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Abstract The most fundamental question driving the search and characterization of exoplanets

is whether life and habitable planets are ubiquitous. More than 3000 exoplanets have been discov-

ered since 1995, about 20 of which are potentially habitable and this number could be increased

dramatically in the next decade. Observation of the atmospheres of potentially habitable exoplanets
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is becoming the hot spot in planetary sciences. In this review we summarize the research progress

regarding exoplanetary atmospheres and propose a practical roadmap, the implementation of which

could accelerate the development of exoplanetary sciences in China in the near future.
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������(!) . ! �""�#� !�
�����$!",��#$#�����*��$
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�* !���) '-,%!# $'&%.
" &'��(:�!&&'&(/!���)�(
"#)�0'#(���Æ* !�������
!���;�!&&'&)*"!') $)���
+%��,-&*��Æ� !*!�* ���
���!���,"(%�Æ,'�1*2+�* 
$.34+#�$/��++%#&&%!%,5
,'�-&./�� * !����(!) �0
4'((�))���56�("+., 14*/'
( 2��.�3-�&4/'.

+����*���$%����%��!&
&���#��$7,#$&5&.)����, 6
!����%��, 7/!���* , * !��
��(0, * !���-�%(��. 20  ��
!����Æ, */1*�!����.,��8.

#/�Æ�!����)%0 2000 +, �2,)1
)$%�8����80�* [2]. (�(!3�Æ
!����4423(+9,.3 (Radial Velocity,

RV)�:�3 (Transit) �-7-.93 (Microlens-

ing) #. +9,.3 [3] /0)���":�,.�
7-1�%7��:�421..;<��Æ!�
��, � 5�Æ!����23, !/23"�/
)-3��:�!�!���*(;,.�06!/
237�5(���/�&0,'��;5��6/
�401). :�3 [4] /0)���'0:��
)�8&4 (:�0<) 92�:�4.=7��Æ

!���, ��(�Æ!��� 1�23, !/2
3"�>)-3��:�!�!���*(;, 58
�"6')�8�1���:�0<���!2)
�3?(0. -7-.93 [5−6] /0)���"
4@��4=%92�7-.9;<��Æ!��
�,06!/23�9?:�;:!����2A�
�,58�+$"�%�Æ�!���*�*'5)
�. ! �'>.���23�$�#, 2013 3"
;!�6412<3/?<37<�5+9 (ALMA)

�9/0)�=��7�B=�;#�����. >
C2@3�$D����:�/82@ [7], �(0
6�23%�Æ�!���)�(0, '340�)
6/���!8��.���/3/0)���":
�(0���-3A�7-1���Æ!���, �
(9606�23�Æ�!���, ESA� GAIA[8]

�2 #�?)2� STEP AE7$�23. ��
�Æ!����231(49�A&3�4�>:
3#.

��* 8�(�!���) �;8��&
'. * 8;:�$%"��1+8��:5�6
4?@5�@;<..�() ,*/58( [9]: <
F!3���%A�9'�������, !$��
* 8�) �-)<.-B7$�����) ;

C:# (AD) ���������=4;<, 'B
*/;<;#(AE��>8$%�!���63/
02C23��;* ����&D6<E���!
������%G5F���%�(<. �$9#,

�((!) 7"�����.?$FH�(%�
�,"� !=G!������������) 
>044!B���*C:#���>8���$
% [10−15].

� !���$/!!����!8���@
��?!, )�(�!���B:AI�6/ABC
�@�J7G.G()D"<�?! [16]. H:�
�)A�AD#��;, /C/!, C:#�!��
� (D6!442/�J7�HB���) >8�B
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'=D������C��/��+@�5(�I
D<$(!,/��("* !����/�D6�
�/�+�@�5(�IDJ���C!���. .
E$!+�D6�+�;5#�,9>5(!���
)��1?,(&D!+���E!I@* !��
� (potentially habitable exoplanets).

