I+l S s Canadi

Earth's global Energy budget

Jing Yang

Paul Vaillancourt

2 July, 2015




Global annual mean (00-10) energy budget
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The global annual mean energy budget of Earth for the approximate period 2000-2010. All fluxes are in Wm™=.

Stephens et al., 2012, an update on earth's energy balance in light of the latest global observations,
Nature, geoscience. (ERBE, CERES, Argo Ocean Heat Content Observations)
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DATA: ERA-Interim

1979 ~2015

° resolutions (0.75° x 0.75°)

°* Monthly mean (00Z,03Z,06Z,092,12Z ,152,182)
* Variables:

Incoming/net solar radiation at TOA,
outgoing LW radiation at TOA,

surface sensible/latent heat flux,

surface net solar radiation,

precipitation
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Global annual mean (00-10) ERA-Interim
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Global annual mean (00-10) ERA-Interim
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GEM-members 13,14,15,16,17,18,19

GEM version: 480a7
Date origin: 2009012800_000

Simulation time: 400 days
Members:

i+l

GEM13 ctl

GEM14 packl (wload+gsat+z0trdps+zOtlat+diusst+ktrsnt)

GEM15 packl+Z0T-exmwf
GEM16 packl+Z0T-exmwf+CMT
GEM17 packl+Z0T-exmwf+CMT
GEM18 packl+Z0T-exmwf+CMT
GEM19 packl+conres=nil

Environment Environnement
Canada Canada

+conres-reduc
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Global annual mean (Mar, 2009-2010)

i+l

era/annual 2009
gem14/annual 2009

solar
radiation TOAS
J44.47 41,89 19051 10B.0B 24396 233.81
341.8% 34159 11649 11341 22540 22548

gem13/annual 2008
gem19/annual 2009

planetary terrestrial
albedo radiation

0.29 0.32 24511 237.23
0.34 0.3% 23233 23241

444 4 4 4
g,
P
/ >
80.25  FHR.51 ,{//W
76.07 75.69 i
precipitation
86.27 B#1.56
9563 93,83
b 4 T T
18371 15830 B5. 34 9743 17.92 18H.B3 SR 38 -
145,535 152.79 9608 49494 19,60 1900 - -
solar latert sensikle terrestrial
radiaticn heat flux Feat flux radiaticn

edarth
Fesiduum

-1.15 —3.42
—-6.83 —3.493

atmospheric
residuum

~4.34 -

water
Fesiduum

0.58 —-15.87
045 —1.11

4.07 -

surface
residuum
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Global annual mean (Mar, 2009-2010)

era/annual 2009  gem13/annual 2008
gem15/annual 2008  gem16/annual 2009
gem17 fannual 2008 qem18/annual 2009

solar TOAS planetary terrestrial edarth
radiation albedo radiation residuum
44,47 Z41.89 100,31 10B.0B 243,96 233.51 0,29 032 24511 237.23 —-1.15 —3%.42
341,89 341.89 11499 11546 226,90 226.43 Q.34 0.34 232,34 231.48 —-5.44 —5.05
341.89 3&@9 119.67 11808 22222 22361 (035 035 231.5%9 231'5?1 -9.37 —7.88
2 atmospheric
— residuum
~4.34 -
/ « -
8020  Y5.41 ,{{f/,{{{/
7547  75.30
75.90 76.05 i water
ipitation :
apgezlepl e residuum
94.01 9788 0.88 —13.87
9317 9012 0.48 —0.88
: : -0.31 —0.39
¥
163.71 158.30 85.34 G7.43 17.82 18.63 56.38 - 4,07 -
121.4% 15113 94,50 49476 19,57 19.43 - - - -
146,32 14776 9348  90.21 21,32 2348 - - - -
I*I zolar latent zensibkle terrestrial surfoce

radiaticn heat flux Feat flux radiaticn residuum



TOA annual mean radiation budget (2009-2010)

Global So_lar Solar Albedo TOA TOA
in out Net solar Imbalance
0.29

ERA-int 243.96 245.11 -1.15
GEM13 0.32 233.81 237.23 -3.42
GEM14 0.34 225.40 232.33 -6.93
GEM15 0.34 226.90 232.34 -5.44
GEM16 0.34 226.43 231.48 -5.05
GEM17 0.35 222.22 231.59 -9.37
GEM18 0.35 223.81 231.69 -7.88
GEM19 0.33 228.48 232.41 -3.93
t TOA imbalance
e 0.6x0.4
Observations 340.2+01 100.0£2 239.7+33

