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Abstract: Plain reservoirs in arid regions suffer from substantial non-beneficial evaporation losses. The use of efficient,
environmentally sound, and cost-effective physical covers to reduce open-water evaporation represents a critical pathway toward
sustainable water resource utilization. This study was carried out in Kunyu City, Hotan Prefecture, Xinjiang, using large
evaporation tanks with a diameter of 6 m. Three types of floating covers—homogeneous floating balls, bottom-weighted floating
balls, and hexagonal diamond-shaped floating bodies—were deployed to achieve full surface coverage, with an uncovered tank
serving as the control. Long-term continuous monitoring was conducted to systematically evaluate the evaporation suppression

performance of each cover type under complex meteorological conditions and to assess their influence on the aquatic environment.
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The results indicate that: (1) open-water evaporation showed pronounced seasonal variation, and the suppression effect of the
covers was interactively influenced by multiple meteorological drivers; (2) the structural configuration of the covering units
significantly affected water conservation efficiency. The hexagonal diamond-shaped floats attained an average evaporation
suppression rate of 75.2% at a coverage ratio of 83%; under a coverage of 86%, the bottom-weighted floating balls achieved a
suppression rate of 70.2%, outperforming the homogeneous floating balls (66.7%); (3) water quality analysis demonstrated that
the floating ball covers did not induce secondary pollution, with all measured parameters complying with agricultural irrigation
standards; the long-term ecological implications of the hexagonal floats warrant further investigation; (4) when meeting target
evaporation suppression criteria, the homogeneous floating ball cover exhibited superior economic feasibility and cost—benefit
performance. Different physical cover types vary in their water-saving effectiveness; therefore, engineering practice should
involve multi-criteria trade-offs considering suppression efficiency, economic cost, and ecological safety. This study provides a
theoretical foundation and empirical data to support the selection of evaporation mitigation technologies and enhanced water
resources management for plain reservoirs in arid zones.
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Fig.1 Overview of the experimental site location:The left map is based on the Standard Map of China [Approval No.: GS(2024) 0650];
the right image is sourced from Four-Dimensional Earth [GS(2024)2646], with an imaging date of August 21, 2025
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Fig. 2 Layout of the test site:a. Homogeneous floating ball coverage; b. Weighted floating ball coverage; c. Hexagonal diamond-shaped
floating body coverage; d. Uncovered blank water surface; e. Ziguang Hongyuan environmental observation meteorological station
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Fig. 3 Detailed appearance diagrams of various coverings: a. Homogeneous floating balls; b. Weighted floating balls; c. Hexagonal

diamond-shaped floating bodies; d. Schematic diagram of the counterweight position on floating balls
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Tab.1 Monthly Evaporation Capacity and Evaporation Inhibition Rate

AN 7 5 8T N ) AR A

o REVE K R0 2R (mm) o
D ypmn mamk AwEk 2an DEER LR SRR
2023-9 79.5 68.9 / 228.9 65.3% 69.9% /
2023-10 54.9 47.8 / 167.1 67.1% 71.4% /
2023-11 35.5 29.3 / 108.8 67.4% 73.1% /
2023-12 17.4 15.4 / 57.3 69.6% 73.1% /
2024-1 5.0 4.5 / 17.2 70.9% 73.8% /
2024-2 4.2 3.7 / 14.6 71.2% 74.7% /
2024-3 41.7 36.6 / 128.7 67.6% 71.6% /
2024-4 66.1 59.3 47.1 199.8 66.9% 70.3% 76.4%
2024-5 109.9 98.5 74.2 308.4 64.4% 68.1% 75.9%
2025-6 115.8 107.6 80.2 3175 63.5% 66.1% 74.7%
2024-7 124.6 117.0 88 350.3 64.4% 66.6% 74.9%
2024-8 95.6 89.7 68.2 270.2 64.6% 66.8% 74.8%
2024-9 74.1 69.4 53.2 209.2 64.6% 66.8% 74.6%
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Fig. 4 Comparison of water surface evaporation capacity and evaporation inhibition rate among different groups during the test period:

a. Water surface evaporation capacity; b. Water surface evaporation inhibition rate
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Fig. 5 Monthly meteorological data during the field test: a. Atmospheric temperature; b. Atmospheric humidity; c. Wind speed
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Tab.2 Water Quality Test Results
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Fig. 6 Surface conditions of coverings under long-term operation: a. Green algae found in blank areas; b. Calcification on the surface of

floating balls used for 9 years; c. A large amount of sand and dust accumulation at the contact points of the side walls of hexagonal
floating bodies.
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Tab.3 Initial Investment in Floating Body Paving per Unit Area

AR AL IR AN/ SAR/G
) IREEEN 115.9 0.80 92.72
Jic 2 R 115.9 0.86 99.67
PN A BT AR 7.6 47.00 357.20

FT 2023 48 9 FZ 2024 4 8 A SHi4EA LB 2168.8 mm, 45410 11 18] &7 76 b4 P X 28 2 0k
AL, AEFARTE 55 5 AF T, =R IR L A AE AT K R AL 143.3x10°m? . 150.8% 10*m*>Fll 182.1x10%m?,
ARG E R E R 30 47, FREIINA R A e 4 A, HaidT /KK ke 2192.1 Ji ot 2307.1
JiTuHN 2785.9 JiTts

PR, SBEER . BRSSO TR AR RN ETUSC LG 230 25.25% 24.73% 11 8.34%. A
GVEM BT, BRI ERAE ST T ONRAE R . BT S B AR R R A R R B ), H AT IEEAT
ERAL, TR B S AR AR T FRAR 50% L L, {H % R A B i 75 ik — B IRAIE
3.4 MRLEFEIY

Bi7E KB & TAEMIEM 5B, RAE TREKH BT RAZ KM Rt Epe
A3 T THT NI 2 SR P i 5 B TR 26 AR I Y AN AKOR L 3R R K S AT CL A L 4R R T B G e
HETE ol f G R AN SRR I0AE 5] AT R,

B SevE EATRIA B BRI A, I i AR T2 R RE S o A SO A o I B L T AR o 7 7
BRI = MR IR, B SR BRSNS DU s B R i P58 ) S G M BB HR R
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(1) FAREE R 5 T MK 28 RIS FR B AN BCR BRI BE =T ER . DRGSR
RESHE, 1£ 86%MRHMBEHERT, WIVFER S EFERI T 2 R M 25519 66.7%F1 70.2%. #H
b2 T, ASWRETHENFAATE 83%MBRER R T, LT 75.2%% Sz KM, RILT B F IR

(2) IR, ANHREA B AR SEE SE BOR MR TR KR L BEMR AR« SR K PR R S e 7K 5
M2 EM . SRR R, 2R DK, NI AT R AR (s i , AR
FEAR AW VD 5 2K B I ARV Sl n, Sk R IAR . KHAZE 36 T KRkl HOCEEE 45 3Y
FOE A FANM BB K B bR, X AR KR TRE A B R HE . S St 7 28 B A B 22 R A5

(3) FEAFRKMA I LS 5 g gemids, R THELES THNBNT, &7 ZH#T
LU BN, WIPFER BCEFEER RSO BUF A RS EE B 3 R 25.25%. 24.73%F
8.34%;

(4 NEGRE R TTH R, BRI SR N1 R AR S5 M AE ST K ORI & B il - 7 1 &% R AR 3. 5k
PR CARvh BIARYE 7 BT R . BB SR A A S5k P 5@ I 7 77 58, DASEII/K B T R85
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