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Abstract: The author has analyzed the dynamics of atmospblesinges between all-
sky, clear and cloudy sky conditions. The basiarlyses is the calculation of flux
values at the balance states. The analyses depsedtially on the time constants of
basic processes, which can be analyzed separd@tetytime constants are based on
the former research results, and three time cotssthave been developed and
estimated in this study. The basic processes iamjn analyses have been the very
rapid changes in cloudiness and cloud temperatihesrapid change in upward
atmospheric long wave radiation caused by solalatisn change, the slow change
in temperature of the land and sea, and the tmnsileange in the atmosphere
temperature. This transient atmospheric processahasssential role in explaining
why the surface temperature increases when at dhee gime the cloud forcing
decreases. The dynamic simulations reveal thall itages, two rapid changes in the
atmosphere can bring the outgoing long wave ramiadit the top of the atmosphere
almost exactly (a difference of 0% to 0.3%) to thserved pseudo-balance values of
clear and cloudy skies. Pseudo-balance valueddar end cloudy skies are not very
time-sensitive because the values stay within +mnfA\ffom one day to 13 days.
According to the true energy balance values, tightty nonlinear cloud forcing
would be -0.56 Wi per 1% increase in cloudiness and -0.1 °C per défease in
cloudiness over the normal cloudiness range varidtom 60% to 70%. According to
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this study, the commonly used cloud forcing in timits of W/nf yields effects that
are about 40% too low for the long-term cloudinebanges. Cloudiness changes
could alone explain the global warming.

Keywords. Dynamics of atmosphere, energy balance of atmosptiere constants of
climate, cloud forcing

INTRODUCTION AND OBJECTIVES

The objectives of this paper are to find the tilmpehdent behaviors of outgoing long wave radiation
(OLR) flux changes caused by the incoming shortwagkation flux changes due to the cloudiness
and albedo changes between all-sky, cloudy and dlea conditions, and to analyze the time-
dependent behavior of the pseudo-balance radifitines of cloudy and clear skies for identifyingth
dominant time delays. One objective is also to shtiwat the cloud forcing values for the long-term
cloudiness changes are bigger than the forcingesabased on the values of pseudo-balance skies.

The response times of the Earth’'s climate systewe teeen studied from various perspectives, and
therefore the values vary on a broad scale. Thetesftosalue is from Douglags al.', which is a 3-
month response time for solar irradiation.

Time constants based on the solar cycle analyses #ine range of 0.4 to 12 years (Scafptiad 5 +

1 year (Schwarf}. The longest estimates are from Haneead.’, which are from 10 to 100 years, and
the perspective has been from the long-time chadgedo the forcing factors of the climate. Stahe
al.” have analyzed the annual cycles of the surfacpeeature, and the result is a mean time lag of 56
+ 11 days for oceans and 29 + 6 days for land.

Besides the relatively long time constants, thae aso short time diurnal changes in surface
temperatures and in outgoing long wave radiatiorefs. One study of surface temperature changes in
the solar irradiation diurnal changes show timestamts that are only 5 to 10 minutes (E3ala

There are some factors that may explain this lsegition. One factor is a question of the feedback
mechanisms of the climate system elements. It sékatsvhen including these mechanisms in the
calculation models, the time constants become longe

Another factor is the mixing of ocean layers andvideep this mixing actually happens. The time
domain perspective in this study is relatively guahanges from one sky condition to another — a
matter of days. Also the true balance changes haea analyzed and then the time perspective has
been in years.

Finally cloud forcing values have been calculatedtwo theoretical basis and the impacts of the
forcing values of long-term cloudiness changes H@en compared based on the values of pseudo-
balance skies and the true balance skies.

ENERGY BALANCESFOR CLEAR, CLOUDY AND ALL-SKIES

In this text clear sky is indicated by the subdgriploudy atmosphere by the subscgigtnd all-sky
atmosphere by the subscgipthe energy balance values of different skiessieugo-balance and true
balance conditions are presented able 2.
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The values ofTable 2 are based on the research paper of Olllat the all-sky OLR flux value is
updated to be 237.8 Winthe original value was 236.5 WmThe value 237.8 W/fis closer the
most recent research papers and it satisfies thatieq used by Ollilain combining the flux values
between different skies.

The new OLR value changes slightly some other flux values,ciwiiave been calculated using the
same methods as described by Ollil@he budget calculations are based mainly optiished SW
and LW flux data of Zhangt al.?, Bodas-Salcedet al.’, Raschkeet al.'®, and Loebet al.'* but other
methods have also been applied in quantifying neasuarable fluxes.

The fluxes inTable 1 andTable 2 are in W/M, and the fluxes are always stated as such irptper.
The true balance calculatidnshow that the clear sky surface temperature 5 2@, and the cloud
sky surface temperature is 13.2 °C.

Table- 1: Shortwave radiation flux valuem W/n.