����0AFF=���6/1)����
/�AI�<.$�*'��!22�*��&4�
!!#,!>AF�$/0!�����Æ�)J)
�;5 [17]. !�����Æ��0AF>B(G$
#DI@* !����(0,.�/1!>���
* 834/8���=0AF,?E���=0B
=�2/�>8FG ()A�AD�HBF#) �2
/�C������-�H:#. !����=0B
=��>C)�,.�$�5(�0AF)BK�;
@DKA;5.)�!���>8�AB/H34)
K5+9$<L64/I5 [18], E$("#)�0
'E>� 10∼20 =�!���>8FGAF>B
#*$)A)�, /�!���)A���* 8�
��LM�) D5(�)�*. �FH:&(!
���)A��) * ,/0"��* 8���
LM#(!�����/M,�2 >�(��� 
�)�N�� 29<#�LO.

1�PGQRJGNKICDSE

1.1 *+,-./0
F O6O�G (NASA) 2009  �D��.

.��/0:�)�3� 2014  #D#/�Æ�
J 1000 +!���. !����.,��,"PQ
/*, .#/�Æ�I@* !���-H. MR?
1�..!���NT�SKI@* !����
;<, ./!�..!���)1��?+, 63#
/���, /�8K 2015  9 LI@* !���
)�0J 20 +. !>I@* !���L��TI
�$> 1 (*&�#�� !� 4 +!���). ��
FMU8U)M�Æ�3H�* N=�!���,

!'�ÆD���)�O, 2��.)�!��
�)A�) 5V [19].

F �JNJ,AE�D64�����*'
5�ÆI@* !��� (P> 2). NASA '28
AE06Æ(��..���Q/8H16/*'

"$ 27 ��!���, I'28OO� 2017  �
D TESS �� [20] �4�HIJ�*&�6/*'
"$ 10��!��� (TESS� < 2%��K�$�
�(6/*'"$ 100 ��!���). !K&N�
��&!���H1N�'�, ?AD� 2020  &
(�Æ%0'L+�/� 1.6 P���/�AJ�
�/&4�"�/!��� [17], '!>!���,
!>�!���)A)�<E��. �� NASA ,
'�D��..��Æ�>0�6, K0/!LLM
M����B&4Q;WDP9,��6$�Æ!�
 :�*&�* ��,.>0(���ÆRR�*
&�* ��, !'"E! K-2 �N�#�*�2.

JNO6O�G (ESA) '28�NMK!AE
$ 2017  �D CHEOPS �� [21], �44���
�(K&: '��06+9,.3,'�Æ�!�
��!22�Æ:�Æ%, +'S#�D�)"�
<.; X�"06�&:�)��Æ�!����
@�*�*LS.�)�, +'�Æ�*&�"�
/!���. CHEOPS D�Æ�!���G,!>
�!���)A)�<E��. I'28 ESA ?A
D$ 2024  �D PLATO2.0 �� [17]. MR PLA-

TO2.0 �����23� TESS ��N!:�2
3, .� PLATO2.0 "O&@��)�&4�$Q
1�Æ6/*'"$ 200��"�/!���, :?
A PLATO2.0 ����(J 100 + G-K KR��
I@* !���.

H:-B� AE�$?A, ( 2019  � 
!*&RR��I@* !����H1D&�N
2 (TESS),( 2028 � �/:�*&�I@* 
!���GD��"�Æ (PLATO2.0).

1.2 *+,-1234
!$!8!����)A)���;) 2 

!',(QK/M [22], &80<E3?Y=�>B.

1995  O+4U�*&�!��� [3] "�Æ
), E$5'�Æ�!���J�;8�, � !
!8��)A�@D"6�) ;8��OP:�
ID&�P.�VO�$Q�LG)A [23−25], �
�1� �!����4.((P=�.D2�A
Q [26−28]. E$� ���J.3��P4�2R�
7Z/8! 1010 � 109,� �8�J.3��P4
�2R�7Z/8! 109 � 107, <F!3>C2@
("0G0$�4�-+� Q!8�� [7], >�
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5 1 6789:;<=>?@ABCD>EF@A
Table 1 Potentially habitable exoplanets and terrestrial planets in the solar system