CMIPs

: 3386 96.4 2324

. . Min
I*I (E;nw;%nmeﬂt Eﬂwarg""ﬂmﬁm (Mean) {(343) (102.2) (238.6)
anada anada Max L 3437 106.5 2435




Surface component of the budget (2009-2010)

Solar o Surface

ERA-int 17.92 85.34 341.86 56.38 4.07
GEM13 18.63 97.43 345.46
GEM14 19.60 96.08 348.04
GEM15 19.57 94.50 345.82
GEM16 19.43 94.76 345.13
GEM17 21.32 93.48 346.80
GEM18 23.48 90.51 346.55
GEM19 19.00 94.94 346.49

1l

Surface
SW down SW u SH LH LW up LW down  imbalance

Observations 1886 2313 2447 88410 39845 345619 0.6%17

CMIPS
Environment Ernvironnement Min 181.9 2111 176 784 3919 3264
I*I Canada Canada (Mean) (190.3) (24.9) (20.9) (85.8) (3975) (339.7)

Max 196.2 303 278 936 3981 3470



Global land annual mean (Mar, 2009-2010)

i+l

era/annual 2009
gem14/annual 2009
solar

radiation TOAS
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7226 7242 i
precipitation
53.31 55.78
61.22 &2.20
¥ T T

13958 144 08 43 38 40495
136.51 135854 4782 4584
solar latert
radiaticn heat flux

2788 38.08
32,57 3344

sensikle
Feat flux

&7.50

terrestrial
radiaticn

edarth
Fesiduum

-20.3% —15.49
1854 —17.12

atmospheric
residuum

-1.22 -

water
Fesiduum

1995 1482
18.40 1B.3E6

0.82 -

surface
residuum

1a



Global land annual mean (Mar, 2009-2010)

era/annual 2009  gem13/annual 2008
gem15/annual 2008  gem16/annual 2009
gem17 fannual 2008 qem18/annual 2009

solar TOAS planetary terrestrial edarth
radiation albedo radiation residuum
2775 ZPA70 10991 110,37 217.84 216.33 0,34 034 2EBA7 231.82 —-20.3%F —15.49
3Z6.70 326.70 117.82 120.02 20888 Z206.68 0.38 0.37 226.96 223.B1 —18.08 —17.13
326.70 32&1{:- 12046 11601 206.24 21069 (037 036 22374 225'561 —17.50 —15.17
2 atmospheric
— residuum
—-1.22 -
/ « -
FREZG Y225 ,{{f/,{{{/
72.06 71.92
71.77 7189 i water
ipitation :
precipl \ residuum
poal oo 19.93  14.82
: : 16.58 1B.18
59.69 60.56
17.05 17.47
¥
139.58 144.08 43,38 40.96 27.B8 J8.08 £7.50 - 0.52 -
156,82 13476 4308 4313 32,25 31.3% - - - -
154,47 13280 47 .64 4309 2109 3407 - - - -
I*I zolar latent zensibkle terrestrial surfoce

radiaticn heat flux Feat flux radiaticn residuum



TOA annual mean radiation budget (land)

Solar Solar TOA TOA
Albedo
in out Net solar Imbalance

ERA-int 0.3 217.84 238.17 -20.33
GEM13 0.34 216.33 231.82 -15.49
GEM14 0.36 208.77 227.31 -18.54
GEM15 0.36 208.88 226.96 -18.08
GEM16 0.37 206.68 223.81 -17.13
GEM17 0.37 206.24 223.74 -17.50
GEM18 0.36 210.69 225.86 -15.17
GEM19 0.35 210.96 228.08 -17.12
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Surface component of the budget (land)

SYE e Surface
) Precip :
absorb imbalance

ERA-int 27.88  43.38 302.53 67.50 0.82
GEM13 38.06 40.96 307.63
GEM14 3257 42.82 307.40
GEM15 32.25 43.08 306.56
GEM16 31.35 43.13 305.72
GEM17 31.09 42.64 306.46
GEM18 34.07 43.09 303.24
GEM19 33.44  43.84 306.20
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Global ocean annual mean (Mar, 2009-2010)

