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Figure S1. Comparison of profile shapes for selected latitude bins illustrating the maximal (left column) and minimal (right column) absolute
relative AMF deviations. The blue line represents the “true” water vapour profile shape as measured from COSMIC and the orange line
represents the exponential profile with a scale height H calculated from the sum method.
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Figure S2. Histograms of the relative AMF deviations between exponential profile and COSMIC profile for the same latitude bins as in

Fig. 5 for different cloud scenarios (cloud fraction 10, 20 and 50 % (left to right); cloud top height 1 km, 2km and 5 km (top to bottom))
and a nadir viewing geometry.



H,0O SCD comparison, orbit 6930, SZA < 88°
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Figure S3. Comparison of H,O SCD:s fitted assuming a Gaussian and an asymmetric Super-Gaussian ISRF. Values are taken from orbit 6930
for a solar zenith angle < 88°. The blue solid line indicates the results of the linear regression and the red dashed line the 1-to-1 diagonal.
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Figure S4. Mean water vapour profile shapes for data in 2013 for latitude bins of 10°. The solid lines represent the results from the exponential
scale height approaches (blue: non-linear fit; orange: sum method) and the black dots represent the COSMIC measurements.
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Figure S5. Bias of the profile shapes with respect to COSMIC profile shapes for the same data as in Fig. S4 (blue: non-linear fit; orange:
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Figure S6. Mean absolute error of exponential profile shapes with respect to COSMIC profiles for the same data as in Fig. S4 (blue: non-linear

fit; orange: sum method).
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Figure S7. Standard deviations of the exponential and measured COSMIC profile shapes for the same data as in Figure S4. The blue solid
line represents the results for the non-linear fit and the orange line for the sum method. The dashed black line represents the results for the
COSMIC measurements.
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Figure S12. Same as Fig. S10, but for ERA-5 TCWYV data over ocean.

12

ERAS5 TCWV (kg/m?)

ERAS5 TCWV (kg/m?)

0-1km py
y 2500 p 1400 1400 2000
2000 60 ; 1200 60 1200 60 1500 60
7 r 1000 1000
1500 40 40 800 40 40
800 1000
1000 600 600
20 400 20 400 20 500 20
0.93x+0.20, 500 0.87x+0.10, 0.85x+0.05, 200 0.83x-0.04, 0.82x+0.08,
T R?=0.93 " R?=0.94 200 ~ R?=0.95 T R2=0.95 T R?=0.94
- 0 0 - 0 0 - 0 0 - 0 0 -
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
80 80 - 80 =
1-2km 350 7 700 1750 2
200 ’
60 — 00 g4 v 600 1500 6o .
150 250 § 500 1250 %
1 20 200 44 400 1000 40 7
100 150 300 750 /
50 20 100 20 200 500
— vl & — azaie| Jhaoo
T 0 0 T 0 0 0
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
80 45 80 ] 80
2-4km 80 175
/ 500
/ 150 Z 200
i 0 60 60 Z 60
/ 60 125 400
4 150
50
w0 20 10049 40 300 40
75 100
30 200
20 20 50 20 50 20 20
___ 1.04x-0.28, ___ 1.06x-0.36, 25 ___ 106x-0.42, __ 103x-0.19, 100 _ 1.02x+0.33,
R?=0.92 10 R?=0.91 R?=0.92 R?=0.93 R?=0.91
v v 0 0 v y 0 0 v v 0 0 0 T
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
T = 80 vl T 100 80 200 80
4-6k 20.0 i ¢ o % 175 v
3/ . /s 80 / b
175 60 60 1 f 60 P 150 60
i 15.0 : - 50 A J 125
125 Y 20 p 60 /
100 40 2 40 bt 40 & 100 40
3 : 30 40
7.5 £ 75
o 50 20 ; 20 20 0 2 F 50 20
1.13x-1.08, 1.18x-0.76, 10 4 1.17x-0.09, 1.13x+0.26, 1.11x+1.37,
T R=0.93 25 d T RI=0.92 T RI=0.89 T Ri=0.89 25 — RI=0.90
- - 00 0 - 0 0 - 0 0 - 0 0 -
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
12 80 60 80 A Bso 80 80
6-10km J % 140
| 10 50 70 120
S 60 ” 60 ’ E 60 60 60
v 8 g 40 a8 100
e 4 50 80
2 6 40 e 30 40 20 40 40
b 60
4 20 30
: 20 v g 20 : 20 20 40 20
1.15x-1.14, 2 1.20x-0.16, 10 1.23x+0.58, 1.20x+1.74, 20 1.17x+3.54,
= T R?=0.94 T R?=0.92 i T R?=0.89 10 T R’=0.86 T R?=0.84
- - 0 0 - 0 0 - 0 0 - 0 0+ -
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