��R ST/[	 R�/Me ST/Re U��W TUR\�� 	��� 	�RV

Venus – 0.815 – G S – –

Mercury – 0.055 – G U�� – –

Mars – 0.107 – G ]V – –

Earth – 1 1 G S
 – –

Tau Ceti e 11.9 4.3 – G S ��� 2012

Kapteyn b 12.7 4.8 – M ]V ���� 2014

Gliese 832 c 16.1 5.4 – M S
 ���� 2014

Gliese 682 c 16.6 4.4 – M ]V ��� 2014

Gliese 581 g 20.2 – – M S
 �� 2010

Gliese 581 d 20.2 6 – M ]V ��� 2007

Gliese 667 Cc 23.6 4 – M S
 ���� 2011

Gliese 667 Cf 23.6 3 – M S
 �� 2013

Gliese 667 Ce 23.6 3 – M ]V �� 2013

Gliese 180 c 39.5 6 – M S
 ��� 2014

Gliese 180 b 39.5 8 – M S ��� 2014

Gliese 422 b 41.3 10 – M S
 ��� 2014

HD 40307 g 41.7 8.2 2.4 K S
 ���� 2012

Gliese 163 c 48.9 7 – M S ���� 2012

Kepler-438b 470 – 2 M S ���� 2015

Kepler-186f 492 – 0.2 M ]V ���� 2014

Kepler-22b 619.4 – 5 G S
 ���� 2011

Kepler-440b 706.5 – 4 K S ���� 2015

Kepler-174d 878.3 – 0.5 K ]V ���� 2011

Kepler-61b 1062.8 – 4 M S ���� 2013

Kepler-296f 1089.6 – 1.8 M ]V ���� 2011

Kepler-62e 1199.7 – 3 K S
 ���� 2013

Kepler-62f 1199.7 – 3 K ]V ���� 2013

Kepler-442b 1291.6 – 3 K S
 ���� 2015

Kepler-436b 1339.4 – 6 M S
 ���� 2015

Kepler-452b 1402.5 – 3 G S
 ���� 2015

Kepler-283c 1496.8 – 4 K S
 ���� 2011

Kepler-439b 1914.8 – 4 G S ���� 2015

Kepler-443b 2564.4 – 5 K S
 ���� 2015

Kepler-298d 1545 – 5 K S ���� 2012

G Me 
��R�, Re 
��ST.
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5 2 HIJ9KLMN>?@AOPQRST
Table 2 Exoplanet space missions in implementation

X�RV �	���W 	TRV X�XT

K-2 	�WY�SU��
���� �^ NASA

CHEOPS �WTV�W\_
X	�������X
	�Y��Z,

Z`Y��a
�[�X\; �T�	Y���	�Y����
�U���b�Y\���, Z`	�
SU�[R�����

2017 	 VYU ESA ZU

TESS 	�WY�SU��
����, 	�[R����� 2018 	 NASA

PLATO2.0 	� G-K WY�SU��
���� 2024 	 ESA

>C2@("D(��6$RR�* N=�!�
��)A)� [29−30].

V#�!���)A)�>(!���:�Æ
%�Æ) [4] [Z,� ��. &!���;�()
�8�:�&4&D��:�,!&:�4\0��
)A�<.B7$)A2/��*7Z�\ZA8,

/�".D2):�;#�9c#��][=d!
)A2/�B=�L] [22−23]. &�� $:�4
)&, ^[��. /03?^[��&�^[()�
)�):�$5(��;D2�;�D2, H:!>
2�95(!8�!@!����;D5$��W
8�P./H [31−32].

KF,��� 50 +VX;8��%\��!
����)A [33], �(��(�!���)AP.
� 600∼3000K -&=, #/���)A2/7(#
A [34]�'^�\ [35]�W/] [4,36−38]�\�̂ �e�[
��Y, ���;-<f���2/, ?E_�̂ ]�
X^�\�XY^�\�X�_Z�_`�̂ A�̀ ^
�a^�C#G8#(")�(, G8()� [39−47]

./42�/�M%5$�)A;#@D��#D
8'��#D��� [33].

