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Benjamin Franklini},

My desk on which I now write, and the
lock of my desk, are both exposed to the
same temperature of the air, and have
therefore the same degree of heat or cold;
yet if I lay my hand successively on the
wood and on the metal, the latter feels
much the coldest, not than it is really so,
but being a better conductor, if more
readily than the wood takes away and
draws into itself the fire that was in my
skin.

Benjamin Franklin, 1757
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Table 1.2. Infrared emuassivity of different surfaces (Geiger ef al. 1995)

surface emissIvity
water 0.960
fresh snow 0986
coniferous needles 0971
dry fine sand 0.949
wet fine sand 0.962
thick green grass 0986
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Table 1.1. Albedo of different surfaces (Geiger ef al. 1995)

surface albedo
clean snow 0.75-0.98
grey soil. dry 0.25-0.30
grey soil. wet 0.10-0.12
white sand 0.34-0.40
wheat 0.10-0.25
grass 0.18-0.20
oaks 0.18

pine 0.14
water. rough. solar angle 90° 0.13
water, rough. solar angle 30° 0.024

2019/8/12

15



a2 E—m T KK

AT RIERHLY): KAAKRES X @ T A4
G, WARA KA E 50, BAET RKAREARE
MEASA, HRARXRAATHREH LA =
89 33 5T 5 3% 2 4 R
PN

L=¢0l' ¢,=a +bJe

A =0
L =¢0T'+Ae0T'N

B2 E—m EKK
B ERIKAH(Lr): afER kA |m A KIET X g
R AT 09 2t Fe ey T KR FR AT AR AT 0938 5o
Li=¢s,0T +(1-¢,)L,

Ly>Ly, @4 Kk a4t 6948 A AL @ 43
M Z: CNRAK K Fa445 2 35, 4.5~42 um,

2019/8/12

16



A i R A

O ARG BIRREATS KRG F, RKEEA
0.29~100 pm.

0 RRHR,): FeREIBHEZS, KMHKA
® T A4 &4t b dudm @) LA A fe At A £ 4E

RnZKL — KT + Li - LT

i 58 4T 1 W

'.ﬂ__ 4 e @® C

NR-LITE2 v, 0.2~100
NR1 v 0.3~50
CNR4 v e 0.3~42

0 A8 N BARIESR AT R B AR RIE, B ERBEA
FE TR ST UL 69 vl . mMCE B ERE. B
Faie, BRIEA LY KR AT 2570,

2019/8/12

17



® 7 D 4
@ l K|, Ky, Ly, Ly

|

CNR4 w JF 4 %3 51 1+

%ﬁﬁﬁﬁﬁeﬁfm—m

RS R,=K, — Ky + L, — Ly

1/4
g I Tg=<LT a gg)“)

EgO'

35

5 4 L

Rn:Kl - KT + Ll - LT

2019/8/12

18



55T (SI-111)

0 AEEEAR XN B B AR A S 6 st e, St iEE)
&R @R
oM EREEAG. AETE. KB, T@YBRE,

D

A AR

0 BAA & F4T(PAR, photosynthetically active
radiation): K [a %341 o xf AL M L A4F A A 2089 L
HER5, 0.4~0.7 um, %4 & % 44t 4k 2 4950%.

O ZAP AL SERR Elux. 2B EWmM?I. LEFid
&5 Apmol m? 57!, o T4 52

2019/8/12

19



FENR

39|
0B a A AL
O RRAT R AA . R EE, BHSE
0 fe = A
o hNAETE GRE. ER. BE. R, EK)
0o E AR
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TOA imbalance 0.6£0.4

Incoming

Outgoing
solar 340.2+0.1 Reflected solar 100.0£2 Clear-sky 239.7:33 longwave
emission radiation
Shortwave All-sky ) 2664£3.3
cloud effect atmospheric
window
20+4
Longwave All-sky longwave
Sensible  Latert cloud effect absorption

Atmospheric

absorption 7510 -187.9£12.5

I':’éat‘mg heating

Clear-sky emission
to surface

Clear-sky 27.2+4.6
refection g iface shortwave 16546

absorption ‘All-sky emnission

to surface

‘ﬁbﬂ:_ni:e 0.6217

Stephens et al., 2012
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Reflected
solar radiation

