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Abstract; Ecological water demand (EWD) is the basis for regionally ecological water control and environment restoration.
The Mara River Basin has a world famous ecosystem, and the vegetation EWD accounts for a large part of the total water
demand in the Basin. Based on the ERA5 meteorological data, leaf index data (LAI) data from 1980 to 2020, and HSWD
world soil data, we calculated the vegetation EWD temporal and spatial variation characteristics in the four seasons ( short
dry season, long rainy season, long dry season, and short rainy season) of Mara River Basin by using the Penman-Monteith
method. Then, three different machine learning methods of support vector machine (SVM ), random forest ( RF),
convolutional neural network ( CNN) and seven environmental factors ( temperature, precipitation, 10 m wind speed, LAI,
solar radiation, relative humidity and terrain) were used to establish regression models. Thus, the vegetation EWD in
different seasons from 2011 to 2020 was estimated by the machine learning regression models, and the estimation results

were compared with the results calculated by the Penman-Monteith method in the fitting degree of time change series and the
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similarity in the space. The results showed that the EWD of vegetation in the Mara River Basin showed fluctuating trends in
all seasons in the past 40 years. The vegetation EWD in different seasons from the most to the least was long rainy season,
long dry season, short rainy season, and short dry season, the EWD in the long rainy season was about 1.5 times of that in
the short dry season. The EWD in the upstream and downstream was larger than that in the midstream in all the seasons. LAI
was the largest positive influence factor and wind speed was the largest negative influence factor. In terms of the accuracy of
vegetation EWD estimation, RF performed the best, which mainly reflected in the minimum estimation error of the
maximum, mean and minimum values, and the highest fitting degree of time change series. In the space, the best
performance reflected in the most similar spatial distribution, and the smallest relative error. However, the estimation of
SVM was relatively the worst. RF was the most suitable method for estimating vegetation EWD in the Mara River Basin. In
this study, the three different machine learning methods were used to estimate the vegetation EWD in different seasons in

the Mara River Basin, and the results can provide technical reference for the EWD estimation.

Key Words: Mara River Basin; vegetation ecological water demand; support vector machine ( SVM); random forest

(RF) ; convolution neural network (CNN) ; estimation
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Fig.1 The location of Mara River Basin and soil type distribution
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F1 AETERMERMTIEAKS RE
Table 1 Soil moisture coefficients of different soil texture types

e & THRHZE KA S, /(mP/m?) HHEIERAKE ST /(m¥/m?)

Soil types Wilting soil water content Critical soil water content %

WAL Alfisols 0.3717 0.4550 0.6825
ALK A+ Volcanic ash soil 0.3317 0.439356 0.6063
AP+ Vertisol 0.3813 0.463422 0.6905
J At 1 Ashen-grey soil 0.3416 0.460146 0.5926
eI £ Prototype soil 0.3560 0.435576 0.6827
Bt FPE L Loose lithologic soil 0.3458 0.4134 0.7107
M+ Black soil 0.3838 0.4481 0.5602
K%+ Nitosol 0.3826 0.4641 0.6930
# 2+ Ranker 0.3393 0.4701 0.5715
K% + Planosol 0.3534 0.4290 0.6920
hALE Alluvial soil 0.3570 0.4363 0.6841

K, /N HOK S B R
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Fig.3 Spatial distribution of average vegetation ecological water demand in the Mara River Basin in different seasons from 1980 to 2020
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2% RF T 45 B s Bk, MG MR F , SVM S R AE e/ IME - 08 Al 3405 1 1 2748 352 22 43 1)
5 0.52% 2.64% 1.64% ;RF 5351 0.21% 1.13% .0.64% ; CNN 43514 0.26% .0.17% .0.73% ; SVM Y fhiE 2%
{Hi K, RF Y22 EH /. N5 2011—2020 FFL BB HEEE | RF AR LS 1980—2020 4192t
Pa A, SVM LG B2 BRI, RF A BS5 R R AF , SVM ez,

®2 HNREEFHEERES

Table 2 Importance score of environmental factors

BT W T Pz 2% FHIE R
Seasons Environmental factors SYM RE Neural network r
R kK 0.13 18.37 0.049 0.705( +)
Short dry season S 0.15 22.73 0.196 0.113(+)
A 0.20 23.71 0.040 0.500( -)
LAI 0.11 55.49 0.440 0.788(+)
pNLEE AR 0.14 10.99 0.086 0.206( +)
AHXR 0.14 20.90 0.133 0.121(+)
HhIE 0.13 21.37 0.055 0.146(-)
Kz Rk 0.13 17.97 0.088 0.701(+)
Long rainy season Sk 0.13 20.71 0.161 0.268(+)
Rk 0.13 24.91 0.126 0.175(-)
LAI 0.24 50.63 0.294 0.778(+)
pNCEE R 0.13 11.19 0.103 0.154(-)
AHXR 0.14 17.92 0.098 0.209( +)
Hi % 0.09 23.89 0.130 0.302(-)
KEE [k 0.10 20.08 0.067 0. 506( +)
Long dry season S 0.12 23.53 0.125 0.508 (+)
ARES 0.10 21.34 0.044 0.359 (-)
LAI 0.31 51.38 0.466 0.700 (+)
pNCEE R 0.10 15.04 0.031 0.290( +)
AT I HE 0.17 16.80 0.075 0.428 (+)
e 0.10 23.23 0.193 0.532 (-)
JETES 57/ 0.11 16.22 0.037 0.700( +)
Short rainy season e 0.14 15.59 0.122 0.269( +)
AR 0.19 28.64 0.127 0.806( -)
LAI 0.20 58.66 0.405 0.811(+)
K PR 5 0.10 10.40 0.127 0. 808(+)
AR 0.12 17.72 0.092 0.111 (+)
g 0.14 26.26 0.091 0.293 (-)

SVM . SZ 5 [ 5 ML Support Vector Machines ; RF; Fi/LZR A Random forest

K5 Bn T SRl 2011—2020 4R 8 F 2442 A7 7K 2 1) Penman-Monteith 718 {H 5 RF SVM ,CNN
SRPEEAR AT 2011—2020 AFAE GO AR S TR RS B A GO, =R RO 128 Bl o A s O 5 A =
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RF (/)25 [R5 45 R 5 1T 8 45 AR #2390 , A de /M 09 4o A DX 00 28 SR AR 22 30 K, A O RE A T
3.09% , AR A ST K E S XA SR A 2E R D R RS S B i S 7Kl
(1.5—2.0) x10" m® JEFEIRSEE, F#E(0.5—1.0) x 10" m® FIFIE D, K TR 28 00 50 P 380 A A w2k 8 K
(2.0—2.5)x10" m® AYIXIFAE A7 (1.5—2.0) x10"” m*, KREFFAKEHF(1.0—1.5)x10"” m’ WEEIR DKL,
HlliE e KA (0—5.0) x 10" m® Y IR KL | W BAEg ST K E N (1.0—1.5) x10" m® M7 L
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Fig.4 Estimation results of minimum, average and maximum vegetation ecological water demand in the Mara River Basin in different

seasons from 2011 to 2020
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