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Modelling snow interception in a spruce forest in varying climate
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Modelling snow Interception In a spruce forest Iin varying climate

Motivation Study area Methodology Input data

Study area Germany .~ Foland Methodology Input data

Field measurements

- Interception is important factor and input value to hydrological models. Basic characteristcs of the Ptaci Brook basin - Winter season 2020/21 Characteristics of the winter seasons 2016-2022 Main seasonal meterological characteristics
* Hemispherical images N
. i N i i Transpiration Stream length 4.3km o Qi f - Snow depth in seasons 2016-2022 Average Average Average monthly
Snow interception is part of the snow storage of the basin (-A\ . = ?éﬁ:i::gtumn:::i;uoeloc%f\ilpt/ondmons . Season monthly SWE of snowfall air temperature snow depth
. . g - - rea B m . 1 QQ
+ 20-40% of snowfall is captured by vegetation, and it is known as interception loss. o - Stud Al _ — e e [mm] el [mm]
\ \ Evapotranspiration River network density 2.2 km/km . u y area Slovakia . . . Hemispherical images from the research site in different weather conditions in winter season 2021 2016 70.7 .0.27 310.0
= In general, interception is very difficult to measure directly. Y blimati Snow Interception ) : ¢ Canadian model of snow interception 1250 Seasons
Sublimation P Meselcieon dasomassil Austria » by Hedstrom, Pomeroy (1998) _1es o 2017 62.0 224 3545
« Many models of interception is based on vegetation structure and interception loss Shortwave 273m £ 1000 — 2017 2018 731 186 8155
radiation Cc.P = 875 ) ) .
i i i i iDitati 4.8°C o c Capturing hemispherical images with a Pentax K-5 Ils digital mirror s — 2018
is higher in winter due to snow precipitation. s I=c(Sp—1y) [1 —exp (- 5 )] Cair e § o " e 2019 70.6 134 612.3
. . . . . N ipitati - . m 625
« Many mountain basins are mostly covered by vegetation in Czechia m———— | Wi Czechia . - 3 2020 2020 53.9 -0.28 243.6
c — coefficient of snow unload from the canopy [dimensionless] Density of snow & s00 .
lp — initial intercepted snow load [mm] 375 2022 2021 49.2 -0.37 288.7
. C. — canopy closure [dimensionless]
] Seaconisnowfall B Snowle’; feni t ! - Equation used in Canadian model (Pomeroy, Gray 1995; Roth, Nolin 201 20 2022 70.2 0.40 4204
. N ipitati B 125
/ e s}orage about 16% of annual precipitation Sm — maximum canopy snow load — S, = S, (LAI)(0.27 + 46/p;) @) o
Research goals S5 &9586’6’35’000%9&5@5’@85@88&90 ps = 67.92 + 51.25 3(2.59 November December January ~February March April May * Vegetati e
70% d b f 1 Sp — maximum snow load of branch [spruce — 5.9 mm] Date (see more on next slide)
1) To define vegetation structure by Leaf area index (LAl (S S ** R Coversq.y:spivce Jorests LAl — Leaf area index -
: g y (LAD - severely damaged (43%) —\ Stream ps — density of snow [kg.m-?] * Adapted eq. on local conditions (Penaz 2022) Snow depth in winter seasons 2016-2022 in the Placi Brook basin Input values of the canopy structure
2)To adapt the Canadian model of show interception for the Ptaci Brook basin ) —\ Basin border (rs0:1019) LAI C S
Hydrologic processes in winter (USGS 2013) » by the European spruce bark ; S”“b“ d e Simplified model of snow interception ps = 0.2102 * e\ air Meteorological condt onaly il " i | : nt i 10% percentile 2,03 83,54% | 5,5mm
3) To model snow interception in several winter season in the Ptaci Brook beetle (Ips typographus) Czechia State border . eleorological condiiions strongly Influence fhe resuliing values of snow inferceplicn average 234 | 8616% | 9,2mm
raphus =pPi— P 6 i 2,72 90,25% | 12,9
basin, Sumava Mts., Czechia > meteorological disturbances Germany & ! Direct snowfall measurement is difficult -> using snow depth instead is better 30% percentile mm
Pc — total snowfall on open area [mm] « positive snow depth changes as SWE (Snow water equivalent) + Values of LAl are results of field research.
3 Study area located in the middle of Sumava Mts. In Czechia near the borders with Germany 4 Pf — total snowfall under the canopy [mm] 5 6
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Results - analyzing Results - seasons Preliminary results Conclusions

