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Overarching Goal:
Studying Temporal Variability in Partitioning of
Solar Radiation v Ay
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ASRsurf = (1-Albedo) e SSR

Albedo SSR

Hakuba, et al. (2016)

— See also science poster: Towards observation-based time series for the
partitioning of solar energy in the climate system. 2



Research Question

|s a single surface solar radiation
(SSR) time series representative
for a 1° gridbox?
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Sonnblick Observatory (AUT)

Observation with Pyranometer
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High Resolution Satellite-derived SSR Data

Global scale analysis with monthly mean satellite derived
SSR from CM-SAF

> SARAH-P V002 (0.05 x 0.05%)  preitroth, etal. (2018)
> SARAH-E V001 (0.05 X 0.05°) 4 et 016

Karlsson, et al. (2017)
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Method

Is a single surface solar radiation

(SSR) time series representative
for a 1° gridbox?

Three aspects of representativeness:

|. Spatial correlations (R?): decorrelation length (d)
ll. Spatial Sampling Biases (3): differences in climatological means

lll.Spatial Sampling Errors (¢): differences in anomaly time series




Spatial Correlations (R?)

CERES 1° GRID

451 |
Zijojmo i b jHodonin ”b.":
l"t\ dtatob L Ledrice Satioays R
i e
m Plestany
iy Hoptabrann 1 Top
-
53] A
Ees) L Trnava
g me
[8a] pitra
=3 o
- E5H |
Vienga Senec
" (SERAYS
= AF LR . - @Bratislava
‘_ wachat
[ = Dunajska
1 i Streda ové
o
=
0 Wiener
’_/ Neustadt
1 G Ko TG
A [Ess Gydr
Ty 25 2 ol 15 5 75 | | IETRba km
SR Ay Kapellerfeld
i 31 Tt a
i, Map data ©2018 GeoBabs-DE/BKG (E2008) Googile Tems of Lise
i i AL o j.—- o Gerasdorf il T
3 I_‘-_“-‘:_,;_.J._ 4 7] =
TERE T {4 .
L ‘F'EE R L _“m asdprf
¥ N - .
X ,_jl- ,J"_} Markgrafneusied]
f ' \'B !__H-...., ™ Eralhofen
- _-'*E‘CFF F + Blirzendorf
Tl - D D
g S b ) Al
i
[ £ Ea ( iy
-- L3g1a)
¢ LI015)
221
Fal e, T ﬁ it
o X
" il u | I'H_
= ¥ Erzin A m Andlers
225 MBMERIN
) Fem 2]
E Mannzd:
; 7 an-der-bo
s M e o e :
- ; - 2] 2 Flughafen. .,
- Berchtoldsdorf Vis “{;[ Fidchamend™ - |
Brunn anm m o
Gebinge B T
25 g 25 5 T 10k
i Wiener m g -
erbrubl stadling Neudarf Himberg 2004 BB an des Fischa
sy 1
L -

N

cov(a,b)

R? =0.84

P
-

ASSR

R*=0.0098

ASSR



—_
Decorrelation Length (0)
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Decorrelation Length (3) from CLARA
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Near-global (50S-55N) mean 6 = 3.4°
Roughly

~2% of 1° boxes have average 0 < 1°

~5% of 1° boxes have average 0 < 2°
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Method

Three aspects of representativeness:
.

[l. Spatial Sampling Biases (B): differences in climatological means rakuba, etal 2013 & 2014)
1.

CM-SAF 0.05° Pixel VS.
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Spatial Sampling Biases — Pixel Based
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Spatial Sampling Biases — Box Aggregated
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* Near-global (50S-55N) B, =1.4 W/m?

" Magnitudes of biases vary across regions

" Bias of station depends on position within 1° box
" Biases can be corrected (if known)

" (biases have annual cycle)



Method

Three aspects of representativeness:
.
Il.

lll.Spatial Sampling Errors (€): differences in anomaly time series

CM-SAF 0.05° Pixel VS.
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Spatial Sampling Errors — Box Aggregated
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= Global mean (50S-55N) ¢ = 7.5 W/m?