(!!�!���)A�AN�!���* 
8�) [12] ! �#Æ�'>.�* . '_@D
�Æ��* N�!.����/�!!?[ [14],

?_@D2��-��Z;]_', E5� !K
:�*&�!���*"M^P`;<%"<�:
�ID/3=a'_@D5(�AQBg*L [11],

a)�?_)A$Q@DAQ�Æ, �� ID[
L 19% �\b&��#bc>0?_ [48].

c)�("0',�(",'�Æ�"�/!�
���%!!���$��%(AD�)A$��

%(��LM96D;. &'$)`I (30m \) �
&5+9 (E-ELT, TMT, GMT) ?AD� 2020  
)BJ3"E6,!>5+9D"� d!�%\�
�>C2@,-DE5) *1!����)A.D
422!��,]K() d;�%06!>^O�
�P47Z��RR�I@* ��)A2�^A
h/. NASA ?A� 2018  �D.'$645+
9 JWST (7B-& 0.6∼28µm), �DAO"!8!
�����/_"$AJ��!���*�=0A
F>B��-, (&8) /! JWST "RR�*
&�!�����/��G()A2/���-.

1.3 �W*+,-12XYZ[\34
2 "$!�����Æ�5?e, � ?_,

<F0�Æ��1�!8!��� [49], �(#�0
6 2)`I�&5+9�)�`Z*�\"!8
!���)A28�) [50−52]. �!�����
LM��("$)� �'!�/006%\]�
<4�!2�L"3.�ad<L2@"3.�)
 [53].

"$* !����)A����AN�;)
 *���I [54−55]. RR�*&�!���/!
befD�=/��'8^+89:�, ?_)A
$Q@DAQ [13] �Æ!!����&8d!a_
:�ID�[O'#Æ)/Z, +'[L��;D
5,cD���#bc�ID3��#)[L-1�
\b&>0�,0Z. !!���AD�/dg�
9(;`��fA8-eb��)A�fA8aB,

/'(0$��Q;* H: [56]. E$ $RR
�* N�!����'D $i`�]`*'3
! 1�H:,DE!!���AN:( “g�”� “N
H” K/ [57], >��)�(��K/!K/AN@
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:. �ÆRR�*&!���)A2X^�\4�
:�^A�0<+Z$� !K:�*&!���
)A2�!@0<,/�6E#(��G(��c>
^A [58]. RR��5'#�,92�*&!���
�#�^Ah/fK��/H [15,59−60],��"��
* 8:�AE. I�, "$!�!���LG)A
�-��)Abc�) b5�'D* [61−68],(
!!�����LM���) ,'�5 [69−71].

2�PGQRJGSEdejahhi

2.1 ]^XY12_�.Æ`ab
06 Spitzer 645+9" TrES-1b, HD2094-

58b � HD189733b �^[*�)� [72−74]. ;8
�>8LPE�]C;ID�;D:�4�42�
'D<.-+$K/,[O�+^[)�c#��)
AL]�+. [33]. .�* ���>8P.7, �
D2�;D2�kb�g��, /�#(!'��.

��, ^[)��!2jh,"�c)A2/�)A
P.B=G�-�AF92-)AE. 06 Spitzer

� 6.2µm 7Z" HD189733b *�^[)�5(�
�)A2(#c�B; [75], .)A;#@D?)�
�#D8cD/0^[�D2���!���)A
2�Æ#c���2/�d-c(AE [76].

2.2 *+,-cd.efgh
���6/�*(0)�:�����$5(

��J.�((P=*'5()A$Q��/c/
e�L] [77−78]. Spitzer 645+9� 8µm 7Z
)�5( HD189733b �((P=, -3�c���
)Aif�P./H [79]. )�c#�P./H ( 
;8��&8�!!) �@DAQBg [80] �fÆ
-'D, .A�ia�*. a) Spitzer 645+9
� 3.6 � 4.5µm 7Z)�5( HD189733b *Si
�P./H [81−82]. " HD149026b, HAT-P-2b �
WASP-12b G� �!@�)� [83−86]. /!��
?!, 2006  �06 Spitzer "B:�!��� An-

dromedae b *���D2)� [87], � Spitzer 64
5+9 24µm 7Z)�c#�P./Hk2 ;8
g��&8 80◦[88], �(96K��l.

