
1 3 Ï

2018 c 5 �

uÀ���ÆÆ�(g,�Æ�)
Journal of East China Normal University (Natural Science)

No. 3

May 2018

©©©ÙÙÙ???ÒÒÒ: 1000-5641(2018)03-0146-11

ppp111ÌÌÌùùù			&&&ÿÿÿ¤¤¤§§§���ÝÝÝ+++���333uuuÀÀÀ///«««���
ýýý¢¢¢555uuu���

�äT1,2, 4òS1,2, 4�^1,2, o�93

(1. uÀ���Æ /n&E�Æ��Ü­:¢�¿, þ° 200241;

2. uÀ���Æ /n�ÆÆ�, þ° 200241;

3. %dx(�Æð&Ö©� �m�Æ�ó§¥%, %dx(ð&Ö 53706, {I)

Á�: ¥(p1Ìù	]��Jøp��©EÇ�§�Ý+�&E, ´ê�Uíý��ª­

��êâ
. p1Ìù	�í&ÿ¤�§�Ý�¬]���þ��Ú*ÿØ�£ã´ÓzA

^�J�'�. &�]�´é§�ÝR�&E���ÿþ, äk�p°Ý, 
ÓÏ\�&�*

ÿ(�®�14:00)äk�AIRS(Atmospheric Infrared Sounder)¥(L¸�m����`³, �

±�Ð/�y AIRS �ü�+��¬°Ý. ïÄÀ�¥IuÀ/«, |^ 2015 cgG�\�

&�]�� AIRS �ü�¬?1����?n. ïÄ(JL², AIRS �ü�§Ý+�°Ý

�p, �N RMSE ©Ù«m�[1.02 ◦C, 2.49 ◦C]; 
�Ý+��Nþ¥y$� Zp� �

y�, RMSE ©Ù«m�[12.91%, 23.43%]; AIRS Ú AMSU(Advanced Microwave Sounding

Unit)éÜ�ü�¬¥, �X�CX���O\, §�Ý+��ü°ÝÅìü$, ��Nþ�,

�y�½°Ý, Ù�ò5mÐk�CX^�e�¥(]�ÓzA^Jø�â.

'�c: AIRS; §�Ý+�; &�]�; uÀ/«; �CX

¥ã©aÒ: P414.4 ©zI�è: A DOI: 10.3969/j.issn.1000-5641.2018.03.016

Validation of temperature and relative humidity profiles with satellite

hyperspectral infrared sounder over East China

GU Ya-ru1,2, LIU Yan-An1,2, LIU Chao-shun1,2, LI Zheng-long3

(1. Key Laboratory of Geographic Information Science (Ministry of Education),

East China Normal University, Shanghai 200241, China;

2. School of Geographic Sciences, East China Normal University,

Shanghai 200241, China;

3. Space Science and Engineering Center, University of Wisconsin-Madison,

Madison WI 53706, USA)

Abstract: Satellite hyperspectral infrared data provide high temporal and spatial

resolution information on atmospheric temperature and humidity profiles. They are

ÂvFÏ: 2017-07-13

Ä7�8: I[g,�ÆÄ7(41601469); þ°½���ïOy�8(15dz1207805); þ°½í��E

éÜ¥%Ü�Ä7(LHZX201601)

1��ö: �äT, a¬ïÄ), Ì�l¯¥(]��þ��ÚÓzïÄ©

E-mail: guyaru1993@163.com.

Ï&�ö: 4òS, Æ¬, Ì�l¯¥(]�Óz9A^ïÄ©E-mail: yaliu@geo.ecnu.edu.cn.



1 3 Ï �äT, �: p1Ìù	&ÿ¤§�Ý+�3uÀ/«�ý¢5u� 147

important data source for numerical weather prediction models. Quality control of the

data and correct characterization of observation errors are key to the successful application

of assimilation. The radiosonde data is a direct measurement with high precision, which

can be used to validate satellite retrievals. During the flood season of East China, high

density radiosonde observations provide a valuable opportunity to examine the quality and

quantify the error of Atmospheric Infrared Sounder (AIRS) retrieved products, both of

which have a similar observation time at 14:00 Beijing time. This study focuses on East

China during the summer of 2015. Results show that the AIRS retrieved temperature

profiles are in good agreement with the radiosonde data, whilst the AIRS retrieved relative

humidity profiles show the phenomenon of wetter in higher layers and drier in lower layers.

