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Optimization of Heavy-rain Control Timing: Efficiency Improvement of Least-Squares Monte Carlo
Method via Importance Sampling

OjiA K - FEIE—Ek
ODai Araki, Kazuyoshi Nishijima

Extreme rainfall events have been intensified under climate change, increasing the need for effective mitigation
strategies. Cloud seeding has been proposed as a possible method for heavy-rain control. However, its effectiveness
depends on uncertain atmospheric conditions, making the timing of intervention a key challenge. This study
formulates heavy-rain control as a real-time decision-making problem and applies a Least-Squares Monte Carlo
(LSM) approach. To improve computational efficiency in evaluating rare events, an importance sampling technique
is incorporated. A simplified cloud-seeding case study shows that the proposed method achieves comparable
accuracy with less than one-tenth of the simulation trials required by conventional LSM, demonstrating its potential

for efficient real-time decision support (109 words).

1. Froic

WA, HUBRIRBRAE D522 L 0 54 i C Rl
BB ORAEMEER LOBRENHML T\ d 2 &
WEENTWAW, 20 k) RRBELEEICK LT,
TEROBLIEIIRITMZ . [BRBGE Db O % il i
THEMA~DRELAEE > TWBER, flzE, =
AP GV As ot Ci TN <V STV N0 7 2
H25070 Rv—FT 4 I7REFonH0, 2
DOFFIANg, BEilEEZ B E LT IR
i e a3, ITETIIEMNAHIET S FEEE L
THbHiffEh s, —FT, 77U Rv—7 4
VN K DRI KRR DIRRE D AHle NN AR AT
572D WD Ty—F 4 T BRI NE D
EWVWHBFTE XA IV T DORINNEE L 2D, 5
RHIEC BT 2 BRI EE L, Mix Xl e L BT
LHERBEEMOL & AFRRERBIMT — % & Tl
IZEEDSWTY TILZ A MHWT 05BN D 5,
KR TIE, 777 Rv—T 4TI L D5M
A2 Y T E A AEERERE S 2, AR
ERBEA R 20T LT XL 5BR%RT 5,
2. V7nzA rERIGEMEO ek
ZREEOY 7T AX A AEERERETIE, B
FEMR T O TEN S B2 I ORI R I B A 5. 2
%, Fiz, BUERZNZEBT 2B EREIX, fFREF
RCEBIRTX 2TEN A E 2 THIlr+2 X% Th
%, SO Y TV A NEBPEREITLLT
ORI T R BV THIERZt = 0
IR DR TE A RO D Z L ICHYS T 51,

%%fE[U(X; a)le](t=0,1,..,T) (1)

XIIARMEERERFRERTHERLER, UW)IZEW
BAEL, A TREZ I IR ER DI T E 21TEIOD
HBE. e IRFZtE TICBIAITHE O N IEH. TIX
BEREE PTEN 2 BRI TX D REFZITH b,
E O 72O (1) TR R DOERTL AW LT,
3. BETHT LAY XLDOEERLL,

(1) TRk SN 5 BIFHE D e KAV & 7 T
BMARTHT AV I F 7T a » OfEHEEIC
%f L. Longstaff and Schwartz™ |Ifz/N " 3E
V7 Aiva i (Least-Squares Monte Carlo; LSM)
EREE LT, LM XA RERNC 381 2 Mkl 23 %
DR DG FEMBEIZ DOIMEAFT D EREL, T
ThANEY I ab—ya AL AERRENT-EE
i DR RINEAL D SRR % FAWT, Fe/h ZFIEIC
X kG2 BR 5 &) FETH D, T A
Uy A7 a o OMMEHEERE CILE R ES
DITENTE PEMRE DI R L 5 2 720, 5
il 0 0D . FEL R T TR TR IR EH DA TEN DN 5%
ORFEAERICEE AL 52 5, 2 OMHER Z
F ., HHO OB TIX LM # 3 L LT
R TEN A BT 2703 RAERE LT,

LU, @EOFET b a i (Crude Monte
Carlo; CMC) & IV 7= LSM T, FeEsRAIC A /D 7k
NHERREFFICH TV 752 L
AR BE 72 W HE B | IR R A S T s e B &
ROLEVWOIBER DD, TAV A AT 3D



A HEERIEIC BN TS LSMICE S 7Y v 7
(Importance Sampling; IS)#iE AT 5 Z & Tift
Bohnm BT s Z ARG I Th AT, AR
BT HHESREZ M ESEDLZEEEE LT,
FEHE D OB CRE LT AT XAIZIS
BEANT 5, ARWFFETIX LM &Mz, IS I2H
JARBENAERTET D120, JTTOMERSAIAE
FEUTHANBY I 2 b— g VEERNCETT
5o ZOHFERDOY I 2 L—3 g VOFERICHE - T,
PRI & BT DX T A —H 0% Sk IME
ERICL0HEET D, FRIOVIaL—va D
ARITEE O, 0IEm D FEGER AR L
TN A S L7 E S & T S A, LS BT
2 WIRHIEHEE O3 EsirF S b,