All -
Shortwave radiation budget Abbr.  Cle| Cloudy | sky Uncertainty
Incident solar radiation flux at TC SWin | 342.C [ 342.C [342.( |[4-6
Total reflected SW radiat. flux into spi Rt 53.C |120.( 104.; | 5-1C"
SW flux reflected by clout Rc 0.C [854( |641 |[7-1%
SW flux reflected by a Rp 23.2 | 141 172 | 7-15°
Incoming SW flux (Sx = SWi-Rc-Rp) Sx 318.6 | 242.« | 260.f |5-10C"
Incoming SWflux absorbed by clear : St 69.C | 52.£ 56.1 5-1C°
Incoming SW flux absorbed by clot Sc 0.C 18.C 13.¢ 5-1C°
Total incoming SW absorp. flux by the a | Si 69.C | 70.2 69.7 5-1C°
SW flux of Rs flux absorbed by cloudy ¢ | St 0.C |1.€ 2 0.3-0.¢
Total SW flux absorbed in the atmospt | Se 69.C | 72.C 71.C 5-1C°
Incoming SW flux reaching the surf: Sc 248.¢ | 171.¢ 190.¢ | 10- 15"
SW flux reflected by the surfa Rs 29.6 | 21.¢ 24 |5-1C°
Reflected Rs flux into space. Ra =-St Re 29.¢ | 20.2 221 5-1(°
SW flux absorbed by the surf: S¢ 220.C | 150.( 166.¢ | 10- 15"
Net incoming SW flux (NSR = SWi-Rt) | NSR | 289.C | 222.C |237.¢ |[5-1C
SW flux absorbed by the atm. and sur ASR | 289.C | 222.c [237.¢ |5-10"
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Table- 2: The summary of Earth’s energy budgets for cledosidy and all-skies (Ollifa'3. The
values are in W/

Pseudo-balance True balance | Uncertairty
Surface il Abbr. | Cleal Cloudy | All-Sky | Cleai | Cloudy
SW flux absorbed by surfa S¢ 190.( 154.¢ 166.¢ 22C | 15C 5-101
Downward LWflux emitted by the atr Ed 318.( 359.( 344. 37¢ | 30z 10-153
SFC-balanci Bs 508.( 513.¢ 511. 59& | 45z 11-223
Surface ot
Thermal: T 26.£ 27.5 24.¢ 33 15 5-102
Latent heat flu L 87.t 90.2 91.C 12C | 56 5-152
LW surface fluxtransmitted to spa Eu 83.2 0.C 28.% 67 0 3-73
LW surface flux absorbed by clot Ac 0.C 84.C 55.¢ 0 79 3-73
LW surface flux absorbed by GH ga Ag 310.¢ 312.2 311.¢ 37¢ | 30z 3-73
SFC-balanci Bs 508.( 513.¢ 511.t 59¢& | 45z 11-223
Atmosphere i
Incoming SW flux absorbed by clear Sk 69.C 52.¢ 56.1 69 53 5-103
Total SW flux absorbed by clot Sc+S | 0.C 19.¢ 14.¢ 0 19 5-103
Thermal: T 26.£ 27.2 24.¢ 33 15 5-102
Latent heat flu L 87.t 90.: 91.C 12C | 56 5-152
LW surfaceflux absorbed by clout Ac 0.C 84.C 55.¢ 0 79 3-73
LW surface flux absorbed by GH ga Ag 310.¢ 312.2 311.¢ 37¢ | 30z 3-73
ATM-balanci Ba 493.¢ 585.¢ 554.2 60C | 524 11-233
Atmosphere ol
Upward LW flux emitted by the at Eg 175.¢ 166.7 169.¢ 222 | 163 7-153
Upward LW flux emitted by clout Ec 0.C 60.1 39.7 0 59 5-103
Downward LW flux emitted by the at Ed 318.( 359.( 344 37¢ | 30z 10-153
ATM-balanci Ba 493.¢ 585.¢ 554.2 60C | 524 11-233
TOA
Upward LW flux emittecby the atrr Eg 175.¢ 166.7 169.¢ 222 | 163 7-153
LW surface flux transmitted to sps Eu 83.2 0.C 28.2 67 0 3-73
Upward LW flux emitted by clouds Ec 0.0 60.1 39.7 0 59 5-103
OLR OLR | 259.0 | 226.8 237.8 289 | 222 5-101

DYNAMICSOF ATMOSPHERIC CHANGES

Dynamic Model of the Atmosphere: The term “pseudo-balance” is needed for the cladrcdoudy
sky conditions. Theoretically the outgoing longwaflux (OLR) at the top of atmosphere (TOA)
should be the same as the net incoming SW flux WSR), if the Earth is thermodynamically in
balance. Only in all-sky conditions this is truet e balance value for OLR cannot be reached in
clear and cloudy sky climate conditions. The actuabsured values show that for clear and cloudy
sky conditions: NSR= ASR, = 289 W/n? versus OLR = 259 W/nf and NSR = ASR, = 222 W/n}
versus OLR = 226.8 W/mM. The basic reason is in the dynamics of the gpimare, because the clear
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and cloudy sky conditions cannot prevail on thébglscale for periods of adequate length. In pseudo
balance energy balance calculations Cliilas used an $salue of 190 W/rfy because it produces the
correct balance value at TOA:,.SsSh, = 190 + 69 = 259 = OLR The value of Sscan be calculated

in the same way: §s 226.8 — 72.0 = 154.8.

In many research papers the clear and cloudy skig @lues (259 W/fand 226.8 W/min this
study) have been applied as if they were true kbelaalues and therefore applicable for short-term
and long-term climate changes. One of the objestofehis study is to show that the pseudo-balance
values are applicable for short term climate chargygy and the true balance values should be applie
for long-term (longer than one year) climate chaogkeulations. The schematic process diagram of
the energy fluxes are depicted in Figure 1.
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Figure 1: Schematic flow diagram of Earth’s energy flux reses in dynamical analysis.