The RMSE difference of temperature and relative humidity range from 1.02 ◦C to2.49
◦C and from 12.91% to 23.43%, respectively. Under the AIRS and AMSU (Advanced

Microwave Sounding Unit) joint inversion products, the accuracy of retrieved temperature

and humidity profiles are gradually degraded with the increasing number of total cloud

fraction, but the results maintain a certain accuracy as a whole. This study provides a

basis for the satellite data assimilation application under cloud cover.

Keywords: AIRS; temperature and humidity profiles; radiosonde data; East China;

total cloud fraction

0 Ú ó

¥(p1Ìù	]��Jøp�m©EÇÚp°Ý�§�ÝR�&E, ´é&�]�

3�mÚ�m��þ�­�Ö¿, Ù��½m�ÓzA^kÏuU?ê�Uíý�Y². �

â�¥õ�ê�Uíý�¥%��w, Òü�¤ìé�ª�zÇ
ó, p1Ìù	&ÿ¤é

Ózý��JK���[1]. ,
, 3k�ÚüY�^�e, �ü°Ý¬É�é�K�. Ïd,

��Ð/|^¥(êâ, °Ý�yc�­�. �í&�¢ÿêâ(RAOB)´µd�ü�{°

(5�­��â��.

8 c, 3 ; ó � � p 1 Ì ù 	 & ÿ ¤ k AIRS(Atmospheric Infrared Sounder)!

IASI(Infrared Atmospheric Sounding Interferometer)!CrIS(Cross-track Infrared Sounder)±

9·Ifu�� FY-4A, �öÄg¢y3·�¥(þ�1Z�ª�íR�&ÿ¤(GIIRS)[2].

AIRS íÿºÝ��m©Ù´ IASI �ü�, Pk1»1Ì¤[3], AIRS u 2002 c 5 �3 NASA

� Aqua ¥(þC1u�. Aqua ¥(l 705 km pÝ���ÓÚ;�$1, zU�3 1:30

Ú 13:30(�®�m, eÓ)L¸¥I, �\��í&�¢ÿêâ��ûÐ, AIRS (Ü�Å&

ÿì(Advanced Microwave Sounding Unit)Ú�Ý&ÿì(Humidity Sounder for Brazil)$1.

AIRS �k 2 378 �1ÌÏ�, (e:©EÇ 13.5 km, �±JøpR�©EÇÚp°Ý��

í§�Ýn�(�.

�â Nalli �[4]ïÄ, íM�¹þ�U¬Úå6Ä, K�ù	1ÌË�, é AIRS �ü�

)Ø|�K�. c<�é AIRS �ü�§�Ý+��°Ý?1Léõ�y. Divakarla �[5]u

y, AIRS �ü�§ÝÚYð+��&�*ÿ��'5éÐ. Tobin �[6]¦^lUþ�íË�

*ÿÜ�(ARM)Jø��Zýÿ��uy, ��^�e, AIRS �ü�§ÝÚYð+�39

�°�þþLyÑéÐ�°(Ý. p©u�[7]rAIRS �ü�§�Ý+��¬�I[í�¥

%ê�ý��¬ T213 ?1'�, uy§Ý�É��3 2 K ±S, �Ý�É��3 25%±S,
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¿ò¾���§�Ý�¬�\¥ºÝ�ª¥, U?
�ªÐ©|. Á©f�[8]ò*ÿ]�©

O^��À|uÿ�YÚ��Ï�uÿ�Y?1�uÿ, O\
]��¦^Ý.

�´, �c'u AIRS §�Ý+���y�õê3�¥��½þ�e=¡�°�þ�,

é�À�e=¡E,�Û/«m. uÀ/«�þp, íM�¹þp, �
á�+��¬3Ø

Ó«��°Ý��¥��É, ©ÛE,�e=¡´Ä¬é AIRS �ü�)K�, ïÄ AIRS

�§�Ý+�3uÀ«�°Ýék7�. 8céuk�«�, |^��ØEâ������

Ë�, ¢y
�þk�CX«�]���üA^. Ïd, ïÄuÀ/« AIRS §�Ý+��

°Ý, k|u?�ÚïÄk��¹eÓz AIRS +�]�é©Û|Úý�|�K�.

