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Qw] x@ xQ=wy=t Kw]U |=tO u}=Q@=v@ "OQ}o Q=Qk O}WQwN w u}tR x@ C@Uv |vwo =vwo
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w Q=Ot u=tRsy u}tND Q[=L Q=DWwv QO 'Ov=xOR u}tND |}=tO |=y|Q}oxR=Ov= R=
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|v=UQRwQx@ |xrLQt QO xOW |v}@V}B Q}O=kt KqY= "2 &Ov}=Qi/sDU}U CqO=at
w Ov}=Qi CqO=at =OD@= O}=@ 'u}tND sD} Qwor= Qy QO wQ u}= R= "=y|Q}oxR=Ov= \UwD

"OvwW h} QaD |Q}oxR=Ov=

Ov}=Qi CqO=at "1"2
"OwW|t xDiQo Q_v QO Ov}=Qi pOt u=wvax@ xQ=wy=t |v=QwO w |r=kDv= CmQL CqO=at
sOk pOt l} R= 'OQ=O Q=Qk VywSB u}= Q_vOt R}v wO@r; QDt=Q=B u}tND xm =Hu; R= =t=
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x@ u}tR =@ OQwNQ@ R= TB xm CU= O}WQwN V@=D R= |WN@ u}tR |wO@r; V@=D
|R=wt G=wt= CQwYx@ xm |O}WQwN V@=D hqNQ@ "OwW|t Tmavt xQ=wy=t CtU
K]U x@ 8xOvm =QB CQwYx@ u}tR |wO@r; |=ywDQB 'Ovm|t OQwNQ@ xQ=wy=t Kw]U x@
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[16]%OwW|t x@U=Lt 10 |x]@=Q R= wO@r; V@=D |DQ=QL MQv
qalbedoi = fSAi�iFi0cos (�) (10)

CU= O}WQwN |@=DR=@ V@=D R= |D@Uv Qou=}@ w CU= wO@r; ?} Q[ f u; QO xm
|=DU=Q |=yQ=OQ@ u}@ |x} w=R � [17]"O@=D|tR=@ u; R= QiUtD= x@ OQwNQ@ R=TB xm
O}O ?} Q[ F 0i " (��2 � � � �=2) CU= u}tR � xQ=wy=t w u}tR � O}WQwN
CU= |W@=D |=ywDQB R= |QUm Qou=}@ xm CU= V@=D `@vt x@ C@Uv xQ=wy=t K]U
Asurface 'xQ=wy=t K]U x@ w xOW GQ=N AEarth |DQ=QL `@vt K]U R= xm

[18]%OwW|t x@U=Lt 11 p=QoDv= R= O}O ?} Q[ Q=Okt "OUQ|t

F = 1
AEarth

Z Z
ASurfaceAEarth

cos �Surface cos �Earth
�R2 dASurfacedAEarth (11)

xm OvDUy u}tR w xQ=wy=t K]U |=yu=tr= dAEarth w dASurface u; QO xm
u}= pY=w \N u}@ |=}=wR �Earth w �Surface "CU= R Q@=Q@ sy R= u=WxrY=i
w u}tR uOw@ pmW |wQm ZQi =@ "CU=yu; R= l} Qy K]U p=tQv Q=OQ@ =@ =yu=tr=
R= xQ=wy=t xHw Qy O}O ?} Q[ 'xQ=wy=t xHw Qy Q@ xOW ?Yv |xLiY uOw@ K]Ut
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u}@ |x} w=R � "CU= xOW C@F OvW=@ xDW=O Ovv=wD|t u}tR x@ C@Uv xQ=wy=t Kw]U
j@]vt O}O?} Q[ "CU= u}tR x@ xQ=wy=t R= pY=w Q=OQ@ =@ xQ=wy=t K]U p=tQv Q=OQ@
xm CU= QmP x@ sRq "CU= xOW x�=Q= CU=Q CtU uwDU QO u; p@=kt 'Cr=L Qy Q@
Vkv 'CU= (r) u}tR Q=Ot QO xQ=wy=t |D}akwt C=aq]= |w=L O}O ?} Q[ uwJ
"OQ=O u; Kw]U |}=tO |=yxO=O ltm x@ xQ=wy=t Q=Ot |Q}PBxOy=Wt QO =Q |rY=
OwOL QO ,qwtat xQ=wy=t |=tO pQDvm C=@U=Lt QO 'f |wO@r; ?} Q[ Q=Okt
xQ=wy=t xm |} wO@r; V@=D Q=Okt =t= "OwW|t xDiQo Q_v QO 0 3 \UwDt w C@=F Q=Okt