There are three process steps that dominate tresphmric changes; these are the warming or cooling
of the land and sea and the warming or coolinghefatmosphere. The seas cover 71% of the globe,
and therefore the global surface temperature islgnaiepending on the sea surface temperature. The
floating ice decreases slightly the sea cover t%.7This means that the percentage shares of the
surface’s radioactive emissions are: sea 70% armti3@%.The first-order dynamic model can be used
to estimate the time-domain behavior of even vempmlex processes, as shown by Offildhe step
change for the first-order process without ampificn applied to this process is

Fout(t) = (1- ") * Fin(t), 1

Where By(t) is the outgoing LW radiation flux (=process jpuif), F.(t) is the incoming radiation flux
(= process input, which can be SW or LW radiaflow), t is time, andr is the time constant of the
process. As shown iRigure 1,0LR(t) is the sum of the three LW radiation fluxég, Eu and Ec

561 J. Chem. Bio. Phy. Sci. Sec. C; Nov. 2013-Jan .2014; Vol.4, No.1; 557-575.



Dynamics... Antero Ollila.

originating from different sources. The time domdighavior of each of these fluxes can be
approximated by Equation (1) if there is a stepvaBange from one sky condition to another. The
typical feature of the first order process is tthe output value is 63% from the step input chaatge
the point of the time constatit and at the point of 4% the output is about 98 % of the input value.

Time constants of the main processes: The dynamic analysis of this study means the catlicul of

the outgoing LW flux (OLR) as a function of time iiaspect to the step SW insolation change from
one sky condition to another. The dynamic procegssdominate the change from one sky condition
to another are the very rapid change of cloudirtbssrapid rate of the temperature change of clouds
the rapid change of atmosphere temperature cauge®VB insolation flux change, the slow
temperature change of the land and sea, and theidrd change of the atmosphere temperature. As
shown in Figure 2, the warming/cooling processes of land and seat mpraceed through the
atmosphere before they have impact on the outddiidlux Eg. Therefore, in dynamic analyses, the
change of Eg travels through two sequential dyngmicesses with different time constants and all
changes start with the cloudiness change process.

The transient change of the atmosphere temperedamrée realized from the surface temperatures and
from the downward LW fluxes (Ed) of the differeties in a pseudo-balance situation. For example,
as the sky turns from all-sky to cloudy, the, Hdx of 344.7 grows to Egdflux 359 and the surface
temperature increases from 15.9 °C to 16.0 °C, éwveungh the step input change of the driving force
SW insolation has decreased from 237.8 to 222.llFirthe Ed, would decrease to 302 Wrif the
cloudy conditions could prevail long enough. Whieeré is a step change like this, the temperature of
the atmosphere moves in the opposite directiorhéridemperature) before the very slow change of
land and sea temperatures finally decrease therddw# radiation flux Esand thus also decrease the
temperature of the atmosphere. The author cakspthenomenon the transient change of atmosphere
because it can be analyzed as a separate dynamoiespr The dynamics of this process is governed by
the time constant of the atmosphere, which has beghked by the acronyfm

The transient change in the atmosphere has a sfffiadt on the OLR flux. The magnitude of this

change is very small and it is difficult to cald@laTherefore in this study the transient change ha
been utilized only in the surface temperature characulations, where it is directly measureabid an
can be quantified.

Stine et af have found that the mean time lags between theahmmadiation and temperature cycles
are 29+6 days over the land and 56+11 days ovesdben. Kauppined al.'* have analyzed different
studies of time delays, and they have used thdsesas a basis for calculating the time constaits
the land and the ocean. Their final results vi|ggg = 1.04 months ands.,= 2.74 months, utilizing
the dynamic analysis of the sinusoidal input. Théhar has also used these time constants in this
study. The time constant of the atmosphere is vaitable, and therefore the author has used the hea
capacity difference of the ocean, which is 30 tirtesheat capacity of the atmosphere (Kauppaten
al.), resulting in the time constaffit,, = 0.091 months = 2.74 days. There are three psesethat
have very short time constants: the temperaturegehaf clouds, the absorption of SW radiation & th
atmosphere and the change in cloudiness, whichesaaigapid change of the upward LW flux Eu
transmitting into space as well as the rapid charigee upward flux Ec emitted by clouds. Lohgas
estimated the clear sky upwelling fluxes and heutdized the Atmospheric Radiation Measurement
(ARM) Program data of diurnal variations. The authhas utilized the same data (ARMand
prepared-igure 2, naming the fluxes according to the acronyms uséais paper.
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Fluxes at SGP site, Jan 19-21, 2004
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Figure 2: Fluxes at the Atmospheric Radiation MeasurementMABGP site in January 20!
(ARM™®). The thin vertical blue lines iicate the times of the SW flux chang

This graphical presentation shows that the clowwdinghange (starting at 21:00 on January 19
ending at about 3:00 on January 20) produces thincrease almoshstantaneousl The digital data
analysis revealthat the time delay is about 15 minutes, corresimgntb the time constarTe, = 4

minutes. Theoreticallglso the temperature of clouds changes, when thelglsky stays a long peris
over the same place. This change can be estimated sw Isenall that it has no practical effect
dynamic analysis. The top layer of clouds absdnessame amount of solar insolation in all clirr
conditions all the time and therefore the tempeeaisi amost constant and therefore emitted radia
upwards remains almost constant. The total amouwater in the atmosphere is 13.2* tons and
only 0.01 % is in liquid form (clouds). The totakss of the atmosphere is 5.3" tons. The time
constant of the cloudf'{,.q) can be estimated to be only 0.1 minutes calculated the atmosphere

time constantin the clear day, the LW flux at TOA reacts rapitthythe increasing SW insolation.

