport model

O IFHE -+ FH I /N = N/ I HH i R
OMomoko Iwasaki* Koharu Tasaki®™ Hirotaka Saito* Nobuo Toride™*
1. [FCHIZ

KHETIE A % e LEENE
KEN, HEPORENARLET D
L TEIKREL D (1), BT
WEETIZ L CEIT KN4 T
BENETATHD AKX RFE wERERE

1 mm~ L
RIS —> AR

T 5, KEDAZ o FAMSG % H 2em
& L7 FIEE LT, W - -~ n srmin] N0 M2 (10)
E(Alternate wetting and drying — GS%M) 4 ZEE Bh | Fe o Fet |
or AWD) A\, PAMGHEMELHEAL 2 B o )
BAKZBIRL, EHHZ LIS e

WeFztind o, TOH, KM

it CO, « Ci—l4

tr ok AR TE . Y THE SRR FeOOH « Fe?*
KOBAEZEDS T Z L THiAZ) | A wmE MnOOH « Mn2*
RULWFFTE D,

1 KALEOWEBRERIZOWT

Figl Biogeochemical dynamics in paddy soils

MIrRERE L 6 LT, B FEER
RBEY I 2 b — g UNER S
NTWD, BUGFEER CIIMBEMOE AN LD, FEREK (Continuous flooding or CF) &kt
L, INEDOED NN TA X CPEHENHIT 25 82 %7 (Chidthaisong et al.,
2018), LU, BEAEMFECIX, FFED HEESMIZIRE S v, FUEEBR CIx L oL 8 &
THEEIN TR, BEx 7e BT 2 MMREM O ) B2 5l 9 2 72 DI i3l s 2
2b—TaryRNEYHTHY, LHOKSG - WEBE) LS E RFFICHE TE 58T AN
LD, T CARNIZE T, HIE S (2025) MSHESE L - AW 5 i 2 £ 5 W O L UG
BEhET V&2 AW T, RIWERE & WK & el U, BIWrERE S KN 2. oKy EhRE,
Fefbis otk Bl 5 2 DB L MET 2 2 L2 A E L,

2. BN BEESMEOLIHRIGBEETIL

FI% & (2025) 1%, HYDRUS1D-PHREEQC (HP1) Z FH VT /K 1 D e fbas oo SO 23w H Al RE 72 +
HESBENET V&S L=, HYDRUS-1D THHOKSy « 88 « H A H), PHREEQC CTHIEY
DIFR » BRI, BALRICES, A A &M, SR OBMR - Hrith7e & o B ok e i %
BRRHNZFHET 5D, HYDRUS-ID 2BV T, 1R EFOKRGBENLY F ¥ — XA, WEBENX
B, 7A3EicEs<, £, A XOROAER - WAKET NV EZMZT-, KHL
HCHEWIRSE - ERPTR - RO L, TNENEEET 5, REMIITOWVTIE, A
IR BN — RIS & U CTIREM A A~ AR DRFE, EHERFE, IRETCRITOMIND
ERET D, IRFILRITEBIZ BILRFB~EBLS L, EOBILKIETE D IH S, -
ROB TS b D, BICIGIL, EHRICBWTERE., WA 4. ~ T8, 8
J . WilEA A bR FBDERAGESTTENL (Bh) 126V, HIZIE T &N D, EHRELTITD

B TR RSB S2F (Graduate School of Agriculture, Tokyo University of Agriculture & Technology)
IR KPR FERLES B RS R (The United Graduate School of Agricultural Sciences, Kagoshima
University)

AR (Mie University)

KOBH), WEBH)
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WTCIE, AEERD —ROMEIL & L TRAE
WA A~ AP OER, JEHEERITOM L.
TURSTICEBLEIND EIRET D, B
INETvE=TIET R =T LA FUIHE
BEL . RS CREREA A4 v~ T 5,

