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Abstract: Phytoplankton chlorophyll-a (Chl-a) concentration is a key indicator for assessing water eutrophication status.
Conventional monitoring approaches face significant limitations: laboratory analyses are time-consuming and labor-intensive,
while in situ sensors are susceptible to biofouling, low accuracy, and high maintenance costs. Traditional satellite remote sensing

is also unsuitable for high-precision, real-time monitoring due to challenges such as atmospheric correction errors, technical
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complexity, and low temporal resolution. The emergence of hyperspectral proximal sensing technology offers a promising
alternative for improving Chl-a monitoring efficiency. In this study, we utilized a novel portable hyperspectral proximal sensing
device to collect 533 synchronized in situ Chl-a measurements across eight lakes, reservoirs, and rivers between 2021 and 2024.
We developed and compared high-accuracy Chl-a inversion models using both linear regression and machine learning methods.
Among the evaluated algorithms—Ilinear regression, Random Forest (RF), Extreme Gradient Boosting (XGBoost), and Support
Vector Machine (SVM)—the XGBoost-based model exhibited the best performance (R? = 0.87, RMSE = 6.02 ng/L, MAE = 3.98
ng/L). This approach enables simultaneous spectral acquisition and Chl-a estimation, streamlining field monitoring workflows,
lowering technical barriers, and significantly improving operational efficiency.
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Table 1 Statistics for in situ water samplings in different inland water during 2022-2024
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Fig.1 Instrument structure and practical operation schematic diagram
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Fig.2 Comparison of the measured hyperspectra of the ASD geophysical spectrometer and the portable proximal monitoring
equipment (a, b) and the fitted plot (c) (Curves with the same color in (a) and (b) represent spectral data from the same water surface
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FEARM N BUR I B B 3. 45 5RRWT, B o B i=AE 707 nm, 4 0.47 (p<0.05) , HKH 708 nm,
r{HN 0.469 (p<0.05) o [X 675nm 4t Chl-a B IE TR US4, EHUE B 675 nm FIUEEL 707 nm 4
EIE—ER (E4) , TR (100 Pis.
R,5(707) — R,4(675)
R,5(707) + R,5(675)

HERRME, RIESEREZE, BARRIN: I%E: R=0.29, RMSE=14.59 ng/L, MAE=11.11 pg/L; %:
IEfE: R>=0.34, RMSE=13.85 ug/L, MAE=10.46 ug/L. Xk LLig EREEER.

HLESE 27 21 BERGIR N A2 0 s vh v AE S O SR IBG, 38 1T S T Xk A 4% 1 AP A v A A AT 20 33 R
SVM. RF Hil XGBoost Xt Chl-a i SEEAT S, O 1 EAFHIHATIEAE IR I >, R 450~720 nm f) 4

C(Chl —a) = 9.17 - +19.47 (11)
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Tab.3 Descriptive statistics and sample size of measured concentration of Chl-a and TSM

