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Abstract: Quality control and quality assessment are important tasks in developing quantitative remote sensing products. Product
quality can provide detailed information for users. However quality control and assessment of remote sensing products may be d
ifficult to achieve particularly for products with complicated algorithms that require the verification and assessment of numerous in—
puts  which is time-consuming. This paper describes a proposed method of quality control and quality assessment for Photosyntheti—
cally Active Radiation ( PAR) products. Within the design of the overall technology framework the detailed input data the quality
control system for the products and the method of quality control and quality assessment are clearly demonstrated. Multisource re—
mote sensing data and other geographical data for PAR estimates can result in numerous uncertainties. Thus the quality control
scheme was established using algorithm uncertainty analysis quality system design and multiple levels of the products and each

possible uncertainty/error was recorded in the overall assessment of the products. The quality assessment method is briefly d

escribed using the ground measured data and quality designation of products.

Key words: quantitative remote sensing products quality control quality assessment Photosynthetically Active Radiation ( PAR)

CLC number: TP701 Document code: A

Citation format: Yu JF XinXZ ZhangHL LiL GongL F and Liu Q H. 2014. Quality control and quality assessment of photo—

synthetically active radiation remote sensing products. Journal of R emote Sensing 1 8(2): 390 —404

11834/jrs. 20143111

1 INTRODUCTION

Many international organizations and research teams have
been drawing support from the development of remote sensing
models and surface parameter retrieval methods to generate d
ifferent levels and types of quantitative remote sensing products
with the development of remote sensing and space technology. As
a result many scientific research data are provided in the fields
of the atmospheric science oceanography ecology agriculture
and forestry. These products contain the common surface albedo
2002)

and photosynthetically active radiation

products ( Schaaf et al.
( Baret et al. 2007)
( PAR) products. Research on the theory and technology of

vegetation index products

quantitative remote sensing has become a current focus in the
aforementioned research fields (Li 2005) . Quantitative remote
sensing products play an important role in the study of global
change and regional environmental monitoring. Directly evalua—
ting data validation and accuracy is difficult because of generally
little quality information for most remote sensing products which
limits further analysis and application.

Quality control is the key point in the process of producing

DOI: 10.

remote sensing products. Quality control aims to provide detailed
reference information of data quality for users and for further r
esearch. The current research on data quality is generally fo—
cused on the ground observation and metadata of the images
2010; Xie
2011) . The quality control of Moderate—resolution Imaging Spec—

( China Meteorological Administration et al.
troradiometer ( MODIS) land-atmosphere-ocean products is per—
formed using a data quality control system ( Huete et al.

1999: Solano et al.

the quality control of remote sensing with most studies focusing

2010) . However few studies focus on

instead on uncertainty analysis. Uncertainty analysis is used to
analyze the uncertainty factors and eliminate or reduce their im—
2009; Ge

et al. 2004) . For a standard remote sensing product the eval—

pact on the remote sensing products ( Zhou et al.

uation of the product is an essential procedure and a long-term
and continuous quality e valuation is usually performed through
quality control and a ccuracy assessment. Studies of quality con—
trol and quality a ssessment for satellite-derived products for ap—
plication should be performed ( Shi & Liu 2004) .

PAR is the part of solar radiation between 400 nm and 7

00 nm that is the important energy source for photosynthesis and
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is the basic energy that forms biomass. Consequently PAR has a
direct impact on plant growth development yield and product
1991) .

rameter for vegetation growth models ecological processing mod—

quality ( Zuo et al. PAR is not only an important pa—
els and other studies but also affects the exchange of matter and

energy between the surface and the atmosphere ( Li et al.

1997)

cles. However much research on current PAR products has fo—

such as in the carbon nutrient water and thermal cy-

cused on the retrieval algorithm and product validation while
few studies have focused on error analysis quality control meth—
ods and product quality designation. This paper describes a
quality control system for PAR products and its quality assess—

ment.