this situation, OLR flux is the sum of the trangedt flux Eu caused by the warming of land ¢
warming of the atmosphere caused by SW absorpfitimeaclear air. It is impossible to separate tt
two radiation fluxes from each other during theaclatmosphere. The peak of OLR during daytim:
January 20 isaused mainly by the absorption of SW in the atmesphbecause the LW flux Eu

totally absorbed by clouds. The SW absorption medime lag can be estimated with reason
accuracy. The digital data analysis shows thattithe delay is about 30 mites, giving the time
constantT,, = 8 minutes. Itshould be noticed theT,, and T., are different because they are

results of different absorption processes. SW atsmt absorption by the atmosphere starts fron
upper layers of the atmosphe«and it proceeds downwards. The heat capacity ofipiper parts of th
atmosphere is much smaller than the lower part.ugveard LW radiation is slowed down by the
capacity of the atmosphere before any changes attle outgoing LW flux Eg at TO, The analysis
of downward LW flux Ed as shown Figure 1 reveals that it reacts slowly with the increasingace
temperature. Ohmurahas analyzed the behavior of Ed; the main resuétsthat 6-73% originates
from the first 10 m, 89% from the firs km, and 95% from the first 2 km. This is perfedtifine with

the results of Ollil& that LW absorption caused by greenhouse gases pédes 95% during the fir:
2 km. Because the warming of almost the whole apimegc mass is needed before the oing Eg
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563




Dynamics... Antero Ollila.

radiation reaches the equilibrium value, the tinoastant of 2.74 days is reasonable. Locally, the
winds can change this ideal situation very quickly.

DYNAMIC ANALYSES

Change from all-sky to clear sky conditions: Using the information of the division between saed a
land processes, the step input change 51.2°fbm 237.8 W/rito 289 W/M can be divided into
three parts. Edisappears very quickh{.4 min.), which means that Eis the same as the Bu\c,

in the beginning of the change. The magnitude if thange is A¢c- Eg = +15.7 W/mM. The rapid
change of Eg fluxT,, 8 min.) caused by clear air absorption is;EgEg, — Eg. = 175.8 — 169.8 = 6.0
W/, The rest of the change happens through the wgrprimcesses of sea and land. The total size of
this change is 289 — 237.8 — 15.7 — 6.0 = 29.5 WIihis change happens through the changes pf Eu
and Eg. The true balance value of fig 67, and therefore this change (dynamic d@&lgy) is 67 —
(55.4 + 28.3) = -16.7 W/ The Eg changes from the pseudo-balance value of 175iBedrue
balance value of 222 through two proces8gs«(@ndT.y), and the size is +46.2 WinBoth changes
must be divided between land and sea. These chédmage been depicted kigure 3, where the time
scale is a combination of two scales. The first glinear from 0 to 0.1 day and the end parthef t
scale is logarithmic from 0.1 to 600 days. Thisaagement illustrates more accurately the changes
around the pseudo-balance states. This time poadentation has been applied also in other figures
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Figure 3: Dynamic response of the OL® the stepwise change from all-sky ASR 237.8 fton
clear sky ASR 289 W/nt. The pseudo-balance of clear sky is the obsentd®, @59 W/nf.

The stepwise change of the solar radiation frorslall237.8 W/ to clear sky 289 W/Afirst causes

OLR, = 259 W/nf as observed by Zhang et’ait TOA, which can be called a pseudo-balance value
This value corresponds to a 41.4 % change from82@/nT and on the time scale it happens at the
point of 0.02 days. The OLR values between 2582&tcould be measured during the time span of
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0.01 to 3.0 days. The pseudo-balance value iseritive for the measurement moment, because it
has been caused by two rapid process changes, simch Eg 0.2 % over the pseudo-balance value.

Change from all-sky to cloudy sky conditions: Also the stepwise change from all-sky conditions to

totally cloudy conditions cannot reach the finalagty-state value, which would be the SW input ASR
= 222 W/nf. The measured (Zhamyal.’) OLR, is 226.8 W/, which means that the change (226.8

— 237.8 =-11.0 W/A) has reached 69.6% of the total input step (22378 = -15.8 W/R).

In the change from all-sky to cloudy sky, the thradiation fluxes Eg, Eu and Ec forming the QLR
behave in different ways. Transmitted radiatiom ispace Ey28.3 W/nf disappears totally as soon as
the sky turns cloudy. The Ewalue is 60.1 W/fmand the change 60.1 - (28.3+39.7) = -7.9 ¥/m
follows the increase rate of the amount of clounfsg delayT 4 min. andIl'ge.q 0.1 min). The rapid
change of Eg flux caused by clear air absorptiongtdelayT,;,8 min.) is Eg - Eg, = 166.7 -169.8 = -
3.1 Winf.