—_— era/annual 2009 gem13/annual 2008 —

gem14/annual 2008  gem19/annual 2009

solar TOAS planetary terrestrial gdarth
radiation albedo radiation residuum
50,571 Z4B.02 9876 10716 253.7h 240,86 028 0.31 24787 23941 .08 1.45
34802 34502 11591 11247 23211 23555 (033 0.32 323435 23416 -2.24  1.39
444 4 4 4
2 atmospheric
— residuum
—f.04 -
/ o _ _
8088 76.83 //W
77.61  77.01 Hin
nitation w‘ater
precipl residuum
9505 91.96 _6.77 —28.25
109.51 IDE.EE 805 —Ag7
¥ T T
172.87 164.03 101.80 120.21 13.84 1079 51.88 - 5.35 -
124,50 158,24 11726 11250 14,37 1317 - - - -
I*I solar latent sensible terrestrial surface :1:':]{

radiaticn heat flux Feat flux radiaticn residuum



Global ocean annual mean (Mar, 2009-2010)

era/annual 2009  gem13/annual 2008
gem15/annual 2008  gem16/annual 2009
gem17 fannual 2008 qem18/annual 2009

solar TOAS planetary terrestrial edarth
radiation albedo radiation residuum
A50.51 Z4B.02  98.78 10716 233.70 240.88 028 0.31 247,87 23941 G.08 1.44
J48.07 34B.02 11385 11362 23417 23440 Q.33 0.33 323451 234.58 -0.34 —0.18
348.02 34{22 119.35 11892 22867 22010 (034 034 23475 234.&1 —-B.0B —4.94
2 atmospheric
— residuum
—f.04 -
/ « -
80.88 JG.B3 ,{{f/,{{{/
7B.84 TB.67
7758 77.73 i water
ipitation :
precipl residuum
B g
106.68 102,03 —8.18 —8.50
: l : -7.31 =760
¥
172.87 164.03 101.80 120.21 13.84  10.79 51.88 - 5.35 -
157,35 15773 115024 11228 14,46  14.63 - - - -
121.09 151,57 115,49 109,83 17,38  19.21 - - - -
I*I zolar latent zensibkle terrestrial surfoce

radiaticn heat flux Feat flux radiaticn residuum



TOA annual mean radiation budget (ocean)

Ocean Solar Solar Albedo TOA TOA
in out Net solar Imbalance

ERA-int 2 253.75 247.67

GEM13 0.31 240.86 239.41 1.45
GEM14 0.33 232.11 234.35 -2.24
GEM15 0.33 234.17 234.51 -0.34
GEM16 0.33 234.40 234.58 -0.18
GEM17 0.34 228.67 234.75 -6.08
GEM18 0.34 229.10 234.04 -4.94
GEM19 0.32 235.55 234.16 1.39
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Surface component of the budget (ocean)

Ocean Solar Preci Surface
absorb P imbalance

ERA-int 13.84 101.80 357.05 51.88 5.35
GEM13 10.79 120.21 360.71
GEM14 14.37 117.56 364.43
GEM15 14.46 115.24 361.65
GEM16 14.63 115.58 361.02
GEM17 17.38 113.99 363.07
GEM18 19.21 109.63 364.01
GEM19 13.17 115.55 362.74
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TOA annual mean fluxes (globe, land, ocean)
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TOA fluxes (globe)
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TOA annual mean fluxes (globe, land, ocean)

Effective cloud cover
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http://iweb/~armppva/MHEEP_viewer/Viewer_MHEEP_tsplots.html

TOA annual mean fluxes (globe, land, ocean)

Effective cloud cover
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http://iweb/~armppva/MHEEP_viewer/Viewer_MHEEP_tsplots.html

Surface component (globe, land, ocean)
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TOA global radiation fluxes (annual, JJA, DJF)

25
TOA fluxes (annual)
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Surface component (annual, JJA, DJF)
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Concluding remarks

TOA

* more reflected solar radiation (especially over ocean), and less
outgoing LW radiation;

* Blackadar scheme increased cloud cover, outgoing LW radiation,
especially over ocean;

