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ABSTRACT:

With the rapid development of the regional econowster pollution has gradually become an envirortalgroblem that cannot be
ignored. As an important water source in centrah@hthe Han River should strengthen water qualitpitodng and management
in order to ensure the sustainable developmentténshed and related areas. Taking typical sectibmgddle and lower reaches of
the Han River as the study area, this paper foauseapid river water quality assessment using sp#ittral remote sensing images.
Based on measured water quality data and synchrapaiml high and medium-resolution remote sendatg (multi-spectral data
of ZY3 and HJ1A) in 2013, neural network algoritisrused to establish water quality index retriewaldel for the study area, and
then water quality status is assessed accordifbly.results show that BP neural network retrievatieh of water quality index that
is established based on multispectral data of Zxt8li#e has higher accuracy and that its assedsrasults are of high credibility
and strong applicability, which can really reflettanges in water quality and better achieve waiality assessment for the study
area. In addition, water quality assessment reshibsv that major excessive factors in the studgp are total nitrogen and total
phosphorus; the polluting type is organic pollutiaater quality varies greatly with seasons.
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1. INTRODUCTION of these studies used remote-sensing data to tptarly
retrieve concentration of water quality parameted @hen
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quatty establish a water quality evaluation model on thasis. The

environment management and monitoring. Only throwgter e . . L .
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neural networks can better simulate the complexlimear
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ping p 9 accuracy than empirical models (Keiner,1998, Bucki®#99,
Schiller,1999, Gross,1999, Karul,2000, Zhang, 2002,
Wang,2003, Lv,2006, Zhao,2009). Among numerous aleur

networks, BP neural network is mainly used for fiorct

while large-scale field sampling will consume agkramount
of manpower, materials and financial resourcesetent years,
with the rapid development of remote sensing teglmi more
and more researchers carried out fast, continundsignamic o . . . .
¥n approximation and is thus involved in the estalptisht of
monitoring on waters by means of remote sensingnigoe. . . .
remote sensing retrieval model of water quality apaater
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and foreign scholars on water quality evaluatioru(\2012, Gu,
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Although remote sensing technique exhibits manyaathges
in terms of water quality evaluation, current sasdimostly
adopt medium-resolution remote sensing images. tbueir
time advantage (for instance, the HJ-1A/1B developyd
China independently has a revisiting cycle of 4 Yayster
quality status can be monitored in a real-time nearmmd water
quality evaluation can be updated rapidly. Yetthese images
have relatively low resolution, their applicatiom lakes with
smaller inland area, narrow rivers or reservoirs krgely
limited. On January 9, 2012, a civilian high-resioln stereo
mapping satellite "ZY-3", the first one of its kifrd China, was
successfully launched of which the multispectraltata
resolution is 5m and the revisiting cycle is 5 dayisrough the
satellite, nationwide multispectral images can b&ined in a
continuous, stable and rapid manner over a loniggef time.
With typical section of middle and lower reachedHain River
as the study area, based on BP neural network @igorthis

paper makes use of the measured water quality ororgtdata

and obtained the multispectral data of the sagelliiJ-1A and
ZY-3 in the same period. According to Environmer@alality
Standards for Surface Water (GB3838-2002), Claswdter is
regarded as the control objective. Although a lbimethods
can be used for water quality evaluation, the pevistudy
considers (Xiao, 2013a, Xu, 2005) that single faciater
quality identification indicator (SFWQII) is mostigable for
this study area, so this method is also appliethis research.
The evaluation results show that major excessibstances of
the monitoring sections are total nitrogen (TN) atudal
phosphorus (TP). Both these two items exceed oélitaits to
varying degrees in summertime. Among them, TN iattic
exceeds the Class Ill water limits and gets clos€lass 1V
water limits in summer; as for autumn, this indicais a bit
improved but is still above the Class Il water itsnfor some
monitoring sections. TP indicator in summer alseggabove
the Class Il water limits and gets close to Cldlsw/ter limits

for some monitoring sections, while it gets beiterautumn,

acquired in summer and autumn in 2013 as well a&s th living up to the limits of Class Il water (Figurel)

multispectral data of the satellites ZY-3 and HJtbAestablish
a water quality parameter retrieval model of thedgtarea,
conduct water quality evaluation of the Han Rived anaw a

water quality map of the study area.