100

Hartmann, 2014 41
WA ARG ETFE (2= MEK)

42 |
* Top of Atmosphere

Incoming solar — reflected solar - emitted terrestrial radiation = storage
340 Wm-2 - 100 Wm?2 - 239 Wm=2 = 0.6 Wm2

* Atmosphere

Absorbed solar + Thermals + Evaporation + surface longwave — OLR =0

80 Wm2 +20Wm?2 +88Wm?2 +51 Wm?2 -239Wm2=0
® Surface
Absorbed solar — Thermals - latent heating — surface longwave = Storage
160 Wm?  —20 Wm? - 88 Wm~? -51 Wm? =0.6 Wm?
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H+AE

Frequency

0.8 0.82

T A8 5 3, 5

1:1

-200 2’::- Gs (M"vzdjﬂﬂ Eﬁl 200
Courtesy of Prof. Xu, 2013

FluxNET. EuroFlux#=
ChinaFlux ¢9EC ML &9 & =
A 53] #180% 4% Fn
73%-
| Wilson et al., 2002; Franssen et al., 2010;
0.84 0.86 Beer et al., 2010

ECH. M &6 & F H & JE

Cause of imbalance

Examples

Sampling Source areas differ

Instrument bias Net radiometer biased

Neglected energy sinks Storage above soil heat plates

High/low frequency loss Sensor separation/large eddies

Advection Regional circulation Wilson et al., 2002
Error Energy Horizontal I

Component (%) (W/m?) scale (m)

Latent heat flux 5-20 20-50 100

Sensible heat flux  5-20 10-30 100

Net radiation 5-20 20-100 10

Ground heat flux 20-50 20-50 0.1 —0.0

without storage
Storage term 20-50

20-50 0.1-1 -0.0

Foken, 2008
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KA /438 & (vapor density)

#axti% B (relative humidity)
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1E¥E T LE3 5
1 000 000 000 000 000 000 = 108 | #(exa) E
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0.000 000 000 000 000 001 = 1018

[T #.(atto)
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Table 1.2 Conversion factors between different variables characterizing scalar intensity

Conversion Molar mixing Mass mixing Molar
factor Ratio, ys= Ratio, ysn= concentration, ¢g— Density, ps=
S = n T Td TS P
Molar mixing ratio, ys X | — S i
' mg RE Ra
o . ma my pd nid pd
Mass mixing Ratio, yon X  — 1 g4, Py
g msR A RE
. % RA mRE
Molar concentration, ¢s X £ 1 ms
!?d ”Fd!)d
: , R¥ RO |
Density, psX — |
M Py mgy Py s

(for details see list of symbols)

O REFImBERRE (TFTE) , mFRE.

Aubinet et al., 2012

Note that pg corresponds to the dry air pressure (namely p—py). As a result, the exact conversion of
mass or molar mixing ratio into concentration or density needs the knowledge of water vapor pressure
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0 £#8% A4k H,O0. CO,. CH,. N,O. O,.
SF,. HFCs. PFCs.

ORISR (Global warming potential, GWP)

GWP(x)= [ a,-[x(¢) ]dt/ja [7(1)]dr e, tar, 2001

COZeZCO2 x1+CH, x34+N,0 x 298 IPCC, ARS, 2013
SF,: 22800, HFC-23: 14800, PFC-14: 7390,

CO,
[
s 410.31 ppm

:

8
=3

oncentration (ppm)
3 g
kY
-4

Sl 955 90 95 1980 1985 990 m 2oon zous aou 205

https://scripps.ucsd.edu/programs/keelingcurve/
P PP Prog g IPCC, ARS, 2013

CaIer"o: FFLox:diconcjez:t:at‘ion at IMauna‘ Loa (I)bser\lratoryl . ‘ 0 1 7 5 O: 27 8 i 2
- M,«ﬁé ppm
f_.,‘i.'f 10 2018: 408.52 ppm

5 i I 1980-2011:
8 - — it N 1.740.5 ppm yr'
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h Xiao et al., 2014
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