4000
3500
3000
2500
2000
1500
1000
500

4000
3500
3000
2500
2000
1500
1000
500

2000

1500

1000

500

800

600

400

200

600
500
400
300
200

100



o CF00-10%

o CF10-20%

o CF20-30%

o CF30-50%

o CF50-98%

8 7 %
g 0-1km 2500 p 400 250 300
S %
360 2000 60 ; 200 60 250 60
5 4 1500 2 0 200
Q 150
; 40 40 200 40 150 40
1000 1
o 00 100
& 20 20 100 20 204
2 0.86x+0.71, 500 0.74x+0.62, 50 0.70x+1.45, 50 P 0.74x+1.32,
= y T R?=0.87 R?=0.86 T R2=0.90 r T R?2=0.91
0 0 0 0 0 0 0 0
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60
80 80 80 7 80 % 80
- 1-2km 1600 500 4 ? 4
b 600 /
£ 1400 400
£
360 1200 60 200 60 7 60 7 500 60
1000 300
g 300 400
s 40 800 40 40 40 40 y:
Z 200 300
= 600 200
o 200
& 20 400 20 20 100 20 20
2 0.89x+0.31, 0.86x-1.01, 100 0.84x-1.02, 0.82x-0.74, 100
= T R?=0.85 200 T R?=0.85 T R?=0.88 7 R?=0.90
0 0 0 0 0 0 0 0 0
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60
80 80 80 80 80
7 7 I 600 ]
< 2-4km 600 500 1000
£ 500 500
360 60 200 60 60 800 0
= 400
a 400 o
S 40 300 40 4 20 300 40 600 40
Z 4
=
IS d 200 200 200 400
g 20 20 20 20 20
= 4 0.94x-0.15, 100 0.97x-1.70, 100 0.98x-2.21, 100 0.97%-2.77, 200 0.97x-2.23,
= — R=0.85 — R=0.79 — R=0.81 — R=0.84 — R?=0.88
0 0 0 0 0 0 0 [ 0
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60
80 7 80 80 80 80
& 60 160
£ 140 / 200 400
S 60 50 60 60 60 60
4 120 300
8 40 100 150
S 40 30 % s 40 40 40
N 5 100 200
2 20 20 2 " 20 20 20
o 40 4 50 100
& _ 094x+0.84, 10 | _ 102x1.02, _ 1.06x-1.81, _ 107x2.59, _ 110x3.07,
= R2=0.85 4 R2=0.77 20 R2=0.78 R2=0.80 R2=0.81
0 v - v 0 0 v - v 0 0 v - v 0 0 v - v 0 0 v - v
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
80 o g0 80 60 80 — g 100 80 — W 200
E s 50 175
S 60 60 60 4 80 6o 150
X
< 40
fa) 6 60 125
S 40 40 4 30 40 St 40 100
= 4 v F 4 40
3 : 20 S 75
£ 20 20 20 20 50
Q 0.97x-0.25, 2 i 1.04%-0.22, 10 4 i 1.12x-1.09, 20 1.19x-2.18,
[= — R?=0.71 — R2=0.73 — R?=0.74 — R?=0.78 25
0 0 0 0 0 0 0 0
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

ERA5 TCWV (kg/m?)