* Energy imbalance is relatively small from GEM13 (ctl) & 19 (ctrl
without conres);

°* More imbalance at TOA in summer than in winter

Surface

* GEM13 (ctl) less precipitation, but more latent heat flux, mainly over
ocean; GEM13+, increased precipitation/LH, improved water budget.;

* With reduced conres, less precipitation over ocean/globe;
* Less absorbed solar radiation at surface for all gem results;

GEM19 - packl+conres=nil ©
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Global mean ( JJA 2009 )

era/JJA 2008  gem13/JJA 2009 S

gem15/JJb_ 2000  gem16/JJ4 2009
gem17/JJA 2000  gem18/JJA 2009

solar TOAS planetary terrestrial gdarth
radiation albedo radiation residuum
AX412 Z31.586 96 09 102,05 Z2IB.03 279.61 0.29 0.31 248,285 240.58 10,25 —10.97
331.96 331.96 111.34 112.5% 22062 219.37 0.34 0.34 234,01 232.35 -13.39 —12.98
331.96 33\‘5 552 113 40 216.34 21855 035 034 23251 233'51 —16.17 —15.05
2 atmospheric
— residuum
—a.06 -
/ « -
5118 75.03 ///Afy
74,93 7477
75.19 7562 i water
ipitation :
precipl \ residuum
o0 “1.19 —17.34
94.94 92,78 —lOs e
: ' —-0.48 —0.74
¥
156.85 154.58 87.88  99.40 19,22 21.21 56.13 - -F.38 -
145,69 144,80 Q.12 497.99 20,84 20504 - - - -
141,15 142,94 95,42  93.57 22,40 24,04 - - - - .
I*I zolar latent zensibkle terrestrial surfoce :la

radiaticn heat flux Feat flux radiaticn residuum



Global land mean ( JJA 2009 )

i+l

solar

radiation

371,90 E70.63
J70E3 AV0LE3

era/JJA 2009
gem15/JJA 2000
germ 17 /JJA_2009

TOAS

115.03 115,66 Z56.87 254.57
129.00 132,67 241,63 237.98

37063 3?@3 13358 122358 23705 24424

gern13/JJA_2009
gem16/JJ4_2009
gem18/JJA 2009

planetary terrestrial
albedo radiation
0.31 0.31 249,52 242,42

0.3% 036 234,02 Z29.29
038 0.34 2Z8.3%9 233.(]6‘

9
P
/ >
43.79 23.66 %/’{‘/{/
53.36 #3.05
B286 8356 M
precipitation
6742 57.891
EE.1H &3.21
E3.&3 &H.IZ
b 4 T T
18308 171.31 5360 49.50 34,27 458,74 70,51 -
158.27 154,91 54,25 403 3811 36.21 - -
1%4.19 160.68 53.50 L4820 30,97 40,00 - -
solar latert sensikle terrestrial
radiaticn heat flux Feat flux radiaticn

edarth
Fesiduum

7353 1255
7.61 B.&7
g.BE  11.18

atmospheric
residuum
16.41 -

water
Fesiduum

14.82 B.41
13.93 4.18
1013 1352

3.76

surface
residuum
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Global ocean mean ( JJA 2009)

era/JJh 2009 gem13/JJ4 2009 N

gem15/JJA 2009  gem16/JJA 2009
gem 17 /JJA 2000  gem18/JJA 2009

solar TOAS planetary terrestrial edarth
radiation albedo radiation residuum
J18.45 Z16.37 BB.50 96,98 229,90 214%.39 028 0.31 247,568 239.83 —17.66 -20.44
316.37 316.37 104.22 104,45 212,15 211.68 033 0.33 234.00 233.59 -21.85 —31.71
316.37 31%? 108.38 10817 207.99 20820 (.34 034 23417 233_5_1 -26.1B —35.63
2 atmospheric
— residuum
—-14.12 -
/ « S
JEO0 1.6 ,{{f/,{{{/
71.583  71.44
7210 7242 i water
ipitation :
precipl residuum
e oL
107.57 107,64 —A 10 maa
: l : -4.75 —E.50
¥ T T
153.90 147.83 101.67 119.52 1312 10,11 50.249 - —11.1B -
140,62 140,44 115868 11241 14,02 14,22 - - - -
150,89 13278 112,32 109,14 17.01  14.88 - - - - .
I*I zolar latent zensibkle terrestrial surfoce :la