C=LiY u}vJty "OQ}ov CQwY xQ=wy=t |rN=O <=RH= w xLiY u}= u}@ |DQ=QL
R= ,qt=m w xDW=Ov Qo}Om} =@ |m} R}i \=@DQ= I}y xQ=wy=t xHw Qy |wQ xOW ?Yv
xQ=wy=t |DQ=QL CqO=@D QO C}=Oy Q=mwR=U R= u=wD|t ZQi u}= =@ "Ov=xrwR}= Qo}Om}
pta QO w CU= xr�Ut |xOvvmxO=U C=}[Qi R= |m} OQwt u}= xD@r= xm O}WwBsWJ

"Ovm O=H}= xQ=wy=t CN=U QO |}=yC}OwOLt Ov=wD|t
x@U=Lt u}vJ xLiY |}=tQo CqO=@D =@ s=i |xLiY |=tO MQv u}@ \=@DQ=

%OwW|t

mici
dTi
dt

= qtotali (i = 1; : : : ; 6) (4)

|xO=t |xS} w |}=tQoC}iQ_ ci 'xQ=wy=t s=i |Q}oxR=Ov= |xLiY sQHmi u; QO xm
CU= xLiY pm |}=tQo pO=@D MQv qtotali w xLiY |=tO Ti 'xLiY |xOvR=U

%CU= xLiY x@ |HwQN w |OwQw Q}O=kt hqDN= =@ Q@=Q@ xm
qtotali = qini � qouti (5)

\}Lt x@ xm CU= s=i |xLiY R= |HwQN |DQ=QL V@=D MQv qouti jwi |x]@=Q QO
%=@ CU= Q@=Q@ w OwW|t `iO Tds |=tO =@ =[i

qouti = "i�Ai
�
T 4
i � T 4

ds

�
(6)

(� = 5 67 � 6utRDrw@ � u=iDU= C@=F � 'K]U Q=WDv= ?} Q[ "i u; QO xm
|DQ=QL MQv qin u}vJty "CU= s=i |xLiY `]kt K]U Ai w 10�8 W

m2K4)
%OwW|t u=}@ 7 |x]@=Q \UwD xm CU= xLiY x@ |OwQw

qini = qsuni + qEarthi + qalbedoi (7)

V@=D MQv qEarthi 'O}WQwN R= xLiY |Di=} QO CQ=QL MQv Qou=}@ qsuni u; QO xm
|DWoR=@ V@=D MQv Q=Okt qalbedoi R}v w (IR) MQUwQi Ov=@ QO u}tR R= |Di=} QO
|R=UpOt xt=O= QO "OwW|t O=} u}tR |wO@r; V@=D x@ u; R= xm CU= u}tR K]U R=

"OwW|t u=}@ QDW}@ C=}} RH =@ `@=vt u}= V@=D MQv
O}WQwN V@=D "1"2"2

[15]%OwW|t x@U=Lt 8 |x]@=Q \UwD s=i |xLiY x@ O}WQwN |OwQw CQ=QL MQv
qsuni = SAi�icos�i (8)

�i 's=i |xLiY `]kt K]U Ai 'O}WQwN R= pm |HwQN Q=W S u; QO xm
|=yQwUvU \UwD xm O}WQwN V@=D |=DU=Q u}@ |x} w=R �i w xLiY ?PH ?} Q[
"�2 pmW� CU= s=i |xLiY K]U p=tQv Q=OQ@ =@ CU= TQDUO QO |O}WQwN

%OwW|t x@U=Lt 9 |x]@=Q R= x} w=R u}= Twv}Um

cos�i =
nBi :TBI

�
rIsun � rIsat�

jrIsun � rIsatj (9)

w rIsun 'xQ=wy=t |vO@ C=YDNt QO s=i |xLiY p=tQv Q=OQ@ nBi 'x]@=Q u}= QO
RmQt u}tR |UQv}= x=oDUO QO xQ=wy=t w O}WQwN C}akwt |=yQ=OQ@ ?}DQD x@ rIsat
x@ ECI |UQv}= C=YDNt x=oDUO R= p=kDv= T} QD=t TBI "OvDUy 7 (ECI)

R= "CU= xQ=wy=t C}a[w C=aq]= |w=L w CU= xQ=wy=t |vO@ C=YDNt sDU}U
"CU= O}WQwN V@=D 'C}a[w |Q}PBxOy=Wt |rY= `@vt wQ u}=
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1. Clouds and the Earth's Radiant Energy System (CERES)
2. Levenberg-Marquardt
3. Unscented Kalman �lter
4. Extended Kalman �lter
5. random walk
6. Stefan-Boltzmann
7. earth centered inertia
8. di�used
9. view factor
10. emissivity
11. Blackbody
12. earth's radiation budget
13. top of atmosphere
14. all-sky
15. clear-sky
16. footprint
17. root mean square error
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