= Errors are calculated form individually deseasonalized time series — implicit
bias correction

= Without bias correction errors are 10-15% higher
= Errors for other grids:

= 0.5°x 0.5° grid ~ 30% smaller

= 2.5°x2.5° grid ~ 60% larger
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Combining the metrics
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— Different metrics limit representativeness
in different regions



SIS
Case Study:

The Baseline Surface Radiation Network
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Case Study BSRN
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Case Study BSRN
Direct sampling capacity (monthly mean SSR)
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The 47 BSRN stations inside domain can together directly (R?> 1/e) sample
= 16% of the domains land pixels

- 7% of the domains total pixels
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Case Study BSRN

# Station
1 Alice Springs
3 Bermuda
4 Billings
5 Bondyville
7 Boulder
8 Brasilia
9 Cabauw
10 Cambomne
12 Carpentras
13 Cener
14 Chesapeake Light
15 Cocos Island
18 Darwin Met Office
19 De Aar
20 Desert Rock
21 Dongsha Atoll
22 Eastern North Atlantic
24 Florianopolis
25 Fort Peck
26 Fukuoka
27 Gandhinagar
29 Gobabeb
30 Goodwin Creek

>4°

LAT LON &

[
-23.8
32.27
36.61
40.07
40.13
-15.6
51.97
50.22
44.08
42.82
36.91
-12.19
-12.42
-30.67
36.63
20.7
39.09
-27.61
48.32
33.58
23.11
-23.56
34.26

10l
133.89
64.67
9752
88.37
105.2
47.71
4.927
-5.317
5.059
1.601
7571 29
06.835 4.5
130.89/1056
23.993 4.1
116 3.6
116.73 3.9
28.03 3.0
4852 3.4
1051 2.9
130.38 3.9
72.628 3.9
15.042 2.5
89.87 3.9

3.4
3.6
3.4
2.9

3.6
3.2
2.4
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TWm?

BF’

TWm?

sB
TWm?l
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TWm3

# Station
31 Gurgaon
32 Howrah

33 llorin

34 Ishigakijima
35 lzafa

36 Kwajalein

37 Langley Research Center

38 Lauder

40 Lindenberg

41 Lulin

42 Minamitorishima
45 Newcastle

47 Palaiseau, SIRTA Obs.

48 Payerne

49 Petrolina

51 Rock Springs

53 Sapporo

55 Sioux Falls

57 Sonnblick

59 Southern Great Plains
61 Sdo Martinho da Serra
62 Tamanrasset

63 Tateno

65 Tiruvallur

Station Mean

LAT LON 5

[ [
28.43 77.16
22.55 88.31
8.533 4.567
24.34 124.2
28.31 -16.5

8.72 167.7

37.1-76.39

-45 169.7
52.21 14.12
23.47 120.9
2429 154
-32.88 151.7
48.71 2.208
46.82 6.944
-9.068 -40.32
40.72 -77.93
43.06 141.3
43.73 -96.62
47.05 12.96
36.61-97.49
-29.44 -53.82
22.79 5.529
36.06 140.1

13.09 79.97

Station Absolute Mean

[
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Case Study BSRN

# Station
1 Alice Springs
3 Bermuda
4 Billings
5 Bondville
7 Boulder
8 Brasilia
9 Cabauw
10 Camborne
12 Carpentras
13 Cener
14 Chesapeake Light
15 Cocos Island
18 Darwin Met Office
19 De Aar
20 Desert Rock
21 Dongsha Atoll
22 Eastern North Atlantic
24 Florianopolis
25 Fort Peck
26 Fukuoka
27 Gandhinagar
29 Gobabeb
30 Goodwin Creek

) B,
>4° >1 Wm2

LAT LON & 1 Bs B,

[l [

-23.8 133.89
32.267 -64.667
36.605 -97.516
40.067 -88.367
40.125 -105.24

3.4
3.6
3.4
2.9

-15.6 -47.713.
51.971 4.927
50.217 -5.317 3.6
44.083 5.059 3.2
42.816 -1.601 2.4
36.905 -75.713 2.9
-12.19 96.835 4.5
-12.42 130.89/1516
-30.67 23.993 4.1
36.626 -116 3.6

20.7 116.73 3.9
39.001 28.029 3.0
27.61 -48.523 3.4
48.317 -105.1 2.9
33.582 130.38 3.9
23.11 72.628 3.9
23.56 15.042 2.5
34.255 -89.873 3.9

Bp Wm?]