2 METHODOLOGY

The overall quality control and quality assessment of PAR
the uncertainty of PAR

products was analyzed based on the algorithms and the produc—

products was performed below. First

tion processes and the possible sources of algorithms” e rrors and
the major impact factors were identified. Afterward on the basis
of an uncertainty analysis to build a reliable product quality con—
trol system by means of the product quality designation system

the quality of the products could be controlled effectively with
the aim to screen and analyze the final production and quality as—
sessment of the products. Finally the generated quality designa—
tion files and the ground measured data are used to analyze and

compare the PAR products.
2.1 Algorithm principles of PAR inversion

Huang et al. (2011) used a method of combining data
from the MODIS and the Multifunctional Transport Satellite ( MT—
SAT) to estimate the national solar radiation. Li et al. (2010)
and Zhang et al. (2013) performed further research on solar
radiation estimation using remote sensing. The principle of their
methods was based on the lookup table which consisted of vari—
ous atmospheric and surface parameters. The input data to their
model is derived from polar-erbiting and geostationary satellites.
The algorithms for the estimation of PAR take into account the
physical process by which solar radiation passes through the at—
mosphere to reach the surface especially with regard to cloud at—
tenuation. These algorithms have a clear physical mechanism.
Various input parameters of the algorithms are derived from
quantitative remote sensing products; these products have a good
portability because they can reduce the process in the parametric
algorithm so that the parameters do not need to be calibrated
several times to achieve the adaptation station. From the view of
the structure of the algorithms adding new parameters is easy
which will be important in improving and expanding the algo—
rithms in the future. By means of the data from MODIS and MT-
SAT these algorithms could produce the national PAR products
with a spatial resolution of 0. 05°; the temporal resolution has
three types of scales: instantaneous hourly and daily. The aero—
sol optical thickness data can be obtained from the formula for
conversion between aerosol optical thickness and visibility
(Berk et al. 1999) .

The PAR algorithm process is shown in Fig.1 and the d

etails of the algorithms are below.

(1) The lookup table was created using the Santa Barbara
DISTORT Atmospheric Radiative Transfer ( SBDART) model
which consists of different scattering geometries ( solar zenith a
ngle satellite zenith angle and relative azimuth)  different sur—
face albedos and different cloud optical thicknesses.

(2) The surface albedo was derived from the MODIS land
products the different observation times under the apparent radi-
ance ( solar zenith angle) were derived from the visible channel
data of MTSAT and the cloud optical thickness was retrieved
from the lookup table interpolation.

(3) The cloud detection method of the cloud optical thick—
ness is combined with the MODIS ice/snow cover product data to
distinguish the snow cloudy and cloudless areas.

(4) For the clearsky condition the PAR lookup table was
created using the model of the Second Simulation of the Satellite
Signal in the Solar Spectrum ( 6S) . For the cloudy-sky condi-
tion the downward PAR lookup table was built by SBDART and
could retrieve the cloudy-sky PAR. Based on the downward PAR
lookup table the horizontal surface PAR could be estimated in
the entire region for any weather condition.

(5) Using the surface elevation data to correct the terrain
effects on PAR  the value of instantaneous PAR of the undulating
surface would be determined.

(6) On the basis of the cumulative value of instantaneous

PAR the hourly and daily total PAR could be obtained.

Geostationary satellite images,
solar-satellite geometries, surface
reflectance, AOD

l

LUT{TOA irradiance,
surface raflectance, water
vapor, COT, AOD)

Cloudy sky Clear sky

Lut generated
from SBDART
for cloudy sky

LUT generated
from 65 for clear
sky

Instantaneous PAR
for clear sky on
horizontal surface

Instantaneous PAR
for cloudy sky on
honzontal surface

Topographic correction
Instantaneous
PAR for tilted
surface
Hourly and daily
PAR for tilted
surface

Fig.1 The flowchart of the PAR retrieval algorithm
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2.2 Uncertainty analysis of the PAR products
22.1 Uncentainty analysis of the input data

The required input data of PAR production are: geosta—

tionary satellite data surface albedo water vapor content

total ozone content ice/snow covered area and

Digital Elevation Model ( DEM) .
in Table 1.

