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Estimation and Forecast of Chlorophyll a Concentration in Taihu Lake Based on
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Abstract: Chlorophyll a concentration is one of the important parameters for the characterization of water quality which reflects the
degree of eutrophication and algae content in the water body. It is also an important factor in determining water spectral reflectance.
Chlorophyll a concentration is an important water quality parameter in water quality remote sensing. Remote sensing quantitative
retrieval of chlorophyll a concentration can provide new ideas and methods for the monitoring and evaluation of lake water quality. In
this work we developed a data assimilation scheme based on ensemble square root filters and three-dimensional numerical modeling for
wind-driven circulation and pollutant transport to assimilate the concentration of chlorophyll a. We also conducted some assimilation
experiments using buoy observation data on May 20 2010. We estimated the concentration of chlorophyll a in Taihu Lake and then
used this result to forecast the concentration of chlorophyll a. During the assimilation stage the root mean square error reduced from
1.58 1.025 and 2.76 to 0.465 0.276 and 1.01 respectively and the average relative error reduced from 0. 2 to 0. 05 0. 046
and 0. 069 respectively. During the prediction stage the root mean square error reduced from 1.486 1.143 and 2.38 to 0.017
0.147 and 0.23 respectively and the average relative error reduced from 0.2 to 0. 002 0.025 and 0.019 respectively. The final
results indicate that the method of data assimilation can significantly improve the accuracy in the estimation and prediction of
chlorophyll a concentration in Taihu Lake.
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Fig. 1 Distribution of sampling sites and buoy sites in Taihu Lake
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Fig. 6 Assimilation results of chlorophyll a concentration

Fig. 7 Prediction results of chlorophyll a concentration
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1.58, 1.025. 2.76
0.465. 0.276. 1.01
0.2 0.05. 0.046. 0. 069.
1.486. 1.143. 2.38
0.147. 0.23 0.2
0.002. 0.025. 0. 019.
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Table 1  Comparison of chlorophyll a concentrations

between simulation and assimilation results

( RMSE) ( ARE)

1 1.58 0. 465 0.2 0.05
1. 486 0.017 0.2 0. 002

2 1. 025 0.276 0.2 0. 046
1. 143 0. 147 0.2 0. 025

3 2.76 1.01 0.2 0. 069
2.38 0.23 0.2 0.019

10

14

15

] 2006 25(4): 665-671.

Moradkhani H  Sorooshian S Gupta H Vet al. Dual state-
parameter estimation of hydrological models using ensemble
Kalman filter J . Advances in Water Resources 2005 28(2):
135-147.

Davenport I J Silgram M Robinson J S et al. The use of earth
observation techniques to improve catchment-scale pollution
predictions J . Physics and Chemistry of the Earth Parts A/B/
C 2003 28(33-36): 1365-1376.

. 2005 27(1): 1-

J. 2002 24(5): 1.
Ussif A M Sandal L K Steinshamn S I. A new approach of
fitting biomass dynamics models to data ] Mathematical
Biosciences 2003 182(1): 67-79.
McLaughlin D.  An integrated approach to hydrologic data

assimilation:  interpolation

Advances in Water Resources 2002 25(8-12) :

smoothing  and filtering ]
1275-1286.
Aubert D Loumagne C  Oudin L. Sequential assimilation of soil
moisture and streamflow data in a conceptual rainfallcunoff model
J . Journal of Hydrology 2003 280( 1-4):145-161.

Smith N R. The global ocean data assimilation experiment J .
Advances in Space Research. 2000 25(5): 1089-1098.

Kalman

J. 2008 32(6): 1419-1430.
D . : 2005. 6-8.
LeCF LiYM ZhaY et al. Specific absorption coefficient
and the phytoplankton package effect in Lake Taihu China J .
Hydrobiologia 2009 619( 1) : 27-37.
Zhang Z Song Z Y Lv G N. A new implicit scheme for solving
3-D shallow water flows J . Journal of Hydrodynamics ( Series
B) 2009 21(6): 790-798.
Zhang Z Song Z Y. Three-dimensional numerical modeling for
wind-driven circulation and pollutant transport in a large-scale
lake A . In: International Conference of Bioinformatics and
Biomedical Engineering C . Chengdu: IEEE 2010.1-7.
Kalman R E. A new approach to linear filtering and prediction
problems ] Transactions of the American Society of
Mechanical Engineering Journal of Basic Engineering Series D
1960 82: 35-45.
() M.
2006. 341-347.

Evensen G. Sequential data assimilation with a nonlinear quasi-
geostrophic model using Monte Carlo methods to forecast error

statistics J . Journal of Geophysical Research 1994 99( C5) :



68 34

10143-10162. assessment of the ensemble kalman filter for assimilation of radar
18 Whitaker J] S Hamill T M. Ensemble data assimilation without observations. Part I Storm-scale analyses J . Monthly Weather
perturbed observations J . Monthly Weather Review 2002 130 Review 2009 137(6) : 1805-1824.
(7): 1913-1924. 20
19  Aksoy A Dowell D C Snyder C. A multicase comparative J. 2007 18(3) : 396-407.

( )

1. . 8000 ( NN ).
. . ( )
( www. hjkx. ac. cn)
2. GB 771387 N »
. 20
4. 300 : N )
5 ( ) \
6.
7. ( M(SI) . mg( ) m( ) h
« )
11.11.1.1 3 (1) (2) === o)
10.
( ) I () -
M . -
AL (In): c () -
D .
R .
P .
11. . .3
12. . : 2871 ; - 100085;

010-62941102 010-62849343; :010-62849343; E-mail: hjkx@ rcees. ac. cn; > www. hjkx. ac. en