>0.5 Wm=2

[Wm?] [Wm?]
12 -0.8
1.7/00504
16 -1.2
12 09
7.3 10.8
25 3.2
1.5/050%
15 -3.8

105 14.5
1.1 107
1.0 -0.9
-0.6

1.8/ 50N
11 1.5
31 2.6
3.1 [0
1.7 1.1
49 18
23 17
3.0.
33 16
20 1.8

8B
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E|t>
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# Station
31 Gurgaon

32 Howrah

33 llorin

34 Ishigakijima
35 Izafia

36 Kwajalein

37 Langley Research Center

38 Lauder

40 Lindenberg

41 Lulin

42 Minamitorishima
45 Newcastle

47 Palaiseau, SIRTA Obs.

48 Payerne

49 Petrolina

51 Rock Springs

53 Sapporo

55 Sioux Falls

57 Sonnblick

59 Southern Great Plains
61 Sao Martinho da Serra
62 Tamanrasset

63 Tateno

65 Tiruvallur

Station Mean

LAT LON &

[’
28.43
22.55
8.533
24.34
28.31

8.72

371

-45
52.21
23.47
24.29

-32.88
48.71
46.82
-9.068
40.72
43.06
43.73
47.05
36.61
-29.44
22.79
36.06

13.09

Station Absolute Mean

[

77.16
88.31
4.567
124.2
-16.5
167.7
76.39
169.7
14.12
120.9
154
151.7
2.208
6.944
-40.32
-77.93
141.3
-96.62
12.96
-97.49
-563.82
5.529
140.1

79.97

1

3.8
2.8
2.8
3.3
0.2
3.1
3.1
1.6
4.9
2.3
3.6
2.4
4.9
4.6
3.9
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2.6
3.1
1.2
3.6
4.4
4.8
3.4

3.7
3.5

BB Bp
Wm?  [Wm?]
1.3 1
24 1.2
58 0.6
32 26
129 6.6
2108
23 4
80 6.5
12 23
12.9 -15.9
1.1 0.8
53 3.6

2.2

6.4 1.6
42 31
27 3.2
49 56
1.3 0.8
6.9 -4.5
16 -1.5
25 0.6
31 -3.1
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Case Study BSRN

# Station
1 Alice Springs
3 Bermuda
4 Billings
5 Bondyville
7 Boulder
8 Brasilia
9 Cabauw
10 Cambomne
12 Carpentras
13 Cener
14 Chesapeake Light
15 Cocos Island
18 Darwin Met Office
19 De Aar
20 Desert Rock
21 Dongsha Atoll
22 Eastern North Atlantic
24 Florianopolis
25 Fort Peck
26 Fukuoka
27 Gandhinagar
29 Gobabeb
30 Goodwin Creek

) B,
>4° >1 Wm

LATLON 5 B B,
] (1 [l WmJ [Wm3
-23.8 133.89 12 0.8
32.27 6467 3.4 1.7
36.61 -97.52 36 1.6 -1.2
40.07 -88.37 3.4 1.2 0.9
40.13 1052 2.9 7.3 10.8
15.6 -47.71 25 3.2
51.97 4.927 1.5/005004
50.22 -5.317 36 15 -3.8
44.08 5.059 32 105 14.5
42.82 -1.601 2.4 11.1 -10.7
36.91 7571 2.9 1.0 -0.9
-12.19 96.835 4.5 0.6
-12.42 130.89 1.8
-30.67 23.993 4.1 1.1
36.63 -116 3.6 3.1
20.7 116.73 3.9 3.1
39.09 -28.03 3.0 1.7 -1.1
2761 4852 34 49 1.8
48.32 1051 2.9 23 1.7
33.58 130.38 3.9 3.0
23.11 72.628 3.9
2356 15.042 25 33 1.6
3426 -89.87 39 20 18
Bp Wm?] & I£p
>0.5 Wm2 <8 Wm?

