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ABSTRACT

Cloud and aerosol are two manifestations of what it isessentially the same physical phenomenon: a suspension of
particles in the air. The differences between the two come from the different composition (eg., much higher
amount of comndensed water in particles constituting a clowd) and/or particle size, and also from the different
number of such particles (10-10,000 particles per cubic centimeter depending on conditions). However, there
exist situations in which the distinction is far from obvious, and even when broken or scattered clowds are
present in the sky, the borders between cloud/not doud are not always well defined, a transition area that has
been coined as the “twilight zone”. The current paper presents a discussion on the definition of coud and
acrosol, the need for distinguishing or for considering the continuum between the two, and suggests a quanti-
fication of the importance and frequency of such ambiguous sitwations, founded on several ground-based ob-
serving techniques. Specifically, sensitivity analyses are applied on sky camera images and broadband and
spectral radiometric measurements taken at Girona (Spain} and Boulder (Co, USA). Results indicate that, at these
sites, in more than 5% of the daytime hours the sky may be considered cloudless (but containing aerosols) or
cloudy (with some kind of optically thin clouds) depending on the observing system and the thresholds applied.
Similarly, at least 10% of the tme the extension of scattered or broken clouds into clear areas is problematic to
establish, and depends on where the limit is put between cloud and aerosol. These Andings are relevant o both
technical approaches for clowd screening and sky cover categorization algorithms and radiative transfer studies,
given the different effect of clowds and aerosols (and the different reatment in models) on the Earth's radiation
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Introducao

Meteoros: Nuvens (+ agua; + perceptiveis), Aerossois (- agua liquida, - perceptiveis) e
particulas precipitantes (chuva, granizo, neve);

Nuvens: quantidade de agua nos hidrometeoros; delimitacao (bordas) e visibilidade (olho
humano ou instrumentos opticos);

Classificagao com o uso de instrumentos automatizados: Nuvens, Aerossois e Céeu limpo;

Limites (thresholds) para separar pixels (“limpo”/“nublado”/aerossois) => decisao
subjetiva.

Situagoes onde é dificil separar = consequéncias em estudos de meteorologia e clima.
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Introducao

Charlson et al. (2007), Koren et al. (2007): continuum (twilight zone);

Bar-Or et al. (2010): campo de nuvens (> 97% em area) = nuvens detectaveis (53%) +
twilight zone (47%);

Ten Hoeve & Augustine (2016): AOD aumenta no entorno das nuvens;

Objetivo: Quantificar importancia e ocorréncia de situacdes onde a classificacao (ceu
limpo/aerossois/nuvens) depende de definigcao subjetiva.
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Instrumentacao

Espanha (Girona: 41°58'N, 2°50°E, 110 m asl) e EUA (NOAA Table Mountain: 40°7'N,
105°%14'W, 1689 m asl);

Girona: Perto do mar; Aerossois maritimos e poeira do Saara;

Table Mountain: Milhares de km da costa; Poeira continental e fumaca de queimadas;
Piranometros, Pireliometros e Pirgedmetros: Irradiancias (F) solar global, direta e difusa;
Radidometros MFRSR: OD em 400, 500, 615, 670, 870 € 940 nm; Angstrom Exponent (AE);
CCD (Girona) e Camera TSI (EUA): Visao 180° com aparato para bloquear o disco solar;

Medidas em 2014.
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Técnica RadFlux: identificac¢ao de céu limpo e fsc

12 passo: Identificar céu limpo = F global deve ter pouca variabilidade e estar entre certos
limites. F difusa deve ser menor que um limite;

22 passo: Estimar fsc (fracdo de cobertura do céu diurno) = de acordo com as diferencas
entre as F difusas medida e estimada do céu limpo;

Limite + importante: F difusa maxima admissivel para céu limpo (Max_Diff) < limite;

Long & Ackerman (2000): Entre 120 e 150 W/m? para céu limpo.
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MFRSR: identificacao dos aerossois

2 filtros aplicados em janelas de tempo (time window), cada filtro com 2 thresholds;

Todos ODn — ODn-1 < limite
1° filtro: Se — ~ Passa

Range na janela = (ODmax — Odmin) < limite

—

um—

| Max(ODn — ODn-1)| < fracao OD estimado no pto. médio da janela
20 filtro: Se — - Passa
Range < outra fracao OD estimado no pto. médio da janela

—

Michalsky et al. (2010): 0.02; 0.03; 10% e 20%, respectivamente.

