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Estimation of Diffuse Attenuation Coefficient of Photosynthetically Active

Radiation in Xin’anjiang Reservoir Based on Landsat 8 Data

ZHANG Yi-bo"*, ZHANG Yun-lin®* , ZHA Yong', SHI Kun®’, ZHOU Yong-giang®*, LIU Ming-liang*

(1. Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development and Application, Key Laboratory of
Virtual Geographical Environment, Ministry of Education, Nanjing Normal University, Nanjing 210023, China; 2. State Key
Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing
210008, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Hangzhou Institute of Environmental
Science, Hangzhou 310014, China)

Abstract; Photosynthetically active radiation (PAR) is defined as the wavelength band of 400 to 700 nm, representing most of the
visible solar radiation that could be used for photosynthesis. PAR is attenuated by the absorption and scattering of nonpigment
suspended matter, chromophoric dissolved organic matter and phytoplankton, and it plays an important role in determining the density
and distribution of aquatic organisms. This study developed an empirical model and presented the spatial-temporal distribution of PAR
diffuse attenuation coefficient [ K; (PAR) ] for the slightly turbid Xin’anjiang Reservoir based on the in situ ground data and the
matching Landsat 8 data. The results showed that the three-band combinational model of K, (PAR) using Band 2, Band 3 and Band 8
could give a reasonable and acceptable estimation accuracy with a determination coefficient of 0. 87. Independent dataset was used to
validate the model with a mean relative error of 9.16% and a root mean square error of 0.06 m~'. Therefore, the three-band
combination using Landsat 8 data could be used to accurately estimate K, (PAR) in the slightly turbid Xin’anjiang Reservoir. K|
(PAR) exhibited significant seasonal and spatial differences. K, (PAR) was higher in autumn ( September-November) and summer
(June-August) with the average K, (PAR) of (0.82 £0.60) m 'and (0.77 £0.41) m™", but lower in winter ( December-February)
and spring ( March-May) with the average K, ( PAR) of (0.56 £0.50) m™" and (0.40 £0.45) m™', respectively. Spatially, K,
(PAR) ranged from 0. 002 to 13. 86 m ™' with an average of (0.64 +0.49) m™'. The temporal heterogeneity of K, ( PAR) was mainly
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caused by the seasonal rainfall and seasonal growth of phytoplankton. The spatial heterogeneity was mainly caused by suspended matter

concentration derived from watershed inputs and human dredging activity.

Key words: Landsat 8 data; Xin’anjiang Reservoir; PAR diffuse attenuation coefficient; empirical method; remote sensing estimation
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Fig. 1 Distribution of sampling sites in Xin’anjiang Reservoir
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Fx1 BEZEYW(TSM), H4EE a(Chla) REFXEFUEHTR R K, (PAR) ]
Table 1 Total suspended matter (TSM) , chlorophyll a (Chla) concentration and diffuse attenuation coefficient
of photosynthetically active radiation [ K;(PAR) ]
ZHAHY IR f/ME EFNI: N SRIE] BfE b 22 e/ B {H
TSM/mg-1.~! 90 0.67 4.52 0.96 1.34 0.82 0.61
Chla/pg-L~! 90 1.18 5.31 2.65 2.64 0.87 0.33
K,(PAR) (C)/m™! 60 0.26 0.94 0.36 0.44 0.17 0.39
K,;(PAR) (V)/m™! 30 0.30 0.91 0.47 0.49 0.16 0.33
1)K, (PAR) (C)HFHERIGHE,; K (PAR) (V) H TR HEHIE
2 2013 ~2015 SFF%IIKE Landsat 8 EFHHXURZEABEAT10, 7 05 d RitFERE/mn
Table 2 Seasonal distribution of Landsat 8 images and accumulated rainfall of ten days, seven days and
five days before imaging over Xin’anjiang Reservoir during 2013-2015/mm
S i WA 10 d WA 7 d AR S d
BE(n=2) 2013-05-23 718 576 232
2015-04-11 75 43 17
2013-07-10 170 0 0
HE(n=4) 2013-08-11 8 0 0
e 2014-06-11 269 0 0
2014-07-29 660 660 641
E(n=2) 2013-10-14 407 395 0
A 2013-11-15 300 300 300
2013-12-01 116 116 0
2014-01-02 0 0 0
KT (n=6) 2014-01-18 156 94 0
X 2014-02-03 0 0 0
2014-12-20 68 0 0
2015-02-06 0 0
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