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Abstract

Using the precipitation observation data from 50 stations in the Nam Ou River basin in Laos from
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2019 to 2023, the spatial and temporal variation characteristics of precipitation in the basin were
analyzed. The results showed that: (1) The annual average precipitation in the Nam Ou River basin
is 1252.7 mm, with a distribution of more precipitation in the north and less in the south, and the
annual precipitation is mainly concentrated in summer; The annual average precipitation of the
first to seventh-level basins is bimodal, with two peaks for the third-level and seventh-level basins,
with the seventh-level basin having a higher precipitation than the other basins. (2) In the rainy
season, the average number of rainstorm days is higher in the eastern basin and lower in the west-
ern basin. The valley area of the secondary basin has the highest number of rainstorm days. (3) The
number of stations with short-term heavy precipitation during rainstorms in the basin accounted
for 57.1% of the total number of rainstorms. The number of rainstorm stations with short-term
heavy rainfall in the basin is the highest in August and the lowest in October. (4) In the northern
part of the first-level basin, the southern part of the second-, third-, and fourth-level basins, and the
eastern part of the fifth- and seventh-level basins, the proportion of short-term heavy precipitation
in rainstorm days at each station during the rainy season is over 80%. (5) The number of accumu-
lated rainstorm stations in the basin with an altitude of 500 < H < 1000 m is the largest, while the
number of accumulated rainstorm stations in the area with an altitude of 500 < H < 1000 m is the
smallest, but the proportion of rainstorm stations with short-term heavy precipitation to the total
number of rainstorm stations is the largest.
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ZR R T IR AV e R R B e K— i, IR T B 2 BT R 5 2 00 AR IR 0 5%
ik —77, ATTEEASZRLACER, WA EIbR . SRS 25,634 km?, K 475 km, MEkZIL
575 2215 1000 m, LSRR, BRI S A0 AN, ITE KA R KR AR [1]-[3]. Zhd R R
I ZOK I K, ARG IR lR ) 57 IR 2 A G EOU I B 1, il R
MUZ R 1272 MW, #5248 2023 4F 6 H,  FERKIT/K FLs FE A8 o5 2248 2w 4 [ FL i 30% LA 1-[2]-[6]

B 7K SR IALAR I ) B SRR, PRI N P CREAGE () 2 AT AN A mT DA Bh T A dnt A v 7, i Re
FEB AR BEFK PR B . 17 22 2530 0] B 9 AN [R)IAU I B K BT A ARFAE EAT T RIS o I3 IE S5 T PE VIR
1, 1970~2017 4% H MK s, R 1T, Mann-Kendall #3k 560 . /MBS B4 7 VL0 b7 1 ek %
I A AR R [7]. 4R AT AR G VDT 2011~2022 4E 0T BHE 4, WFAR 3 /N IR P& 7K B 4% A8 Ak AR AE
BT AT, SRS 10 FSERRECRAE LU, 3R B ACRRIE X B /K U B A0 R 4 — 8 [ R A A EL[8] -
W A0 L T 2001~2020 4E 1) GPM-IMERG P23, WKW AR THE. . HRERN %
AT, R BN BB RV AT IR I8 P 977 148 T 34 7 08 FRATL 38 A X AT R R AR o b7, T 9 AR
A S A IR B IR K SR BB (9], ARHRMFSE R 1960~2000 4F &yl it PRI AN Kriging HfifE i, Xt
BRI K I 25 G5 8 S ARRHAEREAT 1 0 b, BIEFR4S S0 1 A s R K B AR B A
X 10]e TN AT I N % 832 1952~2011 3% 60 4R (1935 H FF/K BERE, 208 1 R i s 4K
PN )R 23 () 3 AR AE[11]
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2019~2023 £FZ 48 B RRVL IR 50 AR EESEE H o 3B/ I B K BERE,  SRA g8tk A2 [RS8 7575 T e
TR K BN S AR, 6 T BEAbK r st (2 ia 8 B 2 3