0
Results Results TOUCH graph Preliminary results
VVVVVVV I you want to ZOOM b
Vegetation structure Snow interception during the winter season - Modified model of snow interception was applied on winter seasons 2016-2022 Q These results are not final, but correlation befween snow interception and meteorological characteristics appeared
* The resulting values of the Leaf Area Index are highly influenced by meteorological conditions.
= lai Winter season 2015/2016 Winter season 2016/2017 Winter season 2017/2018 Winter season 2018/2019 &m g-orrelatl . . . . . . . . . .
Winter season 2020/2021 o 0 * The variance of the cumulative curves of the main snow interception model for the winter season 2020/21 is defined by the main equation,
200 1005 - 1og
120 ] 50 § 5 . 0§ - - . R . . .
o Imercepion ° & itercepion Itercepion w E  Interepton “© P Y loss P loss which is based on the variable input values of the vegetation structure.
. 110 = o8 fohotlA 3 — tohpecota — tonpec ot | | F B8 — toheerollAl 50 50
< S — cmpemolih 5 — conpewottn — sonpec ot | | S 103 — sompem ol X . - . . L. . . ; )
20 100§ Interception g b 0 - memn - e i - o 40 * Despite the impossibility of validating the model due to the missing measured data of snow interception, the interception loss after
- : o E g =& 3 E w8 2 »
o 2 R " 8 w § ] 3 | 30 . . )
: g T w0 = Original - 10th percentie & DF 1 ot 5 "3 1 ecotuon — = wE I rotn - 2 — 2 correction of input snow density value corresponds to the expected values.
H H £ 15 5o @~ Original-90th percentie 23 o f °3 0y £ E
g H = 2 w3 0 3 a2 = 10 = 10 N N .
§es 5 s o0 2 Original mean y of ) 520 S * Adapted model of snow interception reflects local conditions better.
o s 3 — Simple model NovembaDecember January Februry March  Ap Marcn S Month g Month
3 10 50 @ Month Month Month @ @ . . .
S s H B oember $ B Nowember * The final values of the interception loss ranged from 19% to 38%.
a E = @ December £ @ December
L o Winte 2019/2020 Winte 2020/2021 Winte 2021/2022 S f . . . . .
s E] reciptaton merseasen o mersessen merseason Winter seasons | : o pretitaton ° * sy & soneny * The interception loss has stronger linear correlation with sum of snowfall than temperature
. . 20T 0o 10th percentile | Mean |\ riny | fmm] A Foone n mt A ro
e ai o3 w§ “ane B M523 910 | 1015 212 i eoruary
w§  Mmercepton Interception Interception T 19.4% 515% | 239% ® March - NP ® March
0 0 Ex w8 Tomem o — 10n pere otin —mean |G o] 1.4 894 | 991 e 0 ¥ apr 0 i i [N
LAl and C. input values to the models (winter season 2020/21) s wg < owmeemenA T S pere ofLA T sampere ofLAl L= 21.9% 24.0% | 267% 0 50 100 5 0 5 P A A
‘ Nov bee Jan DF‘:“ Mar Apr May g 50 § e k| e e g [BFImml 1025 [ 1123 | ra42 [ Percipitation [mm] Temperature [°C] Uncertainties and possible errors in the study
. » i ate g w03 g [ 23.3% 255% | 282%
+ Results of LAl were affected by meteorological conditions (clouds vs. sunshine) Th Fthe original Canadi dol with simple model L 2 B B &, oo S ISI* mm] 955 1048 | 1162 Linear correlation between monthly sum of snow interception and monthly sum of snowfall Linear correlation between monthly sum of snow interception and monthly average temperature .
and by snow interception itself @ comparison of fhe onginal t-anacian modsl with Simple moda g ” " " 189 [T 22.5% 247% | 27.4% a8 of all months during winter seasons 2016-2022 of all months during winter seasons 2016-2022 » Accuracy of vegetation structure measurement
o X 03 ISI* [mm] 773 848 939
* Variability of the results depends on input values of the canopy structure o o 1 e am | 250% | 284% | 8 - Subjective hemispherical image evaluation in pre-processing of Leaf area index calculation
Input values of the canopy structure + 43.3-49% was interception loss in winter 2020/21 — little higher than expected Now LR PO TR 952 1029 | 1123 2961 R2=0.8333 R2=0.3674
Al 3 5o L= 323% | 348% | 38.1% ) - « Processing of vegetation structure input data - influence of meteorological conditions
10% percentile | 2,03 83,54% | 55mm oqppp [P Imm] 1076 177 | 1209 4359 y= 0.211x + 3.0231 y= -2.0639x + 14.582 )
average 23t | soiex | simm ; T — 2eTH 2% 280 9 - The lack of possibility to verify the results of the model by direct measurement ff;ﬁ;;%ﬂiﬁ% ‘;fggja"“e’m”d’m"s on processing
90% percentile 2,72 90,25 12,9 mm a "!L;Lr,u.gr,cgg;,:_, ve resation 1 0
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Motivation