Dados “bons”: Aerossois e OD =2 AOD;
Dados “ruins”: Autores assumem presenca de algum “tipo” de nuvem.
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CCD e TSI: identificacao das nuvens

CCD: Inspecao visual identifica imagens onde a distingao entre aerossois e nuvens nao €
clara.

— R=B 2> R/B=1 -2 Presenca de Nuvens.

TSIl: Razao R/B. Se —

— B>R > R/B=0 —-> Céulimpo.

Limite default TSI: Processamento digital usa R/B = 0.3 = separa céu claro de nuvem
fina/ténue.
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Resultados (RadFlux)

Max_Diff < 100 W/m? (+ rigoroso) ou < 200 W/m? -
Quanto maior, mais “branco” pode ser o céu limpo

Table 1

Summary of radiation flux analysis results for Girona and Boulder (Table Mountain), year

2014, when using two different thresholds for Max_Diff.

Girona Table Mountain
Max_Diff 100Wm % 200Wm 2 100Wm * 180Wm *
Minutes analyzed 220,658 214,616
Clear-sky minutes 25,998 36,988 33.813 49 587
Average fractional cloud  0.555 0.532 0.560 0.538
COVer, _fsc
Average fsc for non- 0.430 0.386 0.441 0.395

cloudless and non-
overcast cases

Diferenca de 10990 (15774)
min. 2 5% (7.5%) do tempo
total pode ou nao ser céu
limpo, depende do limite.

Diferenca de 0.044 (0.046)
no fsc médio p/ casos de
interesse.
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Resultados (RadFlux)

Table 2
Average differences between the  estimated fractional sky  cover

(A_fsc = fsc 100 — fsc_200) when using the two different Max_Diff thresholds for clear sky
identification, only for the non-cloudless and non-overcast cases.

Girona Table Mountain

Number of < Afsc >  Number of < A fsc =

minutes minutes

A fsc = 0.05 35,906 0.11 36,626 0.11
Lflﬁ._f%c = 0.10 15,158 0.16 16,905 0.15
A fsc = 0.20 2765 0.29 1574 0.24
A fse = 0.30 757 0.41 106 0.36
Total with 107,281 102,737

fsc_200 = 0.95 and

fsc 100 = 0.05

Em ~ 14% (17%) dos casos
de interesse a diferenca
média de fsc (<Afsc>) esta
entre 15% e 20%.
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Resultados (RadFlux + MFRSR)

6-3-2014, 10:00 6-3-2014, 14:00

21-6-2014, 14:00

24-4-2014, 9:35 24-4-2014, 13:3S 23-6-2014, S:20 23-6-2014, 14:00
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Resultados (RadFlux + MFRSR)
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Resultados (RadFlux + MFRSR)
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Table 3

Resultados (Processados MFRSR)

Sensitivity analysis of the cloud screening procedure applied to MFRSE measurements. See Michalsky et al. (2010) for details on the method. Total number of points scrutinized, 208,259
(Girona), 451,793 (Table Mountain).

Thresholds applied

Number of cases passing the screening

Time window (min) Maximum difference Maximum range Maximum relative difference Maximum relative range Girona Table Mountain

Default 10 0.02 0.03 10% 20% 86,701 125,084

1 5 0.02 0.03 10%4 20% 103,615

2 15 0.02 0.03 10%4 20% 75,143

3 10 0.01 0.02 10%4 20% 78,604

4 10 0.03 0.05 10% 20% 00,782

2 10 0.02 0.03 2% 10% 52,801

5] 10 0.02 0.03 20% 40% 08,146

Relaxed | 5 0.03 0.05 20% 40% _ 120,221 _ | 209,847

Strict 15 0.01 0.02 5% 10% 35.971 37184

" - I . s 14
Time window: Periodo no qual a variabilidade do OD e 81250 172663
. 0 0

considerada (19%) (28%)

