ANAESBER/EX KA RETRRNE M A— AT R ESBE A6

MR 12, KPR 12, TR 12, YL, RIS, TMAKE 127

L. BHE B AR SR BEIE T PO DGR S I T A S 2 4 A RS =, JE T 100085

2. HEREABER, JERT 100049

3R EE R EAESBEE AL, FrE 250014

WEE: Sl LKA B R — A ORI S B R TR o X K i R B . R, AFAESEBE
i it 0 ML K5 AR I 2 S AL A 1R AN . AT FE LA SR X OB, AEASFZKHEREE 734 49 A /K5
MU 21 TUERAGAR AR, FEE T KUK G485 (WQD PFME R, R LASSO [BI AR i i S5 /K o i
b, JRGEE R T T7 Z M AAR e R E0%,  ARHT AN IR AR A A8 5 A0S XA ot A I 25 B mi A S HE 3242
To GIRERY: OVKWIKBRZE, FKWKBRME, A4 I L. NSRRI, X5
ARG B R RN E K IR REAE & DDA 5 @B (TP) B4 (TND « T H AT A& (BODs)
ANEFEFET, WQI-LASSO AR ARG R M (R2=0.99) , Hri TP (MAUEBIER 4 BRI T4
X 3dE N @Rk 2h 184 (CODMn) A& A (NHa-ND SZ/K SCHISZ R EEK, 11 F H A4 75 A & (BODs)
b5 5 & (COD) MMEE TARH it B N BUR, [ th A HLI5 JR B 1A 20k @8 MEE Ho,
AR AR ORI BT K AR SE I B 2 0 T HABFRTT (CV<2%vs &3P CV=6.3%) , HAGENE
BIREEMEE o 4.8 %, UESEAEAE s KGRI S . BT TTas ROVIT 5L XK TS 44bhia
MUK R G & B T HE S, Rpilie N2 K SO 22 A0 1 SRms i) 8 S it 7 B RS .

RKein]: KL AIREG KPR E I E S B R 2 /K LASSO [al1H

NEHT: TEDES: CRIFRE:

Effects of different ecological restoration measures on seasonal variability of water quality: A case study of
Yimeng Mountain Restoration
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Abstract: Integrated “mountains—rivers—forests—farmland—lakes—grasslands™ protection and restoration projects
play a critical role in improving regional surface water quality. However, the spatiotemporal mechanisms through
which different ecological restoration measures influence surface water quality remain insufficiently understood.
Taking the Yimeng Mountains region as a case study, we sampled and assessed 21 physico-chemical water quality
indicators at 49 sites across distinct hydrological periods. On this basis, we developed the regional Water Quality
Index (WQI) evaluation framework, using a least absolute shrinkage and selection operator (LASSO) regression
model to identify key water quality variables, and combined two-way analysis of variance and the coefficient of
variation method to elucidate the spatiotemporal effects and dominant controls of different ecological restoration
projects on regional water quality. The results show that () water quality was poorest during the normal-flow
period and best during the high-flow period, with a spatial pattern characterized by a gradient from relatively good
conditions upstream to degraded conditions downstream. This pattern was closely related to pollutant accumulation
during the normal-flow period and dilution effects during high flows. @Total phosphorus (TP), total nitrogen (TN),
and 5-day biochemical oxygen demand (BODs) were the dominant controlling factors. The WQI-LASSO model
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exhibited high goodness of fit (R* = 0.99), and adjusting the weight of TP to 4 substantially enhanced the regional
applicability of the model. 3 Permanganate index (CODMn) and ammonia nitrogen (NHs-N) were strongly
influenced by hydrological period, whereas BODs and chemical oxygen demand (COD) were more sensitive to
restoration measures.Those indicated the effectiveness of organic pollution control interventions.® Among the
eight restoration units, the forest quality improvement and water-source protection units showed markedly higher
water-quality stability than the other units (coefticient of variation, CV < 2% vs. regional mean CV = 6.3%), and
their ecological buffering capacity index was 4.8 times higher than that of the mining restoration unit, demonstrating
the advantage of vegetation cover in regulating hydrological fluctuations. These findings provide an important
reference for water pollution control and integrated water-quality management in the Yimeng Mountains,
particularly by offering quantitative evidence to support differentiated management strategies across multiple
hydrological periods.