TSM ¥ & TSM e
Chl-a ¥#J/(ng/L) Chl-a ¥ /(ng/L)
XA /(mg/L) /(mg/L)
B/ME~BRE FHIME
F/ME~BRE FHE
e 4.77~75.30 36.82 9.17~127.10 35.50
RO 1 0.54~40.73 9.36 3.05~80.20 19.69
VK 5.03~18.60 10.76 9.92~63.10 24.82
KE K 8.45~11.44 991 5.63~10.80 7.71
T 1.00~5.60 231 0.81~11.50 5.34
YL 11.60~33.97 20.81 4.23~5.54 4.76
SR 4.30~9.74 8.00 3.00~6.81 5.29
T T P 1.89~74.11 13.11 7.67~87.73 28.50
VRt 6.00~52.00 11.94 10.00~18.00 13.64
4 WAL ERIUFESN Chl-a IR RS
Tab.4 Descriptive statistics of measured Chl-a for training and validation sets
IR LioanS
5 /IME~ 5 /ME~
FHME FEA SPHIME FEA &
A BXE
Chl-a ik 0.54~ 1.00~
19.49 372 19.87 160
/(ug/L) 75.30 7371
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Fig.3 Pearson's correlation coefficient between hyperspectra at 450-720 nm and measured Chl-a concentration
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SARTF , XGBoost B E Chl-a iR FE KIEAT 5 H R DU AE AL IR L, AR LA 4 BN R=0.96,
RMSE=3.53 ug/L, MAE=2.08 ug/L; 7E3&IF&% -, R=0.87, RMSE=6.02 ug/L, MAE=3.98 ug/L. MLLZF,
RF HERIZE I 2545 L PE RS S XGBoost #HIE (R?=0.96, RMSE=3.30 pg/L, MAE=2.00 pg/L) , 7EHFSEE
i) R>=0.86, RMSE=6.36 pg/L, MAE=4.16 ng/L. SVM IR AR BN, PUSIESE AR, H RME
X XGBoost #BUK 2.3%, RMSE fHith 8.6%. #—H¥K XGBoost B8 B F T 58 BB AR, R0 HAEA A K
PRSI e ) SOTRORS BEREATVRAY, 45 SR BORBKAR B RMSE 43 508: KIBAKIE (114 pg/L) « T 53 (1.84
pg/L) « VPR FE (2,14 ng/L) « 53 (3.78 pg/L) « B AT IS (4.72 pg/L) « RIIAIE (4.78 pg/L) <
M (5.65 pg/L) Rt (5.83 ug/L) , P14 RMSE 4 3.73 ug/L.

NG KA R AR I BT, FEAR BBk H. RMSE B /K AR B AR 22 Dk 3 . o, K
MR ERZ, A 3304, HIRZETR G L&k 72.4%, REASEENEERE, A EE A E
W2, 9784, TR ELN 16.6%; JEIBAEAE Y 17 4, TTlk G HEA 5.2%; HAKAER Iy Kz, T5
W RIEKEE . SRR O R AR R b, FORZETTER S LR T 3.0%, SR ZEFEMEUN . X —4h
KR, FARESRERZILFEE T A F KA BT S A4 152 72 1 DTHRFR FE

SETTE, XGBoost BBILE BTG K h R I B = I SOBRE R, BAA RIFM & 52 bRe 7y, &H
T T E S ED G I R AR 17K Chl-a BN W
2.4 iHijth Chl-a iREZ=EI %

J T 485 I K BT B I 2% SO Y Chl-a WRFEROE, E—P 047 7 2022 45 12 A 26 HZ 28 HIIE
M 17 AREE AL MRS R (B 6) o 4iHRH, MY Chl-a W 2B M R, i
JEFEZE 10.06~38.64 ug/L, 2 TR EE AN 14.44+6.89 pg/L. BARIUL, JEIh Chl-a W EER A RIL" 1L Fe
"B R o LAZREE 24.80°N 5%, KEib Rl o AL E X A s S X, o JbEIX 9 A s A Chl-
a IKIE R E{EN 38.64 pg/L, FAGAEN 10.06 pug/L, “FHIMEAN 14.91£9.09 pg/L; FEHEMIX 8 4~ S ALK Chl-a
R I e 21.64 pg/L, ARMEN 10.44 pg/L, “FIMEA 13.91+3.64 pg/L. ALMIMIX (1) Chl-a ¥ 5 =i
NEEIRIAX Y 1.79 £, AL X MbR 2 LU R X S T 5.45 pg/L, RIAILEWAX Chl-a W 23]
SRV AR . ASHE IR A 15 485 3o R I 7, AR R T VR Chl-a WREE 2 () 4 A kg
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Fig.6 Spatial distribution map of Chl-a concentration in Lake Dianchi from December 26 to 28, 2022, based on portable proximal

water quality monitoring equipment
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