�©æ^eÌ 14 ��\�&�¢ÿêâ, � AIRS L¸�m��C, �±�O(/�y

AIRS 3uÀ«�°Ý. ïÄÀ�uÀ/«� 17 �&�Õ:, Äk?1
eÌ 14 �\�&�

]�Úp1Ìù	]� AIRS ���5��, ,�±uÀ/«üU�~, ?1ØÓÕ:�§

�Ý+�'�; �Xò AIRS �ü�n����í§�Ý+��êâ�&�êâ?1é',

ÏLÑ:ãÚz��g�m� Bias Ú RMSE 5�y AIRS �¬(V6.0)��N°Ý; ��, �

âØÓ�CX&Eé§�Ý+�� �?1'�, ±©ÛØÓ�þé§�Ý+��ü°Ý

�K�.

1 ]�Ú�{

1.1 \�&�]�

ïÄÀ�uÀ/«�8I«�, T«�<�²L�Ýp, �íÀ/î­, �º!���

g,/³K�âÑ. Xã 1 ¤«, ïÄ«CX�� u 23◦N¨37◦N, 115◦E¨122◦E, �ºX

þ°!ô�!úô!ìÀ!4ï!S !ôÜ� 17 �&�Õ:. �'u¥(*ÿ��üO

ã 1 uÀ/«&�Õ:©Ùã

Fig. 1 Distribution of radiosonde stations in East China
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�, &�]����*ÿ, (J��, °Ý�p, ���^u¥(�í+��¬°Ýu�Ú�

þ��L§.

du=3gGÓÏk\�&�êâ, ��ïÄÀ� 2015 cgG(6¨8 �)zF 14 ��&

�*ÿêâ, Têâ� Aqua ¥(�/L¸�mA���. Xã2¤«, �kH�!4²!�

�!�ì!è²ù 5 �Õ:kêâ�Uê3 80 d ±þ. duf�!M²!d{!Ù£!J

¤!��ù 6 �Õ:Ã&�\�êâ, ¤±©Ù3µ�§�Ý�ü+�°Ý�, ¿��Äù


Õ:]�.

ã 2 uÀ/« 17 �&�Õ: 2015 c 6¨8 �Ïm 14 �*ÿ��ê©Ù

Fig. 2 The distribution of the number of observed samples at 14 o’clock in the period from

June to August 2015 at 17 Radiosonde observing stations in East China

1.2 p1Ìù	�í&ÿ]�

8c, AIRS �ü�§�Ý+��¬«a�õ, ��ÖA^Ì�± AIRS Ú AMSU KÜ

�ü�¬�Ì, =�ïÄ¦^� AIRX2RET �¬(e©{¡� AIRS �¬), ©EÇ� 50 km,

KÜ AMSU ]��O\
�þk�CX«�]���ü. Aqua ¥(zUL¸üg, �Ä�

\�&�*ÿ]���m�eÌ 14:00, ïÄÀ�xUL¸]�. ïÄÀ��#� V6 ���

¬, �âêâ¦^`²[9], 3é V6 �¬��þ���, ¦^ 0 L« PBest êâ, ¿�T��

+���í�ºêâ�þ�Ð; ^ 1 L« PGood êâ, ¿�+�3 PBest �ê�ek�Ð�

�þ; ØU¦^�êâ^ 2 L«. �©À^�þI�� PBest Ú PGood �êâ.

1.3 ]�?n�é'�{

�k�u� AIRS §�Ý+��¬°Ý, Iò\�&�]���m!�m �!R��

Ú�Ýü � AIRS ?1����5?n.

AIRS L¸uÀ/«�m��´l 12:35 � 15:35, �&�]� 14:00 *ÿêâ���m

�� ±1.5 h. T'�3�m��þ`u Divakarla �[5]mÐ� AIRS §�Ý+��¥°Ýu

�±3h �mI�.