2.3 �ij�k,-12_��lmZ2no
HD209458b, HD189733b , WASP-17b #;8

�2N��W [2,38−39,89−90], '� XO-2b )A2�

�(�] [36], EW\Z=�VD[g;<1��#
)A�P.�VOB= [91], .)�(�W�]�)
Ah/*jH$�;?'. (?/����l: !>
��5FW�];��)A2�W�]/!O:�I
D $l�:; W�]�2AF"Ahb:@. Ah
b��$ HD189733b )A2� (-)�1:�
17Z:�)� [37−38], !>)�#(�ÆjW�
#c&���/Y����%. HD189733b �^[
�D2 [75] 5FAhbhY�\ZAF, !���
E$AhbhY�iD%D. Spitzer, HST ��&
5+9)�%\�� GJ 1214b5(�.D23?)
c [92−94], ���=/� GJ1214b �)A44EX
Ap2.h(Ahb,/���A��\ZAF":
@, G���E$ GJ1214b )A�)N/Y/?),

)A�L?", /'�.D2AF?[ [93, 95].  !
LLd3� HSTWFC3)�):>jm#c� 1.15

� 1.4µm7Z�\ZAF [96], !�'D<.-@;
� GJ 1214b )AFh(XA�Ahb2/. Ahb
1(��� GJ 436b, HD 209458b � XO-1b �)A
2�� [97−98]. 34P#��,#c 1.4µm7Z�A
F� HD209458b� XO-1b�:�422��, .�
� 1.15µm �\ZAFj>)�( [98]. EgAhb
�\ZGiD�a7Bk��,!')��$5(�
l. .� !"n�i)A�)�>*, Ahb"!
���)��AE3=a'(�*!me [99], /�
��34..'("-B)�0?��;�l.

kPG��)A2P.aL.-l'lL�Æ
%K), ���)QG�;GJ�E�, .2/�*.

HD209458b � TrES-4b .D2)�jm, !>��
)A2��kPG [100−101]. ��)AkPG���
�/!(`^, .!>��J�!8��, )A�<
f(`^. () /!, !>��)A2�kPG�
�� TiO � VO GAhb#�P4�f�7Z�O
\ZC(! [100,102−104], ."!>\ZC�8�1
���.

2.4 *+,-qr12
;8� HD209458b �X=YFG���nN

�/0ol645+9 (HST) �f�)��Æ
� [105], a)� HD189733b[106], WASP-12b[107]

� GJ 436b[108−109] -GJ�Æ���n. :p
A WASP-12b ���n�$� 10 k �&4m.
jE!+��N4g� [110], ' HD209458b ���
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nh�,cD���/�*jk� [109,111−112]. O
P���n<f�9lN?.�i'(���?+
��2, '�-B;8�*&XFG2G#?�f
�7Z)�(�!>i' [107,113−114]. H:)�
):1�$@Æ HD 209458b ���n�no�:
�n�(d!6 [115−116]. !���LG)A�)
��Kepler �Æ�1��!2�)/!���2A
):") )Abc�(�p*!6,! ��@D
K!je[1 [66]. MRE�, �(@D2Fh�)
A2/G$XA!4� 1. =L!�!���L
G)A@D$) !���* 8�� !!��
��#�%8k�44��(:E7?O#AQ�?
L:�ID$%&�!���LG)A�O;5�
lj5;E7?O#�AQ^\lY��Y���L
G)A2�;��mk��/`�; ��=sno�
E7AE��LG)A2NlhY�;)A2/E7
AE��)Abc; ��LG)A�?_@Æ.

2.5 *+�t,-.12�2uZvwb
��;�@D28/M!�!���)A�A

N, �(�) 1\"?"gm5�6/nf�\
m,&!>6/1)g��n\b&!�!����
ANE7E<�'>#�*��) �.8. ��,

(!)A��–AN�xK@Æ9>*/ �. �(
BC5F!�!���)A�)�):, �\m(5
� 3∼5 =/0 JWST��&5+9" TESS��
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