The rest of the change happens through the copliogesses of sea and land. The total size of this
change is 222 — 237.8 + 7.9 + 3.1 = -4.8 W/hhis change happens through the changes péft
Eg,. The true balance value of Fe 59, and therefore this change is 59.0 - 60-1.% W/nf. Eg,
changes from the value of 166.7 to the true balaabee of 163, and the size is -3.7 \W/rBoth
changes must be divided between land and seaefh#s are depicted Figure4.
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Figure 4: Dynamic response of the OLB the stepwise change from all-sky ASR
237.8 W/ni to the cloudy sky ASR222 Wi/nt. The pseudo-balance of the cloudy sky
OLR, is the observed 226.8 W/m

In this case, the exact observed QMalue of 226.8 can be measured immediately. ThR @dlues
between 227.8 — 225.8 could be measured duringrtteespan of 0 to 13.0 days. The observed value
of OLR, 226.8 W/m can be explained by the fact that the rapid poésinges in the atmosphere
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cause 100% of the change. Because the pseudo-balahe is close to the real balance value, the
small errors in measurements and data can easihgetthe time scale behavior.

Change from cloudy sky to clear sky conditions: The initial state in this analysis is cloudy skytlie
pseudo-balance state. In this changedisappears very quickly'{.«4 min) and it is replaced by Ac
The magnitude of this change is Ac Eg = 84 — 60.1 = +23.9 W/mThe rapid change of Eg flux
(T8 min) caused by clear air absorption is Egg = 175.8 — 166.7 = 9.1 W/m

The rest of the change happens through the warprimgesses of sea and land. The total size of this
change is 289 — 226.8 — 23.9 — 9.1 = 29.2 WiFhis change happens through the changes wéaiil
Acy,. The true balance value of Eis 67, and therefore this change is 67 — 84 =0-W/nt. Eg
changes from the pseudo-balance value of 175&ttriie balance value of 222, and the size is +46.2
W/m?. Both changes must be divided between land andT$earesults of this change are depicted in
Figureb.
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Figure 5: Dynamic response of the OL R the stepwise change from cloudy sky ASR 226/
clear sky ASR 289 W/nf. The pseudo-balance of clear sky is the obsentd®, @59 W/nf.

The stepwise change of the solar radiation fromctbady sky 226.8 W/fto clear sky 289 W/
first causes the observed OLR59 W/nf at TOA. This value corresponds to a 54% change fro
226.8 W/, and on the time scale it happens immediately. JhR values from 258 to 260 could be
measured during the time span of 0 to 2.0 dayso Asthis case, the pseudo-balance value is not
sensitive for the measurement moment because ibbéas caused by two rapid process changes,
which shoot Eg0.3 % over the pseudo-balance value, and thefdisé change is very slow.
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Temperature trends between different skies: In this analysis the transient change impact has be
utilized. The step changes to cloudy and clearss&iart from the all-sky conditions. As shown ie th
earlier step changes, the pseudo-balance conditidinse reached very quickly — even in hours. The
measured Es fluxes emitted by surface in pseudmbalreveal that the phenomenon “the transient
change” exists. Es values of the different skigred by Zhang et dlare: Es = 394.1, Es= 396.3,
and Eg= 395.6. These values correspond to the follovalagk surface temperatures: 15.6°C, 16.0°C,
and 15.9°C. The clear sky value of 15.6°C is thweelst values but if the clear sky conditions could
prevail long enough — and locally it can happehe-gurface temperature would be the highest of all.
The reason for this seemingly illogical situatierthat clouds prevent cooling of the surface dutimey
night time and this effect exceeds the slow warnohdhe surface caused by increased SW solar
radiation during day time even for several days djinamic analysis will reveal, how long time this
situation can prevail. The transient time of thipomenon is the time required that the temperature
of the atmosphere corresponds to the new flux echlily the surface. This time depends on mainly the
time constanTy, (2.74 days) of the atmosphere. The size of thasieat change is 0.1°C for the
cloudy sky change and 0.3°C for the clear sky chang

= = = Pooydo-balance tem perature of clear sky ==« Pseudo-balance tem perature of cloudy sky
Temperature change from all-sky to clear sky — «Temperature change from all-sky to cloudy sky
25 . |
24 | | | |
! 7
23 L : !
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22 | / |
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20 - —
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is6 — — —— — — —L(P/
- . T T (R R e ———

15

Temperature, °C

14

13

c 0,05 01 1 100

1% Time, days
Figure 6.Dynamic responses of the surface temperatures dostbpwise changes from all-sky
conditions to the clear and cloudy sky conditioFise pseudo-balance values are the observed values.
The temperatures have been calculated from the hWéard fluxes emitted by the surface. The all-sky
surface temperature is 15.9 °C. The surface temperds related to the upward LW flux Es
(=Ag+Ac+Eu) emitted by the surface. The total crafigm Eg 395.6 to Es445 (= the true balance
value) is 49.4 W/rhand the change from E895.6 to Es381.0 (= the true balance value) is -14.6
W/m? The temperature change can be calculated asilmescabove dividing the flux changes
between land and sea and using the correspondiggdibnstants. Finally the surface temperature can
be calculated based on the Es values. This refdtipnneeds radiation emission and absorption
calculations applying the average global atmosphserdescribed by OllifaThe temperature graphs
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are depicted ifrigure 6. The all-sky surface temperature is 15.9 °C, tharcsky true balance value is
24.5° C and the cloudy sky true balance temperatsird3.2° C (Ollild).The pseudo-balance
temperatures can be reached and explained onligebfatt the atmosphere temperature moves in the
beginning to the opposite direction as the finarde.