3. BTESEH

)Gl Ul BT —WoehBEDORAR 7 1T
HbH, &BEET0 cm &L, 0-22 cm Z/EH)E
(Ks=15 cm d) . 22-27 cm 2= (Ks=0. 05
em d'), 27-70 em Z F/E+(Ks=1 em d) & L
oo PIHISMHEE LCTELBICAKRTE - 55
Bz T, BERSRIEE. EERARORHEKTE 5
em & L7Z RKUEERSEME, Mo i FoRAL & A
EL—EESh=0 cm & L7z, FHEHAMIE 120
R E L7z, WEREKIT 228 U TR
WEAKIE S em ZHERF L, FEIWHEEIELE 6 18] (20,
30, 40, 50, 80, 90 HHM L4 7 HH) D%
KM ZRE LT,

VI - g
TSR ENE T V& O TSR O 5 S
UL AT I TIL R IREHE K & Biise U C R
B L0 9. SUDOHIKNENE LN, K
HMCIX EEo S mENIS S, BLECE
NOERH -T2 (K 2), BEILETENMNDOE
LD RENVES 2.5 cm & ”“kbbbébW%é
10 cm OEFEL Sy DFRERFEAL % 73 (K] 3),
é250mfi%$fﬁm%ﬁmmﬂ$#t%
IR L TS O AT, b AKE A ¥
Y OERPIE ST, RS 10 om TIXEESE
AR+ TR, HREKEED B R NWE
BB T DHRONE, 7208, A X DERE
BT 52 ERERTE T, BRI 10 em T
BWTIIHEAYI TN T HERET DM, i
MOBBENBIEET, BIENRENITR -
776

5. b YIC

K5 L OmALETTIREED

SRSk
HHWAE /N - B AR -
DET AL, HEEOWELME. 2025, No. 159, p. 33-57.
Chidthaisong, A., Cha-Un, N., Rossopa, B.,
K. (2018).

ZAb & Rl T & 72,

Buddaboon, C.,
Evaluating the effects of alternate wetting and drying (AWD) on methane and nitrous oxide
emissions from a paddy field in Thailand. Soil/ Science and Plant Nutrition, 64(1),
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KEDEBERBICEITABRMEBR EL LIZECH.EIRBEDE R
Relationship between Aerenchyma Development at Methane Dynamics under

Paddy Conditions in Rice Cultivars

OHEAN HEETF~ ZE B (L) AT
MIYAUCHI Aiko ADACHI Shunsuke NISHIWAKI Junko

1LIEFL®HIC

IR HLER IR IZ L S AT L TR 0 | B - HE - Z oo LHFI 5 OIREN R AT A
PEHIE, 2019 AF O HEFURE IR T A HEH B D 22%% 5 % (IPCC, 2023), S 52, H
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Evaluation of the Effects of PV Panels on Soil Water and
Thermal Dynamics Using the Revised HYDRUS Model
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Direct observation on deposition and clogging of Leonardite humic acid using porous

microfluidics
OF HmE* 7NN A NN E R
WANG Sitong SUGIMOTO Takuya KOBAYASHI Motoyoshi

1. Introduction

Humic acid, a major component of natural organic matter, is widely present in natural water and
groundwater systems. Its accumulation within porous media can cause severe clogging, reducing
hydraulic conductivity and threatening long-term system performance. In this study, porous
microfluidic devices were used to investigate the deposition and clogging behavior of Leonardite humic
acid (LHA) under varying pH and ionic conditions. Deposition on pore walls and progressive clogging
development were directly observed through transparent microfluidic channels, while pressure drop
across the porous network was continuously monitored to quantify clogging extent. We show how
deposit development is linked to pressure drop increase and hydraulic conductivity reduction.2.
2.Materials and Methods

Materials. Leonardite humic acid (LHA) was used as the model natural organic matter in all
experiments. Stock solutions were prepared by dissolving LHA powder in deionized water to a
concentration of 10 mg/L. The solution pH was adjusted to desired values using KOH and HCI solution.
Calcium chloride dihydrate (CaClz-2H20) was added at a concentration of 60 mM to control the ionic
concentration and provide divalent cation conditions representative of natural groundwater chemistry.

Microfluidic Device. Porous microfluidic devices were fabricated to mimic the pore structure of
natural porous media. The height is ~100 pm the width is 0.5 cm, the length is 5 cm. Csylindrical grains
are randomly distributed within a rectangular region and have a size distribution the mean grain
diameter of 120 um in a power law.