4. Fr—RARAHT (T X DRGE

BE TN FEDORENELRFET D720, 7
T R—F 4 7 LD ERNHE OB B ER
MWL LT — AR BT /R EL. OMC &
FAWTZ LSM & 1S Z3EA L7z LSM & O %17 5,
AT —AALT 4 TIHEMZ | DOWETRIL,
MEE R L ORI THR I kot i Dx, yFEREDS 0 LA
FOLTOEBEOK TS EE2BEITS, K1 A
ER L OFATH O IR RBS L OMEEDOLE
Y, METHEARE S &2 1 SBROK I
Fr, FOBEBMERIIR 1 PRIRTED Th D,
P11 A IS THWDIRES MM Z R T, 0¥, WE
DOBENVIE DR Ox, yEFEDO T 0h -1 LUF
F72F 10 YL EOGE  AEICNENEBRT 25 0
ET5, £, MEBNMEEO Ex@im L7=HE1C
WENBET LI LD LTS, BEEREFIHMEED
B RICTRITHE 2 BB S B 5 Z LN T, RITHE
INFHE &R UAS T mUZBIE T 5 & 2 HAZRFR] 41
REMHEBRT 200 LT 5, 2L, RATHITE
MBI S T~ oy X BN 2 2 DR& TR
~BETAZENTELLDOE L, RITHRZ AL
TR EITERELEZOEFELRANED LT 5,
MEIZ LD EEOHEL LOTRITHEZ TRIZT 2 A
FNeZnEhn-1,-0.1 & L, 2RO DOEFMEFERC
LD, BEREE OB, FERCOMRHE 2 &
KALT 5 X 9 RBUEREZ e = 01281 i 7217
BEARETHIEThD, LIMIZHW S EYFEUL,
B2t TONE DM Ex,, y, & B2t S TORsHRC
DIEC, ZFFER L T HMEERIFET VLT D,
X 212/ —ARET ¢ OFEMNTFE R 29, K
DRI T IEME 2 773, IS (AW TR0 D3
TA—=HOFHFEADOY I 2 L — 3 rORITEIEK

MIZIRTFE L CHEE S 41 M = 103,104, 10512%F L%
N#110.840,0.826,0.822 £ 72 > 7=, MDOEHINZLE
W, HIFHEHEEIC BT D s K056
DOAERSHERE S, IS Z3EA L7 LSM 1% OMC & Hrig
L T 10%LL T OFATEIE CIEME IR L7z,

o

9
SSRORSEE 008 . 0980
R 1 1

0.01 0.01

AAAAAAAAA S e -
......... | 0.9 | %]
& 0.01v .0.014

1 ......... . -

» HIEDEBS RENH
0 9 "x

1
B 1 WER LI OAITHE DO WIGRREE, (EE DN
BRUOWEDERMR L ISR HRESTN

N %1072 .

la —O—CMe

fxij L ‘&IS(M:N?) |
o 1S (M=10")
e st —A 15 (=10%) [
3

=0z

% Lz & & ofE RO MRHE -]
NG
|
|
|
|

HLERRA

10° 104 10° 108
LSMOFAT[EIHN [-]

B2 r—RAAZT 4 OFEHTRER

5. £&®

AAFFE CTITZE N GIIE 2 Bk L7 — A2 27
£ %38 U C LSMIZ 31 B 1S OF 22 MGk L7z,
Eilia

ABFFET JST —> vz v FAIRFIE R g F
JPMIMS2283-07 DXABEZEZ T - DT, Z ZICiL LTt
BERLET,
ZE 3R
[1] BREEA. IPCC 2 6 Wl E & & 2 (EEEmE MG &
BURDLER AT B4 B. 1. 2022. https://www. env. go. jp/e
arth/ipcc/6th/index. html. (2026/01/14 Z[f)
(2] WEF. &—r a3 v bEE8 12050 45 F TITiHEAL
LoD 5B ESE M Z il Lt EKE O F B O i
SN2 BRIt 2 FE8L . 2024 https://www8. cao
. go. jp/cstp/moonshot/sub8. html. (2026/01/14 ZHR)
(3] Melyst, gn ARG, VE LTS =], MRS —38. Skt R
MOEZ BAY & L7- Pinpoint Seeding DA M IC B+
LEAEERR. BRKEERT, 43, 2024, pp. 193-206.
(4] TFEUS—8K, 250K, ZEMHIENC 1 2 BBk ESHE v
AT LD, H AR LF535E, No. 182, 2025, pp. 30-36.
[5] Longstaff F, Schwartz E. Valuing American Options
by Simulation Simple Least Squares Approach. Review
of Financial Studies, 14, 2001, pp. 113-147.
[6] FiAJK, PEUE—8k. Least Squares Monte Carlo jEMDYL
B - ZEHIMENC B3 2 BER E R b~ AT 2%
2. AR LS BRIFEFE RS, 2025, pp. 79-80.
[7] Boire, Francois—Michel, American Option Pricing
with Importance Sampling, Journal of Risk and
Financial Management, Vol. 14, No. 8, 2021, pp. 1-21.
(8] REIEAN WNEEZE. £ T AL ENL R T v 2.
HAEIL. 2014