2. DATA AND METHODS
21 StudyArea

The middle and lower reaches of Han River is noty a
important water source for cities along the Riverdlso serves
as a water body with important water environmemicfions.
According to Environmental Status Bulletins reporgcdHubei
Provincial Environmental Protection Bureau in 2@ml-2,
water quality of Han River tends to be improved yepryear
as a whole. Historical monitoring data show that piollution
type of Han River is organic pollution and that thain excess
items are total phosphorus (TP) and ammonia nitrd@eN)
Hubei

(Environmental Protection Bureau of

2000-2012).

22. Relevant Data and Water Quality Evaluation
M ethods

Based on field investigation, with Xiantao sectidrHan River
as the study area, the author determined 9 momif@@ctions,

conducted field experiments in summer and autum204f3

Province,
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Figurel. Statistical results of SFWQII of TN and ifiRhe
study area, (a) TN-SFWQII,(b)TP-SFWQII

2.3. ImageData

As for remote sensing images, multispectral datdbiA and
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ZY-3 are adopted. Image data consistent with feddhpling

time are acquired and preprocessed, including gemme

correction, radiometric calibration and atmospheacrection
(Xiao, 2013b, Yang.2013).

“HJ-1" Satellite System is an earth observatiorstem
specifically designed by China for environment arshster
monitoring, which consists of two optical sateHitgHJ-1A and
HJ-1B) and one radar satellite (HJ-1C). By means dticalp
infrared and hyperspectral detection methods, dhdem can

dynamically monitor environment and disasters darge-scale,

all-weather, and 24-hour basis. Among them, HJ-BA i

characterized by four-band multispectral data, aatiap

resolution of 30m and a revisiting cycle of 4 days.

"ZY-3" Satellite is the first civilian high-resolien optical
stereo mapping satellite
successfully launched by China, whose main task isbtain
nationwide high-resolution stereo images and npétsal
images continuously, steadily and quickly overraglperiod of
time (Zhao, 2014). These images can be then usethra
resources investigation and detection, disastevept®n and
mitigation, agriculture, forestry and water consersy as well
as ecological environment. This satellite has begnipped
with four linear push-broom optical cameras, inahgdthree
full-color cameras and one multispectral cameraoAgnthem,
the multispectral camera includes four bands: geden, blue
and infrared and has a ground resolution of S5maarelisiting
cycle of 5 days. ZY-3 owns higher image quality amas
stronger information extraction ability than SPOm&erms of
water elements except for vegetation (Li, 2014gat basically
replace similar satellites like SPOT-5, P5 and AL@<hina
(Fu, 2013).

3. MODELS

BP neural network model (back-propagation) is thestmo

common one among neural network classifiers. Orits ahost
important applications is function approximationcén create
any non-linear non-significant function mappingateinship
from input to output for the training set and istalole for the
guantitative remote sensing retrieval study of wataality
parameters. As a result, BP neural network is urséltis paper
to establish a retrieval model for concentratioh§ N and TP
on the basis of multispectral data from HJ-1A and-Z

independently developedd an

Further, the root mean square err@\V(SE ) and the absolute
value of relative error‘QE‘) are employed to evaluate the

retrieval accuracy.

To accelerate the establishment of the model, énepkes are
normalized before modeling so that the input anel tdrget
value are between -1 and 1. As the samples forrempets are
not in great numbers, K-fold cross-training methiedised to
get more stable simulation results.
research results (Xiao, 2013a, 2013b), the bandshware

most correlated with the concentration of targetpeeters are

Accordinghte existing

selected to participate in the establishment oftbdel. That is
to say, four bands in the multispectral data oftthe satellites
are chosen as the inputs (for TP, the inputs arari834). The
concentration of TN (TP) are taken as the expeatgputs; the
initial learning rate is set as 0.05, the displggle 1000, the
number of iterations 2500 and the error performatzzget
0.0005. Based on the comparisons of different tngini
algorithms of different BP neural networks (the etten for
the optimal training algorithm of BP neural netwoik
published in another paper), after several adjustsnef the
numbers of learning iterations and neurons in idddn layer,
in consideration of fitting speed and accuracyyj®tfunction
is adopted for the neurons in the hidden layer lavhilinear
function is adopted for the output layer; the numbé the
neurons in the hidden layer is 6 and the netwomlctire is
4-6-1(for TP, the structure is 2-6-1).