* |Interception is important factor and input value to hydrological models.

- Snow interception is part of the snow storage of the basin /\\ franspiration ,
+ 20-40% of snowfall is captured by vegetation, and it is known as interception loss. /\% Evapotranspiration 4
* |In general, interception is very difficult to measure directly. \\\\ sublimation
* Many models of interception is based on vegetation structure and interception loss Shortwave Y'
IS higher in winter due to snow precipitation. e ‘: AN

Albedo 4 R

» Many mountain basins are mostly covered by vegetation in Czechia

A/ ”
Streamflow / Y

Research goals L=

1) To define vegetation structure by Leaf area index (LAI) ) Groundwater storage v

2) To adapt the Canadian model of snow Iinterception for the Ptaci Brook basin | o
Hydrologic processes in winter (USGS 2013)

3) To model snow Iinterception in several winter season in the Ptaci Brook

basin, Sumava Mts., Czechia

3
OSSP contest:
> Contact to authors: Acknowledgments:
A FACULTY OF Charles University, Department of Physical Geography and Geoecology Support from the Charles University Grant Agency;, /\q
) SCIENCE Albertov 6, Prague 2, 128 43 Czech Republic project No. 354522, is gratefully acknowledged.
Charles University dominik.mika@natur.cuni.cz, michal.jenicek@natur.cuni.cz 7




P
o~

T ) ; 1090 5
Tt 4 1<’ 23 Zagan 5 5 : %, 11 Rawicz ~
= 5 . . s ©dra 3
ngerhausen o > > X
Halle (Saale) \ ’ o L -
. 2 ) A EAN, r
- oyerswerda (3 N
| 3 FAe S Hoyerswerdaly SLINT r o
N i Leipzig Ly i S 4 b 3 o
9, g Riesa o J
: - bt {Bolesiaviec
e N (; Legllic:
X; -
N ® . jZgorzelec
: ! £ ) Doln: :
e Y ) g o) rgFden - i
Jena SN ~) »'!.\‘\‘"‘x\.‘, AR
& 2 X LN D) &R
'va = v ) =5 ( Jelenia Gora
a Chemnitz P e Wi €8 LY 7
o 5 - ’l\\.\a'l' = AN
i S i ]‘\I . Liberec (/e A
\ > WS P < Pore A
alfeld/Saale & . s ) Nesf)
A o X Usti nad Labem | Nozs 4
7N r‘;lu v 3 2 s N
Fig L A~ \ o 2 Tratnov b}
i S 2
B . I I t . t . f t I I I t . B I ( b . ’ \ / :