2. FERANTS %

PR i BRI 2R 70 A1 b i B O B L ( “ — BB 7%, MR E B RFF N — &2
), K DEM #lE £ ARCGIS10.8 /K S #frHh 73 -BAN s, RIUAI 7 X386, 5 it ek X fn —
ZBRRIEr X . FEKE TR 2019~2023 4F R RRTLTIER 50 A3k 1) B K S I B RE, 0t ST T
JR AR

T DRV Y RIS R o e K P s SR R FE o Bl RRvAE[12] (32 1)

Table 1. The definition of rainstorm standards and short-term heavy precipitation in the Nam Ou River basin
2 1. ERGLRE R iR E R 8K EiRE X

B 7 X
N 24 h [§/KE>50.0 mm
JELI B A 7K 1 h fE/KE>20.0 mm
Feubi i) T H £ 12 H B K gk 38 % A 14 1) A R 1)
FMBER TR P 3 3 7 T o 74 ) 3
AT RIS B B2 7K R 2 R 3 TRk 5 B B FRAR IS, [ IR EE LIS R A A P 2 W i

3. R o
3.1. ERGIMERERIESHT

311 (FEMEZESH

2019~2023 £F g BRILIUIAE-T- IR &AL 2 B (K 1), HIUE -BYsFE KR B E 2 T HR
B, =% DA BRI AR K EAE 1200 mm BLE, 5 eI KR 1 76.2%, BRI FEK
EATE 1500 mm A E, AR R K R Y 26.9%; AR F AR A L PG SR AR B K R £

3.1.2. FFEMEBETIFE

2019~2023 4 F FRYL IR I AE T 2 K B 1252.7 mm, 4E-F3 % /K & 78 1033.6 mm (2019a)~1451.1
mm (2022a) 2 [f]; 2019 4% 2022 /K& RIFER IS, 2022 FFKENR K, 2023 FFEKEXH
Bk (1] 2(a)) . 4Mifi8BORE, 2019~2023 4F % JdkAF 13 4K B AE 1102.4 mm (—%)~1379.9 mm (-t
)20, —HE BRI IR KRR, = IR B RO AN B, R LRI e
IKEBRE AR (E 2(0)).

3.1.3. p&KERBREIIFIE

R 2 LRI 3 1950, 2019~2023 4R FERRVLIEH 2R K By B (A, (B IX F 2L ER
7 ABOKERRMEETERE TN =50 Lok HBKER/MEEEEPELTR—%. g
A RV 3 H K BBy 8 A, 8 A &t P H k= KRB NHES Jv: B =40, Hd. —
Py ANH —H V%, 2019~2023 FZEMFKE HEFEKER 71.1%, 7K FEEFENZE, T
— AR M ZE R K AR T
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Figure 1. Distribution map of annual average precipitation in the Nam Ou River basin (unit: mm). Note: This map is based on
the standard map with the approval number GS(2023)2762 downloaded from the Ministry of Natural Resources Standard Base
Map Service website, and the base map has not been modified
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Figure 2. Trend chart of annual average precipitation in the Nam Ou River basin from 2019 to 2023: (a) by year; (b) by cascade
%] 2. 2019~2023 FEARGLIRISFFHPEKEHETEE: (a) REH; (b) REBER
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Table 2. Maximum and minimum monthly precipitation values in the Nam Ou River basin, as well as the months in which
they occur
2. ERCIREABKESRKE. R/MEUKFRER%

S ON ] Bo/ME
FIAE I (R) Htr(A) PEKE(mm)  FTEIRIR(R) Htr(A) FE7K & (mm)
2019 = 7 2666.0 —. 11 4.0
2020 + 8 4559.5 - = 1. 12 0
2021 +t 7 3812.0 = 12 6.0
2022 = 8 2883.0 - 12 405
2023 + 8 3736.0 - 1 0

Figure 3. Changes in monthly average precipitation in the Nam Ou River basin from 2019 to 2023
3.2019~2023 FRIRGLIRIE A FHpE K ETIL