4. RESULTS

4.1.  Comparisons Results

Based on the multispectral data of ZY-3 and HJ-1ke t
concentration of water quality parameter in thedgtarea is
retrieved, and then the water quality evaluatiosults are

obtained from the retrieval result§re| and RMSE are

adopted to compare the water quality evaluatiorur@oies of
these two kinds of multispectral data. See deimilsgure2.
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Figure2. Comparisons of accuracies of SFWQII forard TP

in the study area based on different image data
(a) 2013-TN-summer, (b) 2013-TN-autumn,
(c) 2013-TP-summer, (d) 2013-TP-autumn
It can be seen from Figure 2 that, for TN, two aa#bn

standards|RE| andrRMSE should be taken into account. No

matter in the summer or autumn of 2013, the evianaesults
obtained through multispectral data of ZY-3 areseloto those
of measured data. In addition, when TN indicatots deetter
(namely, TN concentration decreases), the retrieesllts
obtained based on multispectral data of ZY-3 stiflintain a
low error, while in the similar case, the fittingsults from
multispectral data of HJ-1A experience increasewreand
enhanced volatility, and a large gap can be idedtibetween

the simulation evaluation results of some sampled the
measured evaluation results (for instance in aufufra| of

Sample 8 is 12%).

TP indicator also shares some similarities with ifiicator.

The evaluation results obtained from ZY-3's mubisipal data
are more in line with the actual situation. In uenmertime of
2013, the simulation evaluation results of indidtmonitoring

sections based on HJ-1A's multispectral data henget errors,
while other sections are not; in the autumn of shme year,
this indicator gets better (the concentration gimsn) and the
evaluation accuracy still reduces.

4.2.  Water Quality Evaluation

By means of BP neural network (resilient BP alganithbased
on the multispectral data of ZY-3 and HJ-1A, theatsp

distribution map of single factor water quality idiéication

index for TN and TP in the study area is made @mENVI and
MATLAB2013a environment, as shown in Figure 3.
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Figure 3. Spatial distribution of SFWQII for TN af@ in the
study area, (a)SFWQII-TN,(b)SFWQII-TP
It can be seen from this map that, compared withVQH

based on measured data (the figures marked ondperefiect
the SFWQII obtained from measured data), both these
kinds of multispectral data can get the evaluatesults similar
to measured data. However, the comparisons indtbate the
spatial distribution map for SFWQII from ZY-3's rtigpectral
data has a higher accuracy, which not only acclyraéflect
the level of distribution of water quality indicasoin the study
area (the arrow points out the high value area}, ddso
precisely identify non-water parts (as shown by ¢heles in
Figure 3. (@) and Figure 3. (b)); Yet, as for theatwl

distribution map for SFWQII from HJ-1A's multispeadtdata,
although it is able to reflect the overall watealjy status of
the study area, the levels of distribution of watgrality
indicators can only be roughly expressed; when wednto
know the upstream and downstream statuses of aircert
section with high indicator value, the specific lexaion results
acquired are less reliable than those results fidYh3's
multispectral data, which is mainly attributed he tow spatial

resolution (30m) of these data.

5. CONCLUSIONS

The water quality evaluation conducted based onotem
sensing data supplements the traditional evaluatiork. In
this paper, the multispectral data from two doneestitellites
(ZY-3 and HJ-1A) are used to establish a remotsiagn
retrieval model of concentrations of TN and TP tiyio BP
neural network (resilient BP algorithm) and conduater
quality evaluations on typical section of middledatower
reaches of the Han River. Comparisons reveal that32Y
multispectral data can get more reliable water itual
evaluation results and higher-resolution spatistritiution map
of these results. Besides, the evaluation resutedan ZY-3
s' multispectral images not only reflect the oMerater quality
status of the study area, but also reveal the egstrand
downstream water quality statuses of a certainigeavith
high indicator value and precisely identify non-graparts.
From the perspective of research results, the rapéictral data
from ZY-3 and HJ-1A are good sources for remotesisgndata
of retrieval models of concentration of water qtygtiarameter,
and the researchers may selectively make use of the
advantages to conduct water quality evaluation vedrinland
rivers. Based on the data obtained in summer andervivf
2013, the advantage of ZY-3's short revisiting ey not
reflected, and future studies should focus onbigst more; in
the meantime, the data from ZY-3 and HJ-1A can uéhér
used for the dynamic monitoring and simulated fastiog of

water quality in inland waters.
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