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Abstract: The complex terrain characteristics of mountainous areas can increase the estimation error of

HEEWHE: HEERFAES (42075132)

EEE Y B (1998-), L, W E N, w7k, £ EMFH KRR S, E-mail: 212004010025 @home.hpu.edu.cn
SIHEN: E IR (1986-), T TN, L, B, WA S, R B KR T FE . B-mail: ms.h.wang @cumt.edu.cn
Wi EHR: 2022-10-13; &K HAHA: 2022-12-16

“BIEEE.



340 KA E B ¥ %R 18 &

surface reflectance, reduce the accuracy of land-atmospheric decoupling, and then affect the accuracy of
aerosol retrieval. Currently, the widely used retrieval methods include the dark target algorithm (DT) based
on the band relationship to estimate the surface reflectance, the deep blue algorithm (DB) based on the
regional surface reflectance library, and the generalized retrieval of atmosphere and surface properties
(GRASP) algorithm based on the bidirectional reflectance distribution function (BRDF) and bidirectional
polarization distribution function (BPDF) model to estimate the surface reflectance. To explore the land-
atmospheric decoupling methods suitable for aerosol remote sensing in mountainous areas of China, the
accuracy and applicability of GRASP aerosol optical depth (AOD_G) of polarization and directionality of
the earth's reflectances (POLDER-3), DT aerosol optical depth (AOD_DT) and DB aerosol optical depth
(AOD_DB) of moderate resolution imaging spectroradiometer (MODIS) in China from 2005 to 2013 were
compared and analyzed using AErosol RObotic NETwork (AERONET) aerosol optical depth (AOD_A).
The results show that the overall correlation between AOD_G and AOD_A at non-mountainous sites is the
highest (with correlation coefficient R = 0.921), and the overall accuracy of AOD_DT and AOD_DBis not
much different. However, the proportion of AOD_G higher than the expected error in mountainous areas is
79.87%, and the overestimation proportion of AOD_DT and AOD_DB increases by nearly 30% and 20%,
respectively. Seasonal validation at two mountain sites, Xinglong in Hebei Province and Seimi-Arid
Climate and Environment Observatory of Lanzhou University (SACOL), shows that the accuracy of all
three satellite products tend to decrease in the autumn and winter seasons when the vegetation cover is low,
indicating that the mountain topography can affect the accuracy of land-atmosphere decoupling after
removing the influence of surface vegetation on reflectance. Further analysis shows that the mountainous
terrain has a great influence on the land-atmosphere decoupling method based on BRDF and BPDF model.
The multi-angle observation of surface band relationship is more conducive to accurate estimation of
surface reflection over undulating surface such as mountainous areas, while there is no significant
difference of estimating surface reflection between BRDF/BPDF models and band relationships in urban
areas. The results provide a new direction for further optimizing the multi-angle observation (such as

Gaofen-5 DPC) aerosol retrieval algorithm in mountainous areas.
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Table 1 Effective data time range of 25 AERONET sites

Valid data time range with AOD_ Valid data time range with AOD_ Valid data time range with AOD_

Site

DT (number of data )

DB (number of data )

G (number of data )

Beijing*
Beijing-CAMS*
Dunhuang LZU
Hangzhou-ZFU

Hefei*
Jingtai
Kaiping
Langtang#
Lanzhou_City*
Liangning
Lulin#
Mingin
Muztagh_Ata#
NCU_Taiwan*
NUIST*
PKU_PEK
QOMS_CAS#
SACOL#
Shouxian
Taipei_CWB*
XiangHe
Xinglong#
Yufa_PEK
Zhangye
Zhongshan_Univ*