&�*ÿ�§�Ý+�]����~5*ÿíØ�(IO�), l/¡� 100 hPa, 


AIRS �¬§Ý+�� 28 �, l 0.1 hPa¨1 100 hPa, �Ý+�� 14 �. �(�üö3R�

�?1O('�, §ÝÀ��k� 1 000 hPa!925 hPa!850 hPa!700 hPa!600 hPa!500

hPa!400 hPa!300 hPa!250 hPa!200 hPa!150 hPa Ú 100 hPa � 12 �, �ÝÀ� 1 000

hPa!925 hPa!850 hPa!700 hPa!600 hPa!500 hPa!400 hPa!300 hPa!250 hPa Ú 200
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hPa � 10 ��'�©Û. Ó�, 3�m �þ, �â&�Õ:²�Ý, é AIRS ]�æ^��

C:���{, ïÄ¥vk�Ä&�í¥3p�� �¤£K�.

2 °Ýu�Ú©Û

�©Äk± 2015 c 7 � 28 F�«~, �[©Û'�
 AIRS �ü�§�Ý+��&�

]���É. �F�k 5 �Õk&�êâ, ©O�H�!è²!��!�ìÚ4²Õ. Xã 3

¤«, ò&�Õ: �� MODIS(Ù� AIRS �Ó�1u Aqua ¥()ýçÚã�?1U\w

«, �ã©Ù�ß�E, z�Õ:�CX&Ek¤ØÓ, ��*�äUí^�é AIRS §�Ý

+��ü°Ý�K�.

ã 3 2015 c 7 � 28 F&�Õ:� MODIS ýçÚã�U\w«ã

Fig. 3 Radiosonde stations and MODIS true color image superposition on 28 July 2015

Xã 4 ¤«, (a)!(b)!(c)!(d)!(e)©OL«H�!è²!��!�ì!4²Õ:, Ù

¥, 7Ú�´ AIRS §Ý+�êâ, ùÚ�´&�*ÿ. lã¥�±wÑ, 3é6§¥p� 

� AIRS §Ý+��&�êâ�Éé�, Ä���; 
3é6�¥�±e�3 2 ◦C ±S�

Ø�, AIRS §Ý+�Ly� e; oN5`, AIRS §Ý�ü�¬äk�p°Ý, T(Ø�

Wu[10]ïÄ(J��. ã 5 �üö�Ý+�ã, �&�êâ�', ²þ
ó, AIRS �Ý+�3

é6�¥$� Z, 
3¥p� AIRS Ly �, �U´&�êâ3é6�¥p��3�é

�Ý*ÿ Z�y�[11]; AIRS �Ý+�3R�Czþ'&�]��ª²­, =ò5&EN

yØv; Ó�uy, &�]�3 925 hPa �é�Ý�� 80%�, üö�3� 20%� �, AIRS

�ü�Ý²w Z. � Wu[10]�Ñ�(Ø��, AIRS �ü��é�Ý3 700 hPa Ú 900 hPa

�mLy� Z�, Ø
H�Õ:±	, Ù{o�Õ:�_§�¿��üÑ. 2(Üã 3 �
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ã 4 2015 c 7 � 28 F&�Õ:Ú AIRS êâ§Ý+�'�ã

Fig. 4 Comparison of temperature profiles between radiosonde stations (red) and AIRS retrievals

(blue) on 28 July 2015

ã 5 2015 c 7 � 28 F&�Õ:Ú AIRS êâ�Ý+�'�ã

Fig. 5 Comparison of relative humidity profiles between radiosonde stations (red) and AIRS

retrievals (blue) on 28 July 2015
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Uí/³©Û, uyè²Ú4²Õ:�§Ý!�Ý3C/�êâ"�, �U´du�þ�

ìCX��C/��ü°Ývk���þ���¦; �'uÙ¦Õ:, H�Ú��Õ3 400

hPa pÝþ�é�Ýk²wO\, éì�ã©Û�UÉp�ò�K�, AIRS U�Ð/�üÙ

O�A�.