visibility
The input data are listed

Table 1 The input data of the PAR products

Input data Source Temporal resolution Spatial resolution Parameters
MTSAT-visible band MTSATHR 1h 0.05° Cloud optical thickness
MCD43C2 MODIS 1 time/8 days 0.05° Surface albedo
MODO05 /MYDO5 MODIS 2 times/day 1 km Water vapor content
MODO7 MODIS 1 time/day 1 km Ozone content

MODI10 MODIS 1 time/day 5 km Ice/snow cover
Horizontal visibility China Meteorological Administration 8 times/day — Aerosol Optical Depth
DEM Shuttle Radar Topography Mission — 30" Surface elevation

The primary factors that affect PAR were determined by the
sensitivity analysis method with the radiative transfer model. Li
et al. analyzed the sensitivity of the aerosol optical depth water
ozone and surface albedo to the PAR and found that
PAR is sensitive to the aerosol optical depth and the surface al-

vapor
bedo whereas PAR is not sensitive to water and ozone. In our
proposed method aerosol optical thickness was converted from
the visibility data. The visibility and surface albedo were deter—
mined in detail while the values of water vapor and ozone were
simply determined as being valid or not.

Cloud optical thickness is an important parameter of PAR
retrieval; the effect of cloud optical thickness at a solar zenith of
30°and a surface albedo of 0.3 on the PAR is shown in Fig. 2.
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Fig.2  The relationship between cloud optical
thickness and downward PAR

For cloudy sky cloud is the primary factor affecting the sur—
face downward PAR  which is determined in detail in our p

roposed method.
222 Uncertainty analysis of the algorithm

The instantaneous downward PAR was estimated separately
for the clear sky and the cloudy sky and the method for cloud
detection was based on the threshold of the cloud optical thick—
ness. The cloud optical thickness was derived from the visible
channel of the geostationary images along with other auxiliary in—
put data. The accuracy of the inversed cloud optical thickness
was mainly affected by the surface reflectivity and the solar s
atellite geometries.

Given the high reflectivity of ice/snow and cloud ice/snow
was often detected as cloud resulting in a high value for cloud

optical thickness in ice/snow-covered areas. The ice/snow-cov—

ered areas were first detected and the cloud was detected only
for ice/snow-ree pixels. Note that some pixels are masked by
cloud; hence only the clear ones are designated. The uncertain—
ty of ice/snow and cloud detection algorithm will affect the accu—
racy of the PAR products and the ice/snow covered pixels were

also designated in our proposed model.
22.3  Uncentainty analysis of the production process

Primary algorithms and backup algorithms for many a
dvanced remote sensing products have been developed. These
products will use different algorithms depending on the different
inputs and demands. The primary algorithms are usually the first
choice while the backup algorithms will be used when the input
data are limited. Given the simplicity of the backup algorithms
and the lack of input data the accuracy of these backup algo—
rithms is lower than that of the primary algorithms. Thus back-
up algorithms should be designated by two or more optional meth—
ods. In our proposed method only one algorithm for the PAR es—
timation is used and is not designated.

The proposed model for PAR estimation uses geostationary
satellite ( MTSAT) and polar-erbiting satellite ( MODIS) data
and the accuracy of their geometric registration will result in un—
certainty in the process of PAR production; their impact on qual-
ity control has not yet been considered.

In the production process some uncertainties for missing
data or filled values should be designated for the missing data
and the filled values. Some missing values of surface albedo in
southeast China are observed because the cloud is masked over a
long time period. In PAR production processing the missing
surface albedo values were filled using the long term averaged

values and designated.

2.3 Quality control and quality assessment method for
PAR products

Quality control of the PAR products is represented by quali—
ty designation. The quality designation system presented here is
based on the quality designation system of the MODIS products to
be performed. Furthermore based on the uncertainty analysis of
the method product quality control is designated in terms of the
validation check the quality designation of input data and the
levels of classification. The quality information of the products

was stored in the quality designation files. The product quality
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was evaluated using the ground observation data and the quali—
ty designation files. The overall flowchart is shown in Fig. 3.