4BC tecte

) e ~ % Moravian-Silesian ‘s
i 4 G 3% f Q.5 s, \f\
Weiden infder Pilsen b o 8 : 2 JE ;
Oberpfalz N 0 \ o AL 3 v
5 2 ) f TN b (
& / L - ———_ X ) oy \
] Pilsen Region )’ 2 3 jolomouc R L
b »e (e 2
. I R £
Amberg ,{ ll"""" i VA ,;1 :} - 3 )[_\ s &
S Kiatovy o o PO e =
imarkt in der N Jatowy JTabor : o e %
irpfalz. \.j:—«\'~\\ ) [y’ 8 ¥ ¥« 13 =0 4
¢ Z Strakonics 5 S At J » Ziina
% e Stakonic: N vl R T & \ ilin:
2 o 5 ) N
b S g S ! Brno { 4 >,
X o ec A O 24 ¥ .~
& s X Nanes g Al 2
S e - 3
Regensburg \\\ 1 3 ..? South Moravian &y //, \
. ) (e o ¥ s By i ; oHiKor
itional Park {Budweis A : L8 b o
Straubing 2 ! b 7= SN RrofecteaTrencin
o) | o= \ 3 i 4
ho ) - 2
' &t " i Ny, R0 g
% A
h W oy 4 R e Breciavl
SN | e S . =4
o o =2
Y i 1
& & A [| )

otected Vrchy 7
Ll A gin region £ %
. §Prievidz »\J Ban
£ —
s - "
~a ) ) o/
N Lopait X |7 MGt
p
B ¥ A
A ' & 7
At 5
rhava. TN p YN
e . o)
2 r’ % Nitra ¥ \
2 . J
? 3 8 . Levice 'k
.
> y O

~~
S
. :
Nyt a
\’\_‘ )
@er\%
t
&
= 1
<
~
L<
XA =,
O
/
S
?

Landshut “2Ube . Pa RN Psas WA
. 3 B
v j
11 lII a- So Io £
~ ~7
StPolten £o% Wienn:
< | 5
0 OG- Bratislavaa 4/ "~ 3
| < R, ~ P
& 0o say ; )
Py ~ i
2 7 s ane] #Trnava region ( Nove Zamky P
r [ K {
3 -
o zug [N e o ( )
% g

4.8 °C

1202 mm

- Located in Sumava National Park

Czechia

* season snowfall

» about 16% of annual precipitation

" ™~ Stream
~—_ N Basin border

Czechia State border
0

* 70% covered by spruce forests
» severely damaged (43%)
» by the European spruce bark

beetle (Ips typographus) Germany

» meteorological disturbances Study area located in the middle of Sumava Mts. In Czechia near the borders with Germany
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Methodology

Field measurements

*  Winter season 2020/21

* Hemispherical images
 Different meteorological conditions
» 15 sites under the canopy

Hemispherical images from the research site in different weather conditions in winter season 2021

Canadian model of snow interception
by Hedstrom, Pomeroy (1998)

' C.P - 0 o > e 2
_ . . ¢ Capturing hemispherical images with a Pentax K-5 lIs digital mirror
[ = C(Sm IU) 1 €Xp ( (S ) camera with fisheye lens
- m -
c — coefficient of snow unload from the canopy [dimensionless] Density of snow

|, — Initial intercepted snow load [mm]
C. — canopy closure [dimensionless]

» Equation used in Canadian model (Schmidt, Gluns 1991)
P — snowfall [mm]

S,, — maximum canopy snow load —— S,, = S, (LAI)(0.27 + 46/p) (M)
by Schmidt, Gluns (1991) ps = 67.92 4+ 51.25 * e\2.59
S, — maximum snow load of branch [spruce — 5.9 mm] N
LAl — Leaf area index - Adapted eq. on local conditions (Penaz 2022)

P, — density of snow [kg.m-3]

_ (T 4i7+0.1013)
Simple equation of snow interception ps = 0.2102 x e

I =P — P l There were NO possibility to measure snow interception directly

* We do not have a snow interception measurement device.