Menor time window e maior diferenca e range = filtro +

“relaxado”

Maior time window e menor diferenca e range = filtro +

restritivo

\ J
|

Twilight zone
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AE_500/870

Resultados (Processados MFRSR)
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Resultados (Processados MFRSR)

I—» Filtro + restritivo aponta presenca de nuvens, enquanto 0s outros
filtros indicam aerossois
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Fig. 7. For the four days presented in Figs. 2 and 4, periods that are considered “aerosols” by the “default” (blue), “strict” (red), and “relaxed” (green) MFRSR cloud screening. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

AE e OD nao ajudam muito na separacao entre aerossois e nuvens
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Resultados (Processados MFRSR)

Frequéncia relativa de pontos classificados (aerossol, nuvem, twilight) em funcao
de OD e AE e usando o filtro mais restritivo

25% 16%

1 1 |
| | ODS500 - aerosols e | 3 annaenis
1 | = ODS00 - clouds |
20% -+ ] ] 1 ®m AE - clouds
# OD500 - transition 12%
> | | z T » AE - transition
5 ] 1 c I
| I Y 10% 1 1
‘ I |
,k I “' & R% ] ]
S « | 1 S ' "
% 10° 1 ! % 6% 4 1 \
'g-‘, ! ;l ; (] 1
: : : s : -
5% - ! A ]
1 1 ] !
2] 1 2% 4 i i o O
1 ! , 1 o
0% e ' ‘ 0% ll IAlllll lllllllllllllll l'lilllllilllll'lIlIllllllltlllillll'il ' T |I| l ™rTrTrYy

Fig. 8. Distribution of the points considered aerosols (38,971 points, orange bars), clouds (88,038 points, blue bars), and “transition” (81,250 points, purple bars) across the range of OD
values (left) and AE values (right), after applying the MFRSR cloud screening algorithm with different thresholds. It should be noted that “clouds” refers to instances that have not passed
the screening by the MFRSR. Dashed lines indicate the (approximate) percentiles 1 and 99 of the “clouds” and “aerosols” distributions. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

Pontos dentro dos intervalos destacados: zona de transicao = 28% (14,5% para
Table Mountain) dos processados pelo MFRSR
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Resultados (Cameras)

Frequéncia das diferencas de fsc das nuvens ténues (fsc calculadas com o uso dos
diferentes limites R/B)

Table 4

Frequency of differences in the thin cloud fraction when two different thresholds are
applied in the TSI image processing (instead of the default value of 0.30) for several
values of the differences.

Range of differences Threshold applied
0.20 0.40
= —0.30 0.0% 1.0%
0 0
I_Em 78.2% das (—0.90, —0.20] 0 0% > 80 Em 81.6% das
imagens a fsc (~0.20, —0.10] 0.0% 14.6% imagens a fsc
aumentaematé  (-0.10, -0.05] 0.0% 20.3%| diminui em até 10%
10% quando € (—0.05, 0) 0.0% 38.7%| quando e usadoo
usado o limiar ;”ﬂ o5 giﬂly 13.6%]  limiar maior (para
s L w40 0.0%%
menor (para todos [0.05, 0.10) 25 70 0.0% todos os casos).
0S €as0s). [0.10, 0.20) 16.9% 0.0%
[0.20, 0.30) 4.3% 0.0%
= 0.30 0.7% 0.0%
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Resultados (Cameras)

Cloar/Thin threshold 0.20 _ 030 (default) 0.40

! — 4

Mudancas nos limites R/B
— praticamente nao modificam o
resultado

Imagem com nuvens muito ténues:
—— Mudancas na razao R/B sao muito
significativas