Uncertainty

Quality
control

Quality
designation
documents

Quality level

Validity check

Quality
evaluation

!}

Analysis results

Fig.3  The overall flowchart of quality control and quality assessment

3 PRODUCT QUALITY DESIGNATION SYSTEM
DESIGN

Quality control is designed in terms of the quality designation
system and the quality designation files were automatically genera—

ted and stored in binary as metadata with the PAR products.

3.1 Validation check

The valid range of the input parameters must be validated
for each pixel. The surface albedo is within 0 to 1 the water v
apor content is within 0.01 g/cm’ t0 5.0 g/cm’  the ozone con—
tent is 0. 258—0.430 cm-atm the horizontal visibility is within
0 to 50 km and the

cloud optical thickness is within O to 100. If all the input v alues

the snow-covered area is within 0 to 1

were valid then the overall quality of products will be designated
as 0. If the values of water vapor and ozone content were invalid

then the values will be filled with the default values that confirm
their insensitivity to the effects of PAR and the o verall product
quality will be designated as 1. If the values of ice/snow-covered
areas were invalid then the overall product quality will be desig—
nated as 2. The values will be filled by the default values if the
surface albedo was invalid and the overall product quality will
be designated as 3. If the values of the cloud optical thickness or
the horizontal visibility were invalid then the PAR will not be
retrieved because the primary input data are missing and then

the overall product quality is designated as 4.
3.2 The quality designation of the input data

(1) Ozone and water vapor: given that the influence of o
zone and water vapor on the PAR is weak and the validation
check is an important procedure the valid data will be designat—
ed as 0 to indicate a valid value and the invalid data will be
designated as 1 to indicate a filled value.

(2) Visibility: the aerosol optical thickness was derived
from the interpolation of the visibility data of approximately 700

m eteorological stations. Quality information of visibility will be
referenced first and then the information records of the quality
of the visibility data will be represented as below: 0—the correct
data; 1—the suspicious data; 2—the wrong data; 3—the data
with corrected value; 4—the modified data; 8—data missing;

9—data without quality control operation. In the process of
quality designation the stations with corrected data are desig—
nated as O the stations with wrong data or null data are desig—
nated as 2 and the stations with other data situations are des—
ignated as 1. Then the quality at the station will be regarded
as the quality of the same station which is the center of a re—
gion of 21 x 21 pixels and the poor value will be replaced by
the quality value of the pixel if there is an overlapping portion b
etween the pixels. The unmarked pixels can indicate that the ob—
servation stations are sparse in this region as such the interpo—
lated data of visibility is questionable; thus their quality will be
designated as 1.

(3) Surface albedo: the surface albedo of the MODIS prod—
ucts has quality control documents and the quality of the data is
classified into six levels as listed in Table 2. After the quality
control documents are read and the quality is designated the
quality values of the pixels of 0 and 1 will be set to 0 to indicate
that the quality is good the quality value of the pixels of 2 and 3
will be set to 1 to indicate that the quality is ordinary and the
quality value of the pixels of 4 and 255 will be set to 2 to indicate

that the value is filled or that the data are missing.

Cloud optical
thickness

Quality level=-1

Quality level=2

isibihity quality
designation=0

Quality level=1

Solar zenith
angle>80°

Observing zenith
angle =350

Quality level=0

Fig.4 The flowchart to classify the quality level of
the cloud optical thickness
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(4) Cloud optical thickness: within the design of the algo—
rithm the retrieved cloud optical thickness is influenced by the
surface albedo visibility solar zenith angle view zenith angle
and other parameters and the quality designation information of
the data will be regarded as the quality information for surface al—

bedo and visibility. The detailed quality classification process

of the daily total PAR must be considered again.