Pc — total snowfall on open area [mm] _ . _ . o .
* All possible ways of direct measurements are not ,nature friendly“ — study area is in Sumava National Park 5

Pf — total snowfall under the canopy [mm]
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Input data

Characteristics of the winter seasons 2016-2022 . | -
Main seasonal meterological characteristics

Snow depth in seasons 2016-2022 Average Average Average monthly
Season monthly SWE of snowfall alr temperature snow depth
100 [mm] ["C] [mm]
1375 -
50 2016 70.7 -0.27 310.0
Seasons
_ M25- 016 2017 62.0 -2.24 354.5
£ 1000
£, — 2017 2018 73.1 -1.86 815.5
c 875" — 2018
& 750- 2019 70.6 -1.34 612.3
o — 2019
5 %% 2020 2020 53.9 .0.28 243.6
B 5907 — 2021
375 - 2021 49.2 -0.37 288.7
2022
250" 2022 70.2 -0.40 420.4
125 -
0- .
- - - - - — - + Vegetation structure
November December January February  March April May (see more on next slide)
Date

Input values of the canopy structure

Snow depth in winter seasons 2016-2022 in the Ptaci Brook basin

LAI Cc Sm
. .. . . . . 10% percentile 2,03 83,54 % 55 mm
» Meteorological conditions strongly influence the resulting values of snow interception .
average 2,34 86,16 % 9,2 mm
90% percentile 2,72 90,25 % 12,9 mm
« Values of LAI are results of field research Hemispherical image from the research site .
OSSP contest:
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Results

Vegetation structure Snow interception during the winter season

cc lai
Winter season 2020/2021
- 120
2.75-
- 110
87.5- O
207 100 S |
2.5- Interception
— -90 E
P 2 = Original - 10th i
® 85.0 ® — =. riginal - ercentile
S ) e 3 c 151 0 — Original - 90th percentile
o 3 — - /0 S
S = Is . g Original mean
. 3 S — Simple equation
2 10- -50 @
O o
80.0- L -A0 D
175- o -g'
' 30 3 .
ch — precipitation
775- | | -20 3
cc lai 3
-10 —
0 - -0
LAl and C, input values to the models (winter season 2020/21) ; ; ; ; ; ; ;
Nov Dec Jan Feb Mar Apr May
Date
* Results of LAl were affected by meteorological conditions (clouds vs. sunshine) _ — _ —
and by snow interception itself The comparison of the original Canadian model with simple model
« Variability of the results depends on input values of the canopy structure
Input values of the canopy structure . 43.3-49% was interception loss in winter 2020/21 — little higher than expected
LAI Cc Sm
10% percentile 2,03 83,54 % 55 mm
average 2,34 86,16 % 9,2 mm
90% percentile 2,72 90,25% [ 12,9 mm H fa
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Results

Vegetation structure

Snow interception during the winter season

CC

90.0-

2.75-

87.5-

2.9°

o
&
o

2.25-

Canopy closure [%]

o
™
&)

2.0-

80.0-

1.75-

f7.5- .
cC

lai

Xapu| ealy jea’

Precipitation [mm]

lai

LAl and C, input values to the models (winter season 2020/21)

* Results of LAl were affected by meteorological conditions (clouds vs. sunshine)

and by snow interception itself

Winter season 2020/2021

20 -

N
@)
1

L

-
o
1

~

- 120
- 110

I
~
T
-
o
o

N W OB O D N D ©
o o o o o o o o
[ww] uondaoisiul mous aAlnWND

T T
() -
o

Feb Mar Apr

Date

Nov Dec Jan

May

Interception

Adapted - 10th percentile
Adapted - 90th percentile
Adapted mean

Original - 10th percentile
Original - 90th percentile

Original mean

Simple equation

precipitation

The comparison of the original Canadian model with simple model and adapted Canadian model

Variability of the results depends on input values of the canopy structure

Input values of the canopy structure «  43.3-49% was interception loss in winter 2020/21 — little higher than expected
LAI Cc Sm
10% percentile 2,03 83,54% | 55mm - Little adaptation of orginal model — new input equation of density of snow — adapted eq. from Penaz (2022)
average 2,34 86,16% | 9,2mm « 24.7-29.8% was interception loss in winter 2020/21 after using local eq. of density of snow
90%percentile | 2,72 | 90,25% | 12,9mm | - These results correspond more closely to real values 7b
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Results