CLOUD FORCING

Traditional Calculation Method: The differences between sky conditions are duééodegrees of
cloudiness in different skies. This effect is geatfigrcalled cloud forcing. Normally the cloud fong

has been calculated at TOA as the difference betwadear sky and all-sky in pseudo-balance
conditions. The albedo change is the differencevésen Rgand Ry, which is -51.2 W/rh (using the
values of this study). The outgoing LW radiatiorcid@se is the difference between QlaRd OLR,
which is 21.2 W/rh According to the most common definition, the ddorcing (CF) is the sum of
these two fluxes, which in this case is -30.0 W/ancooling effect. This value is close to the ealu
used in other studies (Ohring and ClEpplarrisonet al.'®, Ardanyet al.”°, Zhanget al.?, Raschkeet

al.’° Loebet al.™, Stephenst al.?), which vary between -17.0 and -28 W/average being -23.4
W/m?. Using the CF value of -30 Whand the cloudiness change 66% between clear kakyalthe

CS (Cloudiness Sensitivity) would be -0.46 W@L-%. It should be noticed that the calculation of
CF with the traditional method is sensitive for #nearors in SW and LW flux values. Spencer and
Braswelfhave created a more complicated calculation meftiodioud forcing by separating causes
and effect of the clouds. Their final conclusiorthat clouds have a negative impact on the surface
temperature. Dressférhas analyzed the TOA radiation budget in respdnsshort-term climate
variations from the years 2000 to 2010, and hislteshowed positive feedback of the clouds. So the
issue of cloud forcing still remains unclear with@ommon acceptance and understanding. The
author’s approach is to use the results of theggnbalance calculations and the analyses of the
dynamic behavior of the climate system. On thdalacale, the climate is in the all-sky condition.
Locally the sky can be clear or cloudy for shodetonger periods. Actually the global values o th
clear and cloudy skies have been calculated by mongblocally measured flux values because on the
global scale the real clear and cloudy skies derist.

Cloudiness and albedo effects on the surface temperature: The simplest possible way to analyze
the cloudiness and albedo effects on the surfanpdeature is through the total energy balance ef th
Earth equalizing the absorbed and emitted radidhixes according to the following equation

SC * (1) * (%) = sT* * (41P), 2

Where SC is solar constant (1368 \f)mu is the total albedo of the Earth, s is Stefan-Balan
constant (5.6704*1¥), and T is the temperature (K). The temperatureah be calculated from this
equation:

T.=(SC* (1 —0) / (4s))°® 3

Where T, is the temperature of the atmosphere corresporidagmitted LW flux. The average albedo
according to this study values (Olffjais 104.2/342 = 0.30468. Using this albedo valtre
temperature Jwould be -18.7 °C according to equation (3). Udinig temperature and the Planck’s
equation, the emitted LW radiation flux of the Bavtould be 237.8 W/f which is the measured
value of OLR and the same as used in this study. The tempergtealculated according to Equation
(3) is not the actual surface temperature of thghEhut the temperature at a certain level in the
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atmosphere corresponding to the LW radiation flmiteed by the Earth’'s atmosphere into the space.
The most common global surface temperature of thihEcalculated as the average value of the
surface measurements is 15 °C which means thagrdenhouse effect would be 33.7 °C. Because
Equation (3) does not include the GH effect, théase temperatureshas been taken into account by
adding 33.7Kinto T

Ts=T,+33.7 4

The Earth’s albedo depends mainly on the cloudin€dila’ has used the following values of
cloudiness and albedos for clear, all-sky and glasldy conditions: (0%, 53/342), (66%, 104.2/342),
and (100%, 120/342). The second-order polynomialbzafitted through these points and the result is

o = 0.15497 + 0.0028623 * CL — 0.000009 *TL 5

Where CL is cloudiness-%.The surface temperatusesiT be now calculated according to equations
(3) and (4) by using the different cloudiness (@hyl the albedo values of equation (5). The minimum
and maximum values of the Earth are 10.6 °C and 2Z, which gives the average CS of 0.171
°C/CL-%. The graphical presentation of the surfemmperature as the function of cloudiness and
albedo is depicted iRigure 8.

Cloud forcing according to true balance values. Figure 7presents a graph of the cloudiness trend
copied from the website of ISCEP(International Satellite Cloud Climatology Projet this
illustration we can see that the long-term changesoudiness level may take years. Utilizing theet
balance values of the different skitg222 Winf, 237.8 W/m and 289 W/r), a graph can be
prepared where the differences of the net incond¥g flux (NSR) are functions of the cloudiness
percentage. The surface temperatures follow thee safationship for the three different sKi¢$3.2

°C, 15.9 °C and 24.5 °C).