& €,
[Wm?  [Wm?]
75 73
7.2
6.7
6.5
119 13.3
89 7.5
69 7.8
7.9 11.1
129 134
11.5 11.8
71 6.8
87 8.9

9.4

9.6

6.5

6.3

7.0
6.9 8.7
7210064

# Station

31 Gurgaon

32 Howrah

33 llorin

34 Ishigakijima

35 lzafa

36 Kwajalein

37 Langley Research Center
38 Lauder

40 Lindenberg

41 Lulin

42 Minamitorishima

45 Newcastle

47 Palaiseau, SIRTA Obs.
48 Payerne

49 Petrolina

51 Rock Springs

53 Sapporo

55 Sioux Falls

57 Sonnblick

59 Southern Great Plains
61 Sdo Martinho da Serra
62 Tamanrasset

63 Tateno

65 Tiruvallur

Station Mean

LAT LON 5

[ [
28.43 77.16
22.55 88.31
8.533 4.567
24.34 124.2
28.31 -16.5

8.72 167.7

37.1-76.39

-45 169.7
52.21 14.12
23.47 120.9
2429 154
-32.88 151.7
48.71 2.208
46.82 6.944
-9.068 -40.32
40.72 -77.93
43.06 141.3
43.73 -96.62
47.05 12.96
36.61-97.49
-29.44 -53.82
22.79 5.529
36.06 140.1

13.09 79.97

Station Absolute Mean

[
3.8
2.8
2.8
3.3
0.2
3.1
3.1
1.6
4.9
23
3.6
2.4
4.9
4.6
3.9
3.4
2.6
3.1
1.2
3.6
4.4
4.8
3.4

3.7
3.5

Bs B,
[Wm? [Wm?]
1.3 1
24 1.2
5.8 0.6
32 -26
129 6.6
21|08
2.3 4
8.0 6.5
1.2 2.3
12.9 -15.9
1.1 0.8
53 3.6

2.2

6.4 1.6
4.2 3.1
2.7 -3.2
4.9 56
1.3 -0.8
6.9 45
16 -1.5
2.5 0.6
3.1 -3.1
3.4 0.7
3.2[on
3.6 2.8
10.0

& E,
Wmq [Wm?
6.5
78 7.3
7.6005:0
83 6.5
21.2 50.4
82 7.1
6.7 6.7
94 86
6.2 6.4
12.9 14.4
83 84
10.6 10.2
6.3
118 9.7
9.0 87
74 66
84 7.
6.8/ 45
14.6 29.4
6.7.
7.2
6.6 6.6
82 80
8.6 6.7
8.5 8.8
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SIS
Case Study:

The Baseline Surface Radiation Network

= 47 BSRN stations inside domain

= Multi station averages:

" O gy = 3.5°
= B pe =37 WM2 (B .= 2.9 W/m?
" gy pery =86 WM (e . =89 W/m?

" 3sitesd<1°
* 11 sites 1° <5,< 2%
" 26 sites o,> 3°
* 14 sites g, > 8 W/m?

* 14 sites ¢, <6 W/m? (4 sites ¢, > 5 W/m?)

21



SyntheS|s

Bs [Wim?]

Observation with
Pyranometer

Combining point and (1°) gridded data is
possible in most regions

Grid specific bias correction is advisable

Combined uncertainty (1° grid):

Measurement uncertainty
+ spatial sampling error ()

Total uncertainty ~40-50% higher than
measurement uncertainty alone

Large regional differences!

Representativeness is limited in different
regions due to different reasons!

22
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Pixel
as Surrogate for Point Observati
ation
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5
Site-to-Site vs Site-to-Pixel correlations

- Pair correlation
0.9} = Mean |
= ® Median
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Decorrelation length (0)
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Biases — box aggregated
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Errors — box aggregated
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Decorrelation length & Biases & Errors

{a)
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{c)
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Bs [W/m?] £g [W/m?]
oB(°] Bp [ Wm—2] e [ Wm—?]
SARAH-P 3.31(2.41, 4.36) 1.33 (0.57, 2.69) 6.96 (5.56, 9.06)
SARAH-E 3.21(2.00, 4.23) 1.43 (0.66, 3.61) 7.75 (5.82,9.95)
CLARA 3.36(2.39, 4.50) 1.39 (0.67, 3.08) 7.58 (6.32,9.39)

SARAH-P - SARAH-E
SARAH-P - CLARA
SARAH-E - CLARA

0.20 (-0.16, 0.74)
0.17 (-0.22, 0.56)
-0.05 (-0.55, 0.30)

-0.03 (-0.28, 0.23)
-0.02 (-0.49, 0.33)
0.02 (-0.57, 0.59)

0.05 (-0.63, 0.70)
-0.41 (-1.08, 0.45)
-0.23 (-0.91, 1.08)
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