Experimental Procedure.
LHA solution was injected
into the microfluidic device

R =G|\ RN
at 30 uL/min using a syringe Porous microfluidics BF,lmage/
pump. Experiments were Figure 1. Schematic of experimental setup for visualizing deposmon in a microchannel

performed under varying pH, ionic strength, and ionic species conditions to assess their effects on LHA
deposition behavior, with each condition maintained until observable clogging developed.
Measurements and Analysis. Deposition on pore walls was observed at regular time intervals using

an optical microscope. Pressure drop across the porous network was monitored in real time via
differential pressure sensors at the device inlet and outlet. Hydraulic conductivity k was derived from
the measured pressure drop using Darcy's law:

__ el

~ A-AP/(pg)

* PP KPR FBE B TAF MA@ #37P¢  (Graduate School of Science and Technology, University of Tsukuba)
PR AEMmERSER  (Institute of Life and Environmental Sciences, University of Tsukuba)
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where Q is the volumetric flow rate, L is the length of the porous medium, 4 is the cross-sectional
area, and AP is the measured differential pressure. Changes in k over time were used to quantify the
degree of clogging and its temporal development.
3.Results and discussions

Microscopic Observation of Humic Acid Deposition. Microscopic imaging revealed progressive
LHA deposition within the porous network. Fig. 1 shows the initial state, with clean pillar boundaries
and fully open pore spaces. After sustained LHA flow (Fig. 2), dark deposits accumulated
heterogeneously, with preferential deposition at pore throats and grain contact zones. The presence of
60 mM CaCl: likely promoted deposition, as divalent Ca** ions compress the electrical double layer of
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Figure 2. Microscopic observations of the porous medium (a) before and (b) after LHA injection. (c) The

progressive decrease of hydraulic conductivity due to LHA deposition.

LHA and form Ca?*-bridging complexes with negatively charged grain surfaces, lowering the
attachment energy barrier and facilitating irreversible deposition.

Evolution of Hydraulic Conductivity. The temporal evolution of hydraulic conductivity %,
normalized to its initial value ko = 1, is presented in Fig. 2. (c)continuous and monotonic decline in ( k)
is observed over the entire experimental duration from 1000 s to 7000 s.As the experiment progresses,
the rate of decrease slows, suggesting that accessible deposition sites become progressively saturated
and that the remaining open pore throats offer greater hydraulic resistance to further clogging.

4. Conclusions and Future works

We found the points below:

1. Divalent Ca®" ions played a critical role in promoting LHA deposition by compressing the
electrical double layer and forming Ca>" complexes between humic acid macromolecules and
negatively charged grain surfaces, thereby facilitating irreversible attachment.

2. Hydraulic conductivity declined monotonically over the entire experimental duration, a rapid
initial decrease driven by the occupation of primary flow pathways, followed by a progressively
slowing rate as accessible deposition sites became saturated.

Future works. Systematic investigation of solution chemistry effects. Future experiments with image
analysis should explore a wider range of pH values and ionic strengths to establish a comprehensive
understanding of how solution chemistry governs LHA deposition kinetics and clogging severity.
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Global Detection and Characterization of Flash Droughts Using the
Standardized Soil Moisture Index (SSI) in ISIMIP3b Daily Simulations
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1. Introduction

Well into the 21°° century, drought remains one of the costliest disasters,
causing significant economic, environmental, and social impacts all over the world
) Recent studies have flagged flash droughts, a fast-developing drought subtype,
occurring in a matter of days to weeks, hence leaving little time for response or
" as a research priority . While flash droughts are gradually getting
more scientific attention, they remain underrepresented in global-scale analysis

mitigation

We address this research gap by leveraging daily simulations of soil moisture
from multiple hydrological models operated under a common ISMIP3b protocol. After
harmonizing soil moisture to a 1 m across all models, we derive Standardized Soil
Moisture Index (SSI) and analyze the occurrences and characteristics of global drought
and flash drought events across multiple future climate scenarios.
2.Materials and Methods

In this preliminary analysis, we use outputs from the HO8 global hydrological
model . Following the ISIMIP3b protocol, simulated daily soil moisture are available
at 0.5° spatial resolution (approximately 55 km) for five independent bias—adjusted
climate models: GFDL-ESM4, IPSL-CM6A-LR, MPI-ESM1-2-HR, MRI-ESM2-0, and UKESM1-0-LL.
Two simulation periods are considered: a historical baseline (1951-2014) and a future
period (2015-2100). For future projections, we analyze two emissions pathways: the
medium—high forcing scenario SSP3-7.0 and the high forcing scenario SSP5-8.5. Drought
characteristics are evaluated for two future windows: mid-century (2041-2070) and
late—century (2071-2100).