Äu 2015 c 6¨8� AIRS ���g�§Ý+��&�*ÿ�ÚO©Ûuy(�ã 6), ü

ö§Ý+�'���, �'Xê�L 0.99, RMSE �� 1.4 ◦C, ù�(J� Pu �[12]�ïÄ(

J��. 
*	ã 7 �±uy, AIRS �ü��í�Ý+��&�*ÿ�É��, lÑÝ�é

�, RMSE��
 15.44%, AIRS �ü��í�Ý+� �. ù� Pu �[12]�'k
ØÓ, �

U´Ï� Pu �[12]�ïÄ±°¡�9�í^��â, ïÄ«�3°þ, 
�©ÄuuÀ/«,

E,�e=¡d3O\
 �. Chahine �[13]3'�
 AIRS �¥üYYð+�Ú&�êâ

�, ���
²L�?n��¡þêâ� RMSE ��'º/�?n��êâ� 10% �m�

(Ø.

ã 6 AIRS �í§Ý+�Ú�����&�*ÿÑ:ã

Fig. 6 Temperature scatterplot of AIRS retrievals and radiosonde stations

�
��[/'� AIRS �&�¢ÿ��É, L 1�Ñ
üö3z��êâ���ê,

±9 Bias Ú RMSE. �âL 1 �±uy, AIRS §Ý+����5�Ð. ¤k�g� Bias �

�3 [–0.88 ◦C, 0.51 ◦C] �m, Ã²wCz5Æ, êâlÑÝé�, ¿�§Ý+�� RMSE þ

�±3 [1.02 ◦C, 2.49 ◦C]�m. RMSE ��� 2.49 ◦C Ñy3 1 000 hPa, Ì��UduC/

¡�§ÝCzì�, /Lëê�Ø(½¤�[14]. Ø 1 000 hPa 	, Ù{ 11 ��g� RMSE ²

þ�� 1.33 ◦C. 3 700 hPa ?, §Ý+��¥(�ü��&���', RMSE �u 600 hPa

Ú 850 hPa þeü�A5�, ù� Divakarla �[5]uy�y���. Ú§Ý+��', AIRS �

&�êâ��é�Ý+�3¤k�¥þ�3é��É. Ù¥, Ø
 200 hPa Ú 925 hPa ±9

1 000 hPa � RMSE 3 20% ±S, Ù{�g� RMSE Ñ©Ù3 20% ±þ. �é�Ý� Bias

3 600 hPa 9±þþLy���, 600 hPa ±eLy�K�, `² AIRS ��é�Ý3é6



1 3 Ï �äT, �: p1Ìù	&ÿ¤§�Ý+�3uÀ/«�ý¢5u� 153

�¥p� �, 3é6�¥$� �. ùp�5¿�´, 1 000 hPa pÝ� RMSE ��, ù�

� Divakarla �[5]'� AIRS Ú&�êâ���(Ø��. �é�Ý� RMSE ��3[12.91%,

23.43%]�m, �±325%±S.