Table 3 Quality designation information of each binary value

Bit  Parameters Value Description

0 Produced

Produced water vapor or ozone content are filled values

Produced ice/snow-covered pixels are missing

1
Overall 2
3

contains four levels as shown in Fig.4 where O represents high 02 product Produced - surface albedo is a filled value
. . T . ality N duced cloud optical thickness
quality 1 denotes normal quality 2 indicates low quality and uatty 4 ot produced cloud optical thickness or
. . . . . . Vlsll’)lllty 18 mlSSlng
—1 indicates that the cloud optical thickness is the filled value. L
5 Produced but invalid for other reasons
Ozone 0 Valid value
Table 2 Quality control documents of the surface albedo 3 content 1 Filled value
Parameters  Value Data quality description Water vapor 0 Valid value
0 Best quality ( more than 75% are retrieved prefect) content 1 Filled value
1 High quality ( more than 75% are retrieved completely) Hori | 0 Data are corrected
te
Surface 2 <75% are retrieved completely or <25% are filled values “)r.llz;‘]ll?td 1 Data are suspicious and some are revised or modified
visibili
albedo 3 Using the backup algorithms or <50% are filled values Y 2 Incorrect data or data missing
4 >50% are filled values . 0 High quality
. o . Sur{ﬂ(fﬂ
255 Values are filled or missing 1 Moderate quality
albedo
2 Data are filled or missing
. loud 0 High quality
(5) Ice/snow-covered areas: the areas will be checked to Clouc el quatty
. . . 9—11  optical 1 Moderate quality
determine whether they are covered by ice/snow or not; if not . .
thickness 2 Low quality
the areas will be designated as 0; otherwise the areas will be Tee/snow 0O No
designated as 1. cover 1 Yes
The detailed quality designation information of the binary of
the input data is listed in Table 3. 331 The instantaneous/hourly PAR product qudlity classification

3.3 Product quality classification design

The quality level of the products was classified by the u
ncertainty analysis the validation check and the quality designa—
tion of the input data and the daily total PAR was obtained from

the integration of the instantaneous value. Thus the quality

Clear sky

Photosynthetically
active radiation

design

Fig. 5 shows the overall flowchart of the classification
process. By means of the validation check and the results of the
quality designation of the input data the quality of instantane—
ous/hourly PAR products can be classified and the classifica—
tion is listed in Table 4.

Cuality

level=—1

No
Cloudy sky

Quality Visibility quality
level=3 designation=0
Quality Albedo quality
level=2 designation=0

Yes e y
Quality Water vapor quality
level =1 designation=0

Yes Ozone

quality designation={

Fig. 5

Cloud optical thickness Quality
quality designation=2 level=3
Quality
level =2
Quality
level =1
Visibility

quality designation=0
No o Quality
level =0

The flowchart of the instantaneous/hourly PAR product levels classification
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Table 4 Quality level description

Quality Quality Descripti
level condition eserpon
-1 Filled value Not produced or invalid for other reasons
0 High quality Data with best quality
1 Moderate Useable see details in quality
quality identification files
. Useable surface albedo quality
2 Low quality . .
is not satisfactory
. Useable visibility/cloud optical thickness
3 Lower quality

quality is not satisfactory

3.3.2 The dadily total PAR product qudlity classification design

From sunrise to sunset the number of hours of the daily to—
tal PAR can be calculated and the quality of the daily total PAR
can be obtained through the quality of the instantaneous PAR.
Eq. (1) can be used to calculate the number of hours of daily to—
tal PAR n:

n =int(t, — ) (1)
where ¢, is the sunrise time ¢, is the sunset time and int repre—
sents the rounding-up function. Based on the flowchart in Fig. 6
the classification of the quality of the daily total PAR can be d

escribed clearly. (), represents the quality of the instantaneous

PAR of the i" hour and i is in the range 1 to n. N, represents
the number of Q; when ), satisfies the certain conditions for e
xample N,_; means that (), satisfies three certain conditions.
Similar to the instantaneous PAR quality level the quality level
values of the daily total PAR of -1 0 1

filled value high quality normal quality low quality and lower

2 and 3 represent

quality respectively.