Keywords: water quality index; water quality stability; ecological restoration; multiple hydrological periods;
LASSO regression
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HTREENRGEM o7 ey, HIB A SER ARG B, ORI A X SEBLK
J5R B SR 0 M A4 &S (Hilton etal., 2006 ; Guoetal., 2018 ; Huangeral, 2021) . #R1f, BAWRLE
R TR SR R ROR (S R5%, 20250 5 X Rl XA [ S 5 e AE K ST AR 2 K 5 i 2 AL
HlE=Z RGINFN (HUESEEE, 2025) o Rl ir 52 LR R A A HURIX, w5 3t S5 I 32 19 PR /K SCRFAE I
"TREFE KR RON TAS AR (T %0758, 20225 BRESE, 2025) .
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(Girietal., 2016) ; —EH MG mAERKT S H A AN M @AL BN E (Lumbezal., 2011) 5
IR VEG 2 RS K SO AN TR KR HI RN, (Pan et al., 2016) o XU LA RIZ A SSBE R
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RS, 2024) , ONJETEZ BRI A K B0 e SR SR B .
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5 OMEEHE R STHRE L X IR WQI TN A R s @B AL FME B I0x 7K BTN 25 B I 9 52 ;. R
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2 FARXMERERFER T (Study area and sampling design)
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B 1 BFRKKBERER (a) SHRBEBTEM (b KIREFESBRE X, cKLRIFESBEX dKZLEK
AEFBEX)
Fig.1 Spatial distribution ofwater quality sampling sites (a) and remediation projects in the study
area(b~d)
3 #MB577¥: (Materials and methods)
3.1 KRR
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Table 1 Water Sample Analysis Report
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R 1 ¥ B 2 WQI SR 1 G HEIR T o ARAE AT AW S (Seneretal., 2017; KK %S, 2021; H#%E,
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R 2 25 WQIHHE KB EIF AN E SR E
Table 2 Relative weights and standardized values of parameters in WQI computation
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fabw L2 &
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AR IR £ 5 £ (CODMN) mg-L! 3 2 4 6 10 15
b2 75 5 &(COD) mg-L! 3 10 30 50 80 150
A=) S & (BODs) mg-L! 3 3 3 4 6 10
A (NH;-N) mg-L! 4 0.05 0.2 0.4 0.75 1.25
S (TP) mg-L! 4 0.02 0.1 0.2 0.3 0.4
SE(TN) mg-L’! 2 0.2 0.5 1 1.5 2
FAE (0iD mg-L’! 2 0.02 0.08 0.3 1.0 3.0
IoF) 12—~ 2 T it M )
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Fig.2 Ranking of standardized coefficients () in LASSO [ElJ3 regression model for water quality
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Fig.3 Spatiotemporal distribution of WQI across hydrological periods(a. dry season, b.normal

season, c.wet season)
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Fig.4 The performance and coefficient of variation CV of the eight ecological restoration units during
the three-month water quality index (WQI) period
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Fig.5 Pearson correlation analysis between key water quality parameters and WQI ( a.overall, b. dry

season, ¢. normal season, d. wet season)
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Table 3 The results of the two-factor variance analysis

LAY B RIC F Gt K F 4iit 1 SZHAEH F it il

CODMn 1.99 10.43"* 1.11
COD 3.36™ 6.43" 1.18
BODs 412" 1.04 1.32

NH;-N 1.53 5.95™ 1.21
TP 1.15 291 0.66

TN 247 6.19™ 1.35




Cu 1.15 937" 1.01
Zn 5.81° 1.28 2.18*
FE: p<0.001%%%, p<0.01**, p<0.05*.
5 ¥ (Discussion)
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6 %518 (Conclusions)
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