radiaticn heat flux Feat flux radiaticn residuum



Global mean ( DJF 2009 )

i+l

solar

radiation
354,37 3527
352,17 35217
35217 35%1‘? 125.02 12415

106.42 114,20
112963 119.96

era/DJF 2009
gem15 /DJF_ 2009
gem17/DJF_ 2009

TOAS

247,95 237.97
232,34 23221
22715 2251

gern13,/DJF 2009
gem16/DJF_ 2009
gem18/DJF_ 2009

planetary terrestrial
albedo radiation

0.20 0.32 24275 23479
.34 0.34 230,653 Z30.38
135 0.35 230.88 EEG.Ei

9
P
/ >
50.63 JG6.7G %/’{‘/{/
BRI TR.Ed
77.46 7751 M
precipitation
87.36  281.23
91.85 92,16
92.21 89,02
b 4 T T
167.32 161.21 B5.32  9E.58 16.21 17.47 55.10 -
155,61 15561 9712 493531 19.04 19,16 - -
145,69 150.50 97,490  A9.86 2086 PRI - -
solar latert sensikle terrestrial
radiaticn heat flux Feat flux radiaticn

edarth
Fesiduum

0.20 218
1.64 1.83
—-3.73 —2.51

atmospheric
residuum
—-3.45 -

water
Fesiduum

204 —-15.35
—-0.47 —1.15
—0.69 —0.&4

10.649

surface
residuum
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Global land mean ( DJF 2009 )

i+l

solar

radiation

288,46 285.74
285,74 ZBL.74

era/DJF 2009
gem15 /DJF_ 2009
gem17/DJF_ 2009

TOAS

109.22 105,83 179.24 172.91
109.28 110.42

176.46 175.32

28574 28{14 11077 10824 17447 17750

gern13,/DJF 2009
gem16/DJF_ 2009
gem18/DJF_ 2009

planetary terrestrial
albedo radiation

0.8 0.37 Z2B.81 22262
.38 0.34% 22027 Z218.35
.39 0.38 21B8.85 219.41

9
P
/ >
G5.97 &2.21 %/’{‘/{/
E1.93 &1.96
61.95 6182 M
precipitation
G254 5227
5296 E£4.23
BE.01 53.BB
b 4 T T
M 327 11770 IB.B1 3114 19,04 296D &3 06 -
11455 113.36 21,85 31.76 26,34 7603 - -
115302 115.68 31.61  31.44 2o.40  PVTE - -
solar latert sensikle terrestrial
radiaticn heat flux Feat flux radiaticn

edarth
Fesiduum

—-45.57 —-42.91
—43.81 —42.03
—43.88 —41.41

atmospheric
residuum
—15.40 -

water
Fesiduum

28.8% 2113
2111 2247
2440 2242

—4.34

surface
residuum

1a



Global ocean mean ( DJF 2009 )

era/DJF 2009  gern13/DJF 2009
gem15/DJF_ 2009  gem16,/DJF 2009
gem17/DJF_ 2009  gem18/DJF 2009

solar TOAS planetary terrestrial edarth
radiation albedo radiation residuum
AR0.2% IYR.Se 10540 11797 274.8% 261.39 028 0.31 24815 239.62 26.74 2177
I78.96 37E.96 124.08 12381 25488 255.15 Q.33 0.33 323483 235.52 20,05 19.63
378.96 ETQiE. 130.77 13055 24819 24537 (035 034 23573 2359:][:".k 12,46 1337
2 atmospheric
— residuum
7,44 -
/ « S
86.%4 B2.63 ,{{f/,{{{/
E2.70 82.51
83.71 B83.63 i water
precipitation residuum
3 g2
106.81 103,20 T 17 1089
: l : -10.81 —9.94
¥
188.55 178.76 104,49 122.97 15.00 12.58 52.32 - 16.74 -
17218 172684 11645 112,14 16810 1640 - - - -
184,48 164,24 117.62 11214 19.02 2072 - - - - .
I*I zolar latent zensibkle terrestrial surfoce :la

radiaticn heat flux Feat flux radiaticn residuum