Using these three points of the different skiespahematical fitting can be made showing a slight
nonlinear dependency. Proper fittings are secoddraurves, which are the following polynomials:

CF: = -0.98105* CL + 0.0031105 * CL 6
CF =24.5-0.16389 * CL + 0.0005089 * €L 7

Where CEF is the cloud forcing in W/f CF; is the cloud forcing in °C, and CL is the cloudige
percentage. The surface temperature according tatBg (7) is also depicted iRigure 8. The
differences between the surface temperatures ofwbecurves inFigure 8 are due to the different
calculation bases. In Equation (4) the surfaceptrature is based on the global temperature
measurements. The temperature of Equation (7)sedban the measured LW flux values emitted by
the Earth’'s surface. The difference is 15.9 °C 0% = 0.9 °C when the cloudiness is 66%. The
explanation for this difference is in the accuracad methods applied in calculating the average
global values.
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ISCCP-DZ (1398307-200912) Mean Cloud Amount (E):
Deviations and Anomalies OF Region Monthly Mean From Total Period Mean
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Figure 7.The average global cloudiness (%) graph as montlkelgns from 1983 to 2010, presente
anomalies othe global monthly mean of 66.32% (ISCHP
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Figure 8: The surface temperatures as the functions of theloess percentage and albedos bast
the energy balance calculations and radiation dllyse:

The cloudiness forcing can be calculated the whole range from 0% to 100% and the cloud ifay
values would be 0.67 WHCL-% or 0.113 °C/CL-% (24.5 °C 13.2 °C). In reality the average glol
cloudiness can be estimated to vary in the raraya 80% to 70%, as can be seen from the behav
the cloudiness during the last 30 ye That is why a linear fitting is a good estimatethiis limited
range. The angle coefficients of these fittings-0.564 W/ni per CL-% and0.096 °C/CL-%. These
values are the CF values for the cloudiness che assuming that the change has settled to an
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level during the longer time period. This time sp&mbout one year, based on the time constants of
land and sea as previously analyzed.

Analysis of different cloud forcing values. In Table 3 is a summary of different cloud forcing values
calculated by different methods.

Table-3: The summary of cloud forcing values. The astefiskalues have been calculated by using
the climate sensitivity paramederAccording to IPC a typical value is 0.5* but according to the
AR5?® the value oh is only 0.85 K / 2.34 Wifi= 0.363** K/(Wmni?) .

Methoc Cloud forcing, Wn-2/CL-% | Cloud forcing, °C/C-%
Traditional, average valu-23.4 Wn-2)  |-0.3€ -0.18*,-0.13**
Traditional, this stud(-30.0 Wn-2) -0.4¢€ -0.23*%,-0.17**
Radiation balance equations (e-4) -0.471** -0.171

Total energy balance, cloud. ran¢-100% |-0.67 -0.11

Total energy balance, linearized 6-70% | -0.56¢ -0.09¢

The difference between 0.363 W/rand 0.46 W/rhcalculated in the traditional way is due to the
different SW and LW flux values measured at TOAe3é flux values are measured in clear and all-
sky conditions. The final result is that clouds @Widohave a negative impact on the surface
temperature. At the same time the measured LW d$lemitted by the surface show that the all-sky
LW flux upward is 395.6 W/m corresponding to a temperatliog 15.9 °C and the clear sky val(és
are 394.1 W/rhand 15.6 °C. If we compare the cloud impactstaedeal surface temperatures, there
is a most profound contradiction: the cooling effed CF has caused the increased surface
temperature!

The explanation is in the dynamical delays of thimate system. The pseudo-balance values as
depicted inTable 2 show that the real measured values of the upw@Vdradiation fluxes from the
surface (and the surface temperatures) move irbéginning toward the opposite direction when
compared to the final change. As previously analyzkis behavior is due to the warming effects of
clouds at night and the heat capacity of the attmaisp This state is temporary and will vanish in
about one week. This dynamic behavior may leadht wrong conclusion that an increase in
cloudiness has a positive impact on the surfacedeature, which is not possible in the long run.

A theoretical problem in calculating the CF in thaditional way is the OLRvalue of the clear sky
(259 W/nf), which is actually a pseudo-balance value catmsethe cloudiness change from 66% to
0%. The real CF is same as the net SW radiationgehawhich is 289 - 237.8 = 51.2 W/im the
cloudiness range 0-66% and 289 - 222 = 67 ¥imthe cloudiness range 0-100%. As shown above,
the change needs time, because the surface tenmgehats increased at the same time as the CF has
caused a cooling effect. Using the pseudo-baland®,®alue of the clear sky is simply not the right
choice in calculating cloud forcing, because thisRpflux is not a direct forcing but it is a result of
the real forcing caused by SW radiation change.
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The author’s choice is to calculate the CF valuapplying the total SW radiation change caused by
cloudiness change, to use true balance valuegpacaiculate the CF for cloudiness percentageén th

cloudiness range from 60% to 70%, which is the mbmange of cloudiness variation. The value of the
climate sensitivity paramet@rseems to vary in IPCC’s reports and which meaasttte right value

of A is still unclear.

There is a difference, if compared 0.171 °C/CL-%he value of 0.11 °C/CL-%. The latter value is
based on the GH effect calculations in the atmagphbat the radiation balance equations (2-5) does
not take GH effect into account and in this respleetCS value of 0.171 °C/CL-% can be assessed to
be more theoretical. The CF value of 0.67 W@L-% is 45.6% bigger than the 0.46 \WIGL-%
calculated on the traditional way. This differegesame as is the difference between pseudo-balance
and true balance values of radiation fluxes at TOA.

A short analysis can also be carried out to findwlether a cloudiness change could have a role in
global warming. According to IPCE, the historical warming till 2005 has been 0.76 A@plying the
cloud forcing value 0.096°C/CL-% of this study, th® cloudiness-% decrease is needed for the same
increase if no other impacts have been included Kihd of change may be possible if compared to
the trend graph dfigure7.