ERA5 TCWV (kg/m?)

ERAS5 TCWV (kg/m?)

Figure S13. Same as Fig. S10, but for ERA-5 TCWYV data over land.

13

ERAS5 TCWV (kg/m?)

ERAS5 TCWV (kg/m?)

1400
1200
1000
800
600
400
200

2500

2000

1500

1000

500

1200
1000
800
600
400
200

600
500
400
300
200
100



. CF00-10% % CF10-20% % CF20-30% " CF30-50% i CF50-98%

8 v 7 7 >
T 0-1km -
2604 60 | 60 - 60 -| 60 |
a
S 40 401 40 40 40
=
9 204 20 20 1 20 204
S _ 0.81x+1.60 0.81x-3.49 _ 072x1.01 0.67x+1.95 _080x-174
o R=0.89 4%, R=0.87 y i R=0.84 5 R=0.83 R=0.88
F oo . . : 0+<L— . . 04— ‘ : 0 : . : 0 : . .
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
. 80 o 80 o 80 o 80 S 80 ,
NE 1-2km S S A S A
2604 60 | 60 - 60 | 60
a
S 40 40 4 40 4 40 40 4
=
Q 20+ 201 204 20 : 20
o) _ 0.85x+0.76 0.86x-2.35 _ 0.85x-3.43 _ 0.83x321 _ 0.83x-2.57
o R=0.93 R=0.89 R=0.87 R=0.85 / R=0.88
oo . . 0 . . . 0 . ‘ . 0+ ; ; 0 . ; .
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
. 80 o 80 o 80 o 80 80
NE 2-4km g g .
2604 60 60 - 60 | 60
o
S 40 40 1 40 1 40 4 40 1
=
Q 204 20 . 20 201" : 20
o) _ 0.94x-0.49 0.94x-1.55 _ 100x-3.44 _ 0.95x-2.41 _ 0.94x-0.59
P4 R=0.94 R=0.89 A R=0.90 B R=0.87 4 R=0.86
= o+ . : 0+ ; . 0+4— ‘ ; 0+ , ; 0+—— , .
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
— 80 80 - 7 80 7 80 7 80
Tt |a6km . P /
~ . N : :
2604 60 | 60 - 60 -| 60 |
a
g40- 40 40 40 40
=
9 204 204 . 20 1 20 20
o) _ 0.99x-0.73 " _ 103x-0.25 _ 114x263 _ 1.06x+0.20 0.97x+2.78
o R=0.91 A R=0.89 R=0.89 R=0.89 R=0.88
F oo . . T 0 . T T 0 . . . 0 T . : 0 . . .
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
. 80 S 80 - o 80 o 80 5 80 —
£ . g
2 60 60 - 60 1 60 - 60 -
a
S 40 40 40 40 40 1
=
© 204 20 20 20 20
o _ 113x-2.24 _ 112x013 _ 124x-2.09 _ 121x-051 _ 107x+2.41
Pod R=0.91 o R=0.83 . R=0.84 f R=0.84 R=0.84
R . . 0+—— . . 0 . ; . 0 . . . 0 — . .
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

Suominet TCWV (kg/m?) Suominet TCWV (kg/m?) Suominet TCWV (kg/m?) Suominet TCWV (kg/m?) Suominet TCWV (kg/m?)

Figure S14. Scatterplots for the comparison between TROPOMI and SuomiNet for boreal summer 2018 for different cloud fraction bins
(left to right column) and cloud top height bins (top to bottom row). The black dashed line indicates the 1-to-1 diagonal and the orange solid
line represents the results of the robust regression. The parameters of the regression and the correlation coefficient are given in the box in
each panel.
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