2005.01.18—2013.11.22 (658)
2012.08.04—2013.06.27 (83)
2007.08.13—2007.11.11 (24)
2005.11.17—2008.11.20 (43)
2008.04.28 (1)
2008.10.22—2008.11.15 (7)
2009.04.24—2009.04.28 (3)
2009.10.02—2009.11.07 (9)
2005.04.07—2005.07.03 (20)
2006.09.29—2013.12.02 (95)
2011.08.04 (1)
2005.03.06—2013.07.11 (156)
2010.03.11—2010.04.05 (8)
2006.08.15—2008.08.27 (16)
2010.10.13—2013.12.04 (61)
2006.07.28 —2012.08.10 (335)
2008.05.16—2008.12.24 (36)
2005.01.17—2013.12.08 (206)
2005.01.13—2013.12.31 (766)
2006.03.14—2012.05.01 (278)
2006.08.16—2006.09.09 (11)
2008.04.29—2008.06.16 (8)
2011.11.02—2012.04.26 (26)

2005.01.02—2013.12.31 (1229)
2012.08.04—2013.06.27 (108)
2012.04.04—2012.04.26 (10)
2007.09.07—2007.11.14 (17)
2005.11.17—2008.11.20 (53)
2008.02.28 —2008.04.30 (21)
2008.11.10—2008.11.15 (5)
2009.04.24—2009.04.28 (3)
2009.10.02—2010.03.13 (42)
2005.04.07—2005.06.24 (26)
2006.11.10—2013.12.01 (46)
2010.05.26—2010.06.17 (4)
2011.06.20—2011.10.13 (5)
2005.03.06—2011.11.28 (78)
2010.03.07—2010.04.05 (14)
2006.08.15—2008.08.27 (16)
2010.11.05—2013.12.31 (71)
2006.07.28 —2012.08.10 (681)
2008.05.16—2008.12.25 (46)
2005.02.15—2013.12.03 (58)
2005.01.03—2013.12.31 (1298)
2006.02.19—2012.05.01 (615)
2006.08.16—2006.09.09 (11)
2008.04.12—2008.06.16 (20)
2011.11.02—2012.04.26 (28)

2005.03.27—2013.08.18 (341)
2012.08.21—2013.06.26 (13)
2012.04.07—2012.04.27 (5)

2007.10.16—2007.11.08 (2)
2005.11.28—2008.03.10 (14)
2008.03.01 —2008.04.28 (9)

2008.11.15 (1)
2009.04.24 (1)

2009.10.13—2010.01.16 (11)
2005.05.02—2005.05.26 (3)

2006.10.06—2013.01.18 (8)

2010.05.19 (1)

2011.07.21—2011.09.07 (4)
2006.09.25—2013.03.06 (12)

2010.03.11—2010.03.13 (2)
2006.08.15—2008.08.24 (5)
2010.10.10—2012.11.06 (54)

2006.08.05—2012.04.26 (189)

2008.11.03—2008.12.14 (5)

2007.01.29—2012.10.19 (9)

2005.03.27—2013.08.30 (337)
2006.02.19—2012.04.16 (201)
2006.08.19—2006.09.09 (3)
2008.04.24—2008.05.19 (6)

2011.11.28 —2011.12.25 (3)

T #ARFRINIX s #AR I X —Fon T

%2 1:10000 375 B #0785 £ A X 9 A7 A

Table 2 1:10000 topographical map topographic classification standard

Terrain category Slope/(°) Elevation difference/m
Flatland <2 <20
Hilly land 2~6 20~150
Mountain 6~25 150~500
Alpine >25 > 500

Inz, (2) = a+blna+c(Inl)’,
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Fig. 4  Validation results of aerosol products in different seasons at Xinglong site. (a) Spring; (b) summer; (c) autumn; (d) winter
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BRDF model in mountainous areas; (b) simulation of polarized reflectivity using BPDF model in mountainous areas; (c) simulation
of non polarized reflectivity using BRDF model in urban; (d) simulation of polarized reflectivity using BPDF model in urban;
(e) simulation of non polarized reflectivity using wave relationship model in mountainous areas; (f) simulation of polarized

reflectivity using wave relationship model in mountainous areas; (g) simulation of non polarized reflectivity using wave relationship
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model in urban; (h) simulation of polarized reflectivity using wave relationship model in urban
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