3.2. FEARIMEEMEK DT

P BRI AL P g~ By R AEER, T SR Ay Z KU e R RO /K Y 2 KRR R 7
F 7 170 ) e N AN 2R e 7 [ ) R A B BRI IR IR [13], K EZHIIAE 5 AE 10 AZ A, 5§ A& 10
HOAMIZEA]e X R RLIRR RE Z= FR AT B 04, AT DU 2 2 iR ft 2%

3.2.1. MERMMEREMEKNZZE ST

M 2019~2023 4 RN 2= g R VLI I8 A sl 4~ 35 22 B9 H 20040 0] DUE H (5] 4()), FERRTL &3 2 i
HE A AN, itk mg ELIAT il A2 4P 1 R W0 H Bl 2 1k 0, WTIA 5.4 dias 7S Ziidsis s BRI 55 3l A
BN T S B B R, N 4.4 dla. PR HBUE 4.0d/a PLER) & EE 11.8%, 2.0~4.0
d/a i 5 N 66.4%, 0~2.0 dfa i) A b 21.8%. A\ 2019~2023 4 i 25 g WV Au ek 2% 3k 28 1R 1 o4 ) 38 Bk
i b 23 ) 43 T DA H (1] 4(b)) = DY Rt 38 e 30 22— i ol b 5 0 Je R e o 0 66 B 3 7K HE B0 B 43
B —ZmBAbEs, = = URMBEEE, F. BRI AR 240k 5N H A R R K Y o
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Figure 4. Distribution of annual average rainstorm days at each station in the Nam Ou River basin in the rainy season 2019-
2023 (a) and the proportion of short term heavy rainfall in rainstorm days (b). Note: This map is based on the standard map
with the approval number GS(2023)2762 downloaded from the Ministry of Natural Resources Standard Base Map Service
website, and the base map has not been modified

4.2019~2023 FFMZEERULRIE & U F PR B RS () KR T H hEAERK S (D). E: ZEETERE
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T 3 2 H R BRI A [R5 (H) DX 1) F1 258 s 0/l VORI S Pk 20 AT, 7T DA HY . 28.006 WL
3k (14 AN AETE 1000 < H < 1500 m ff[X 4k, SR MW 5K 185 K, P HBLRW 13.2 1K; 42.0%
BRI £1(21 AN) AR TE 500 < H<1000 m ¥ [X 38, Sit-F Mk 238 Kk, P35 IR 11.3 IK;
30.00% UL (15 A) 73 A A2 H <500m (1) IX 48, ZRiFZRjubk 181 ¥k, ~FIgaeul HIEW 12.1 k. =
AR DX TB) AT LI i B 7 11 5% 3 R o7 A 2 R 3 2K ) LU I 7 6006 LA b, 158 Y R IRV I Jo o it ) 30 2
9 BN 85 PF A B I 2R G036 T J A i B K, e g RV 480 4K 500 < H < 1000 m X (8] 22 1 5% B9 3 X i
%, 500 <H <1000 m ¥4 X 355 P (14 52 11 8 R OB/l (LR AT R A 5 oAe 7 190 28 R 3 2K o7 A 25 I oy Y () L
Bl K

3.2.2. RGN IEFEK RO E) 2L

S3HT 2019~2023 4 B RRLIL IS R 2= 28 ] 3l K A B Al H By AT (IR AT BAAS 0.’ Z=AL B 604 ik
RN PRI R 143.2 SRR o P BT8R WY 3 U IR 22 A4 2 2021 H2(175 5iK), b
A 2019 HE(129 3HiR), HAHZE 46 ShIK. M FERRYLIA ISR B 0 R B9 H AR A0 ] DR HE (EIRS), B b v
iRZMABR A8 H, &AMAGA 10 H.
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Table 3. Distribution of rainstorm stations, rainstorm stations and short-time heavy precipitation in different altitudes (H) in
the rainy season of the Nam Ou River basin from 2019 to 2023
7= 3.2019~2023 FEFRFRARUI RN, FWUERFEGIEREKETEGKRXIE(H)M S