ã 7 AIRS �í�Ý+�Ú�����&�*ÿÑ:ã

Fig. 7 Relative humidity scatterplot of AIRS retrievals and radiosonde stations

LLL 1 2015 ccc 6—8 ��� AIRS ÚÚÚ&&&���êêêâââ���§§§���ÝÝÝ+++���°°°ÝÝÝ'''���

Tab. 1 Temperature and relative humidity differences between AIRS retrievals and

radiosonde observations from June to August 2015

�ê §Ý §Ý §Ý �é�Ý �é�Ý �é�Ý

/(hPa) Bias/(◦C) RMSE/(◦C) ��ê Bias/% RMSE/% ��ê

100 0.23 1.44 347 ª ª ª

150 –0.88 1.42 348 ª ª ª

200 –0.07 1.02 344 10.34 18.26 344

250 0.06 1.17 336 12.90 21.90 336

300 –0.20 1.05 334 14.05 23.22 334

400 –0.21 1.19 320 7.31 21.28 320

500 –0.06 1.24 309 3.79 22.52 309

600 0.17 1.25 298 1.44 22.77 298

700 0.51 1.50 289 –7.91 23.43 289

850 –0.26 1.39 265 –12.13 23.24 265

925 –0.57 1.93 265 –10.36 18.80 265

1 000 -0.77 2.49 129 –1.03 12.91 128

�âþ©ïÄ(J, �©é AIRS §�Ý+�3��ÚØÓ�CX^�emÐäN�°Ý

u�©Û. Äk, ò�CX�¹©�oa. r��½Â��CX(total cloud fraction)�u 10%,

Ï�3 50 km×50 km ��S�yýé��, A�vk���±¦^, 
�éu10%±S�CX

é�ü°ÝK�k�[15] . ��½Âk��CX� 10%*40%, ¥�½Â� 40%*70%, õ�½Â

� 70%*95%(�Ö¥éu�CX�u 95% ��¹þØ�ü). ,�?1°Ý'�©Û. éo«Ø
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Ó�CX©a� AIRS Ú&���§Ý��Ó'?1ÚO, ©O� 7.5%, 22%, 29% Ú 41.5%, é

A��é�Ý��Ó'�§ÝêâÄ���. lã 8 §�Ý+� Bias ©Ù�±wÑ, éuØÓ

�CXa.e, §Ý+� �¿vk5Æ5�É, 
�Ý+�3¥$�²w�3��� �, =

AIRS �Ý�ü Z, ¿��X�CX'~�O\
 �O�. lã 9 � RMSE ÚO(J�±w

ã 8 o«�CX©a�¹e�§�Ý Bias ©Ùã

Fig. 8 Distribution of bias of (a) temperature and (b) relative humidity profiles between

radiosonde observations and AIRS retrievals under different total cloud fractions

ã 9 o«ØÓ�CX©a�¹e�§�Ý RMSE ©Ùã

Fig. 9 Distribution of RMSE of (a) temperature and (b) relative humidity profiles between

radiosonde observations and AIRS retrievals under different total cloud fractions
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Ñ, �'uÙ¦pÝ, C/��§Ý RMSE ��, 
�é�Ý��. éuØÓ�CX�¹e, Ø


��+�, Ù¦n«a.�§ÝÚ�Ý RMSE Ä�´�X�CX���O\
O�. `²�

CX��3�½§Ýþ¬ü$§�Ý+���ü°Ý, cÙ´3õ��¹e. l Bias Ú RMSE

Ñ�±wÑ, é�Ý+��ü°ÝK�²w, ù�U´Ï��ü¥"yé�/¤v(�9L§�

O(£ã. éuÚO(J¥, ��«�ü°ÝLy���U�Ï���êk�, � 16 �, (J"

y�L5Ú­½5. 
� 1 000 hPa pÝþk 15 �� PGood, ����ÚO(JØ���.

3 (JÚ?Ø

�©ÏLÀ� 2015 cgGuÀ/«� AIRS §�Ý+�]�����\�&�]�, u�

AIRS §�Ý+��¬�N°ÝÚØÓ�CX�¹e��ü°Ý�É, ��
Xe(Ø.

(1) AIRS §Ý+��ü�¬�N°Ý�p, z��g� RMSE þ©Ù3[1.02 ◦C, 2.49
◦C]�m; 
�Ý+��&�*ÿ�3���O, �Nþ¥y$� Zp� �y�, RMSE ©

Ù«m�[12.91%, 23.43%].

(2) Äu AMSU �Bß���A5`³, AIRS � AMSU KÜ�¢y���CX��S�

]��ü; �X�CX��O\, §�Ý+��ü°ÝÅìü$, ��Nþ=¦éu¥õ��¹

e, Ù�,�y
�½�ü°Ý.

I�`²�´, du&�]�´Äu:*ÿ, 
 AIRS �ü�¬´ 50 km×50 km �¡��

L, üö�m��'�, �U¬Ï�L5Ø��)Ø�����~, ò5�I(Ü�p©EÇ�

MODIS ��¬?1�\[z'�©Û. Ó�, ±��ïÄ¥�A?�Ú©ÛØÓ�°�ü°Ý

�É, ½þ£ã�ü°Ý�mCzA�. �©Ø=� AIRS �ü+�]�ÓzA^C½
�þ�

�Ä:, Ó��mÐ·IgÌïu�p1Ìù	&ÿ¤]�A^ïÄJø�Æë�.

�� a�þ°½í�Ûí��¸ïÄ¤w�wÆ¬��©ïÄJø\�&�]�.
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