To enable consistent comparison of SSI characteristics across regions and among
hydrological models, soil moisture was normalized to an effective 1 m. The
Standardized Soil Moisture Index (SSI) was then calculated from daily normalized soil
moisture. For each calendar month, values were pooled across years, and a non-—

parametric cumulative distribution was estimated using the Gringorten plotting
i—0.44
n+0.12’
subsequently obtained by transforming these probabilities to the standard normal

space: SSI = @ ' (p).

Flash droughts were identified using a daily detection algorithm. Drought onset
was defined when SSI fell below —-1.0, while flash drought onset occurred when SSI
declined to —1.5 within 30 days. Recovery was defined when SSI subsequently exceeded

position: p(x;) = where 7 is the rank and n is the sample size. SSI values were

—0.5. For each detected event, six characteristics were extracted: onset speed,
intensification rate, peak intensity, severity, duration, and antecedent moisture.
Across 67,420 land grid cells, the primary diagnostic metric was the flash ratio,
defined as the proportion of flash drought events relative to all drought events:

. n
FlashRatio = L=
Ntotal

* T K% Tokyo University of Agriculture and Technology s IEHFAM#I K5 East China Normal
University. Keywords: drought, soil moisture, ISIMIP3
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3.Results and Discussion

The global flash drought ratio increased consistently in all five HO8 models
from the reference period (70.49) to mid—century (0.54-0.62) and late—century (0.58-
0.70) under both scenarios. In comparison to SSP3-7.0, SSP5-8.5 consistently showed
larger ratios; with the divergence becoming more pronounced by late—century,
reflecting the stronger warming intensity driving faster soil moisture depletion. To
the best of our knowledge, no previous global demonstration of robust inter—model
consistency in flash drought intensification has been conducted based on daily SSI
from multi—-model hydrological simulations, but all five GCMs agreed on the directional
upward trend despite differences in climate sensitivity.

Mid-century (20412070}

4

Flash Hatio iflash craughts ¢ all droughtsh

Late-century (2071-2100)

Reference ickcantury Late century
11851-2014) (20412070 {2071-21001
Period

Fig 2: Ensemble distribution of flash drought ratio under reference period (1951-
2014), mid-century (2041-2070), and late-century (2071-2100) for SSP3-7.0 and
SSP5-8. 5 scenarios

Fig 1: Ensemble mean change in flash drought ratio under SSP3-7.0 and SSP5—
8.5 scenarios for mid— and late—century

Under both scenarios, the propensity for flash droughts rose spatially in all
eight locations that were analyzed. All five GCMs agreed on positive changes in the
mid- and late—century periods, with largest increases in flash ratio observed in
Europe, Central America, and South America. Additionally, North America demonstrated
a progressive increase, particularly under SSP5-8.5 in the late century. Africa and
South Asia showed smaller but consistently positive changes. The spatial pattern of
increases was more pronounced under SSP5-8.5 late—century than under SSP3-7.0,
highlighting the regional flash drought risk’s scenario dependency.

All five models confirm a progressive shift in flash drought characteristics
at the event level under future warming, with statistically significant differences
confirmed at each period transition. In both cases, intensification rates rise, which
is in line with previous studies finding that faster evapotranspiration under warming
causes faster soil moisture depletion ¥ suggesting that future flash droughts will
reach severe anomaly thresholds more rapidly.

4. Future Work

Future studies will focus on combining agricultural impact models with the
detected flash drought events to evaluate the implications of food security and crop
yield sensitivity. Regional vulnerability and the potential of early warning
indicators will also be explored in more detail.
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