Vegetation structure Snow interception during the winter season

ccC lai
Winter season 2020/2021
- 120
2.15-
- 110
87 5- @)
20~ -100 &
2.5 2 ]
= _ - 90 ) Interception
@ 850 g‘ —_— =
2 > = 80 & — Adapted model
S 2 25- S £ 157 n
£ 2 — 70 3 Original model
5 2 5 O
00 F=] - 60 f — Simple equation
@ S
o Q10 - -50 @
O o
80.0- E% - 40 gl-
o 5 - - 30 8 precipitation
77.5- | | - 20 g
cc lai L0 =
0 - -0
LAl and C, input values to the models (winter season 2020/21) ; ; ; ; ; ; ;
Nov Dec Jan Feb Mar Apr May
Date

* Results of LAl were affected by meteorological conditions (clouds vs. sunshine)

and by snow interception itself The comparison of the original Canadian model with simple model and adapted Canadian model — mean values

« Variability of the results depends on input values of the canopy structure

"

Input values of the canopy structure «  43.3-49% was interception loss in winter 2020/21 - little higher than expected
LAI Cc Sm
10% percentile 2,03 83,54% | 55mm - Little adaptation of orginal model — new input equation of density of snow — adapted eq. from Penaz (2022)
average 2,34 86,16% | 9,2mm « 24.7-29.8% was interception loss in winter 2020/21 after using local eq. of density of snow
90% percentile | 2,72 | 90,25% | 12,9mm | - These results correspond more closely to real values /cC
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Results

* Modifled model of snow Interception was applied on winter seasons 2016-2022

Winter season 2015/2016 Winter season 2016/2017 Winter season 2017/2018 Winter season 2018/2019
35- 10 100 40 - 120
100 o 30 - 190 O o 407 110 &
30 1 90 3 5 397 3 100 3
c . -80 £ . c . 357 c .
o0 © Interception 25 o  Interception 20 -1305  Interception g0 »  Interception
—_ = — L 70 = — 9V -120 2 — 20 4 .
E 25 - 3 — f0hperc of LA E 0 < 10th perc. of LAI E | j0®  — 10th perc of LA E 30 g0 @  — 10th perc. of LAl
= 50 % - - Mean LAl = 207 - 60 % - - Mean LAl = 251 - 100 % - - Mean LAl e L 70 % - = Mean LAl
0 207 0z o s _ 9 90 £ O s
E " ,5,_ 90th perc. of LAI _E . - 50 ,5,_ 90th perc. of LAI E 20 o0 §,_ 90th perc. of LAl :‘E o L 60 §_ 90th perc. of LAI
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Preliminary results

Q These results are not final, but correlation between snow interception and meteorological characteristics appeared

Seasonal correlation of snow interception on two main meteorological elements — monthly total snowfal and monthly average tempertature
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Linear correlation between monthly sum of snow interception and monthly sum of snowfall Linear correlation between monthly sum of snow interception and monthly average temperature
of all months during winter seasons 2016-2022 of all months during winter seasons 2016-2022

R?=0.8333 R?=0.3674

y = 0.211x + 3.0231 y = -2.0639x + 14.582
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Conclusions

* The resulting values of the Leaf Area Index are highly influenced by meteorological conditions.

* The variance of the cumulative curves of the main snow interception model for the winter season 2020/21 is defined by the main equation,
which is based on the variable input values of the vegetation structure.

* Despite the impossibility of validating the model due to the missing measured data of snow interception, the interception loss after
correction of input snow density value corresponds to the expected values.

* Adapted model of snow interception reflects local conditions better.

* The final values of the interception loss ranged from 19% to 38%.

* The interception loss has stronger linear correlation with sum of snowfall than temperature

Uncertainties and possible errors in the study

- Accuracy of vegetation structure measurement

» Subjective hemispherical image evaluation in pre-processing of Leaf area index calculation

* Processing of vegetation structure input data -> influence of meteorological conditions

Potentional impact of weather conditons on processing

* The lack of possibility to verify the results of the model by direct measurements onal Impas
of hemispherical images 10
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