G Eiimm  fepgm  POEME MR

Him BT gt v wgok ATORW BB R
1000 < H < 1500 14 14 185 13.2 117 63.2
500 < H<1000 21 21 238 11.3 151 63.4
H <500 15 15 181 12.1 143 79.0

N T SR BRYL R 2R R WY ] A T i K B AR AE s A SO AR Al 4eit T 2019~2023 AR A1 Ji I 5
IR G L. HE S(a)mT A, mE RRYLIEC YRR 82.2 Wik B N A LI SRR, RN
e H N SR A K RT3 VK o S R R VR PR LS 57.1%. 2021 4F f1 A i A R AR K AR B R b VK B 22 (105 35
IR), 2023 SEF1 A 50 I 55 A K PR 22 St UK o 8 25 R 30 Y ) LU A1) 55 13 (64.7%) ;- 2020 475 R B o P 7K 1) 2
RN L 5 L3 e/ (64 Sk, 47.8%). MIZEH A vl UG (1] 5(b)), FERRITIAIR 8 H £ & 5
B 7K 11 B I S B 2 (123 B59K), 10 H /b (24 36UR); H 10 H £ e A 5 B4 /K FrD 5 R 32 UK o 8 38 9 3 T
f) He A9 i 751(96.0%), 5 H #%/0(59.1%) .
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Figure 5. Annual variation (a) and monthly variation (b) of the proportion of rainstorm stations with short-term heavy rainfall
in the rainy season of the Southern European River Basin from 2019 to 2023

5. 2019~2023 FFEARULR SRS 4 AR A58 K H KRR E S EEF T (2) R B (D)

4. RIS

JE I b R BRY T4 2019~2023 4E /K B I S ARHE, 1328ILL T 458

(1) 2019~2023 4E B BRI LI A - BB /K B 1252.7 mm, £ P15 & /K B 7F 1033.6 mm (2019a)~1451.1
mm (2022a) 2 ]« MAFBREEHERE, mE R I 2 S A RO K =G s .

(2) 2019~2023 4RI WIT — F sk B - L F R BAE R K B2 DAL 2/ kass, Bk L, —Zinisks-tg
TSRS (K B o 1 . SR K B AE 1102.4 mm (—2%)~1379.9 mm (-LZ)z 8], —%H=E
LR FIRFT 18 PR K BN RUER, = sk M-t oA s i

(3) PABRYLIINARER H BRI , PRI FRHE, — ORI 4 X 2 2w H 3R 2 1,
TN HEIL 5.4 dla. WL I 604 ShKEW; THRENTH I 143.2 3HIREW .
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(4) PRI H 2 R NP R e 5 A 7K R 0 PR3 U 7 58 O EL S IR IR LB R 57.1% . AAIZEH 23 A 1]
A, mERRYLIIR 8 H A I SRR K RN ki %, 10 A /b,
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B 7K ) 7 U IAIAE 80% A 1 o = A3 X E] A A5 6 A 5 26 7 110 2% R 3l 2K o5 Ak 23 9l UK (1 LU A 357 60% LA -,
Horp e KTk 4 500 < H <1000 m X [i] B2 B i iR %2, 500 < H < 1000 m 34k X 35 P9 (1) 82 0 52 Y
Sl URER 2D, ALY R o AR 7 P 2 3 2K o e 8 R 3l YK P B 491 B

ARSCIEAN T 24 e BRI A KRR AE 2 BT FE 0 23 1, AF 90 R AT R T3 AT It sk B2 R 5
AAERAG . TARTN . IRAKSC S ISR T A B DA ST K . Bl R SRR R RS IR RIR N, R
— PG R A A S TRk, ZSIE] A ARSI T X U 2 Tl ek P /K B AR fh a4
[y — 504

EHEWHE

oS %R A0 R L TI(CXFZ2025Q011); =~ MA G REFERHEEH N VB ATRIEIK 119
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