Fig. 9. Original and processed TSI images, with different thresholds for the distinction between clear sky and thin clouds. a) March 8, 2014, 11:00. An example of very clean day, when
changing the threshold does not affect the cloud fraction estimation. b) August 23, 2014, 15:00. Very white clouds in a very clean (blue) sky. Again, changing the threshold has a very
minor effect on the estimation. ¢) May 16, 2014, 08:14. An example with large circumsolar radiation, where lowering the threshoeld greaty increases the thin cloud fraction estimation. d)
May 19, 2014, 09:00. A similar case, but with an apparently large aerosol load. €) June 10, 2014, 10:30. Small cumulus forming in a somewhat hazy atmosphere. The effect of changing
the threshold is huge. f) August 10, 2014, 11:00. A similar case, showing again the large effect of changing the threshold. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.) 22/26



Resultados (Cameras)

Clear/Thin threshokd | 0.20 0.30 (default) 0.0

&

Imagem com alta carga de aerossois:
—— Mudancas na razao R/B sao muito
significativas

Imagem com pequenas cumulus se
~ formando e se dissipando: Mudancgas
na razao R/B sao muito significativas

Fig. 9. Original and processed TSI images, with different thresholds for the distinction between clear sky and thin clouds. a) March 8, 2014, 11:00. An example of very clean day, when
changing the threshold does not affect the cloud fraction estimation. b) August 23, 2014, 15:00. Very white clouds in a very clean (blue) sky. Again, changing the threshold has a very
minor effect on the estimation. ¢) May 16, 2014, 08:14. An example with large circumsolar radiation, where lowering the threshoeld greaty increases the thin cloud fraction estimation. d)
May 19, 2014, 09:00. A similar case, but with an apparently large aerosol load. €) June 10, 2014, 10:30. Small cumulus forming in a somewhat hazy atmosphere. The effect of changing
the threshold is huge. f) August 10, 2014, 11:00. A similar case, showing again the large effect of changing the threshold. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.) 23/26



Conclusoes

1) A quantidade de casos de interesse nao é desprezivel (nao &€ menor que 10%) para os
sites analisados;

2) Nesses casos ha nuvens pequenas, ténues ou em formacgao, além de uma espécie de
“veu” fino no ceu, que € pouco visivel mas que afeta a particao nas componentes direta
e difusada F;

3) Nesses casos a assinatura espectral da radiacao solar também e afetada, o que se
reflete no calculo do AE;

4) Alterar o limiar R/B produz grandes diferencas na estimativa de fsc: Para Boulder,
em 21.2% dos casos analisados essa variagao produz mudangas maiores que 10% na
estimativa de fsc de nuvens ténues;
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Conclusoes

5) O efeito radiativo de uma suspensao de particulas visto do solo nao distingue
facilmente de qual tipo de suspensao se trata (hemisfério e camadas);

6) Nuvens e aerossois sao duas manifestacdes extremas do mesmo fendmeno fisico.
Em muitos casos pode ser mais vantajoso tratar a suspensao de particulas como um
continuum.

7) Em geral, algoritmos de rastreamento de nuvem para produtos em aerossol e
algoritmos de deteccao de nuvem para produtos em nuvem tendem a ser
conservadores, omitindo ao maximo a area de transicao;

8) Considerar as situacdes intermediarias entre nuvem e aerossol pode ter um impacto
significativo nos estudos de balan¢o energetico (local ou global) e deve ser levado em
consideragao ao parametrizar a transferéncia de radiativa em modelos de previsao de
tempo e clima.
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MFRSR: identificacao dos aerossois

1° Filtro: diferencas entre 2 dados adjacentes e entre OD_max e OD_min devem ser
menores que um limite dado. O range de OD’s (550 nm) deve ser menor que outro limite.

22 Filtro: escala a variabilidade permitida de acordo com a magnitude do OD, que é
estimada aplicando um filtro de passa-baixa na série. O valor absoluto da maior diferenca
entre os dados adjacentes deve ser menor que uma dada fracao do OD estimado no ponto
médio da janela de amostra, e o intervalo deve ser menor que outra fracao da mesma
estimativa.

Limites default (Michalsky et al. (2010)): 0.02; 0.03; 10% e 20%, respectivamente.

Dados “bons”: Aerossais;

Dados “ruins”: Autores assumem presenca de algum “tipo” de nuvem.
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