Daily total
PAR

Quality level=-]

Quality level=3

i

1 Quality level=2

S —— |

| Quality level=I

Quality level=0

Fig.6  The flowchart of the daily total PAR

quality levels classification

4 THE QUALITY EVALUATION OF THE
PAR PRODUCTS

Using the solar radiation data in the Beijing station as an ex—
ample we can use the quality of the daily total PAR products to
evaluate and analyze the quality control methods of this paper.
The data of the 6 months from January to June in 2010 had been
verified ( because the partial data of the MTSAT image are miss—
ing and a total of 95 days of data are valid) and the ratio b
etween the PAR and total radiation around the world is relatively
stable ( in the seasonal or interannual scales) ; as a result some
scientists have taken this conversion factor to be constant ( Bai
2009) . The conversion factor is 0. 47 in this paper and the

comparison results are shown in Fig. 7 and Table 5.

Table 5 The results of the product quality classification

Quality level R MBE/( MJ/m’) RMBE /% RMSE/( MJ/m?) RRMSE /% Number Impact factors
0 — — — — 0 —
1 0.92 0.52 5.03 1.06 10.21 26 Ice/snow water vapor and ozone
2 0.88 0.97 15.18 1.76 27.64 47 Surface albedo
3 0.82 1.17 23.24 1.65 32.86 22 Cloud optical thickness
-1 — — — — 86 Filled value

[ v=1.0144x+0,7894

R=0.8819
14 MBE=0.8923 7
RMBE=12.46% e s &
_ 12+ RMSE=1.5738 ote, s R 2
= RRMSE=2197% .
é 10F
% st -
i ol ) ‘ie .‘- . + 0=
2 S T
= | L L 0=2
= 4 N (o . 0=3
el < — |1 line

- == Regression line

[(*]
b
o0
(]
s
o

Measured PAR/(MI/m?)
Fig.7 The scatter plots of the measured and retrieved PAR

The correlation coefficient R® between the retrieved PAR
and the measured PAR is 0. 88 for the Beijing station with an a
verage deviation of 0. 89 MJ/m’( 12.46%) and a RMSE of 1
.57 MJ/m* (21.97%) . The overall product was obviously over—
estimated. Detailed evaluation and accuracy results regarding the
quality of the products can be obtained using the quality designa—
tion documents and the product quality level. As listed in Table
5 the precision of the products of quality level 1 is the highest t
he precision of the products of quality level 2 is low and the
precision of the products of quality level 3 is worst. Based on the
quality designation documents of the Beijing station and the a
nalysis of the impact factors of product quality cloud optical
thickness has the worst quality but visibility and other parame—
ters have good quality. Thus cloud optical thickness and surface

albedo can be considered to be the primary factors determining
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the quality of the PAR at the Beijing station. For the first 6
months of 2010 the quality of the surface albedo data of B eijing
station is not good; thus the quality of the overall products was
reduced. However the quality control system is relatively rea—
sonable and can reflect the quality information of the products

objectively.
5 CONCLUSION

Some methods of quality control for the remote sensing prod—
ucts were presented in this paper; for example the quality of the
complicated PAR products can be controlled through the quality
designation system and a preliminary evaluation of the PAR can
be obtained depending on the data of the meteorological radia—
tion station. The evaluation results indicate that the product
quality evaluation system could classify the level of product qual-
ity reasonably and has the ability to assist in identifying product
data and analyzing the error sources in products thus making it
more convenient for users and researchers to use the product.

Uncertainty in quantitative remote sensing products has
many sources and many imperfections or unconsidered factors
may be discovered. Nevertheless considerable research remains
devoted to continuously developing and improving the methods of
quality control. The problem of geometric registration between
the different remote sensing images will generate errors in the f
inal results; however but the present study did not analyze the
reasons for these errors. A further analysis will be implemented
in the later study. A detailed quality assessment will be per—
formed in this later study, in addition complete inspection of
the quality control system and analysis of the accuracy of prod-
ucts will be more convenient. This paper only used the data from
the Beijing station to evaluate the quality of the PAR and many
imperfections in the quality evaluation and the quality ¢ ontrol

methods for PAR products remain.
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