DISCUSSION AND CONCLUSIONS

In this study, dynamic analyses have been cartigdoo the changes between different sky conditions
The time constant of the land process has beenrhdiths and for sea process 2.74 months. The
author has analyzed the real time data (ABMnd found that the time constant for the cloustne
change process is 4 minutes, cloud heating/codlidgminutes, and for absorption/emission of SW
radiation the time constant is 8 minutes. The amas of these time constants are not critical. The
time constant of the atmosphere warming/cooling assponse to the LW upward radiation has been
estimated to be 2.74 days. The accuracy of the ¢onstants of land and sea processes has a dominant
effect on the time domain behavior of the true hedavalue. The true balance values of radiation
fluxes are quite theoretical and cannot be achiemedhe global scale if applied to the clear and
cloudy sky conditions. On the other hand the cloesls changes having surface temperature effects
may reach new true balance states, because thgeshean take years.

The simulations of dynamic changes using the aeki¢gime constants reveal that in all changes, two
rapid changes in the atmosphere can bring the mgigbW radiation at TOA almost exactly
(difference from 0% to 0.3%) to the observed psehmlance values of clear and cloudy skies (259
W/m? and 226.8 W/, Actually so small differences mean that the psebmlance values have been
reached after the atmospheric flux changes. Thegsie processes are the cloudiness change process
and the SW insolation absorption process in theospimere. Because the time constants of these
processes are only 4 minutes and 8 minutes, thalpdealance values can be measured as quickly as
diurnal variations have been included in the dBecause the main change depends on the very slow
change of the temperature of land and sea, acgptdidynamic analyses, the pseudo-balance values
stay within +1 W/m from 1 to 13 days depending on the change typés Tieans that the
measurement time of pseudo-balance values for atehcloudy skies is not very time-sensitive.

The analysis of pseudo-balance radiation fluxegakwhy the surface temperature moves in the
beginning of the change to the opposite directiortha final change. For example, the change from
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all-sky to cloudy sky increases the LW upward aodmivard fluxes in the beginning so much that at
pseudo-balance, the surface temperature has iedrdasm 15.9 °C to 16.0 °C, but finally the true
balance value of the cloudy sky surface temperatwoelld be 13.2 °C. The reason for this
phenomenon is the temporary warming of the lowenoaphere because of clouds. In cloudy
conditions the night time cooling, according tof&feBolzmann’s law, is so much smaller than the
corresponding cooling under a clear sky that therage temperature will increase slightly even
though the daytime insolation is higher. There oad illustration of this phenomenon kilgure 2
based on the real data. The author has calleghtbéess the transient change of atmosphere. Tlee tim
constant of this process has been assumed to [sathe as warming and cooling of the atmosphere
due to the LW radiation change, which is estimatelde 2.74 days.

The only explanation for the small changes in ofipalirections in the beginning of the change is th
transient process of the atmosphere. The measunitte@ flux values by surface in the pseudo-
balance skies could be a reason that some reseattdne concluded that the clouds have a positive
impact on the surface temperature. When the clireffi¢ets and changes are addressed, the time scale
should be at least one year and preferably 10 years

The calculated results mean that the cloudinessedse from 0% to 66% decreases the balance
temperature of the earth from 24.5 °C to 15.9 °@ the further increase to 100% would decrease the
surface temperature to 13.2 °C. The cloud effeailévbe -0.65 W/rhper 1 CL-% and -0.113 °C/CL-

% over the whole cloudiness range. Kauppinen asdrdésearch team (their research paper is in a
review process - private communications) have ¢atled this sensitivity based on a dynamic physical

analysis, with the value being -0.11 °C/CL-%, whishhe same value as calculated on the basisof th

total energy balance.

It should also be noticed that the common useddclioucing values of 21-28 W/m(cooling) is
applicable only for short term impact calculatidrecause this value is based on the pseudo-balance
values of the clear sky. The cloudiness changedbasethe long-term changes originating, for
example, from the sun and cosmic radiation chartggsens over a span of years, and it means that a
new balance state can be reached. Scientists rdiffatent results on the impact of clouds. The
majority of researchers have found that clouds lmading effects on the climate. Some researchers,
e.g. Dressléf and Laciset al.?®, have reported warming effects of clouds in the @Bténomena. In

this sense, the results of this study are veryrcleag term cloudiness changes have a negativadgmp

on surface temperatures as well as on the OLRdluxbich is already a known fact.

According to the IPCE&, the radiation forcing value of 1.6 W/raf 99 ppm CQincrease has caused
the temperature increase of 0.76 °C from 1750 @b28ssuming that the warming effect has totally
reached the new balance value. Utilizing the liizear cloud forcing values 0.564 WHMECL-% and
0.096 °C/CL-% calculated according to the true hedgamethod, 3% cloudiness change would cause
1.6 W/nf climate forcing corresponding to only 0.29 °C gase and 7.9% cloudiness decrease is
needed for 0.76 °C increase. Offflnas calculated the warming value of 0.2 °C for38eppm CQ
increase utilizing spectral calculation methods.

Two potential reasons could explain the resulttP@C. One explanation is that the water feedback,
which doubles the COmpact, has been used in the calculations refdryetPCC and/or the water
content of the atmosphere has been smaller thidneireal global average atmosphere, which increases
the warming effect of CQ IPCC has omitted the cloud forcing effects invil@rming analyses even
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though 6% cloudiness change and the conservaiivatel sensitivity value of 0.3 WitCL-% would
cause 1.8 Wrhforcing having the same effect as £O

The primary energy comes always from the sun aed il radiation fluxes depend on this energy
source in the long run. The real cloud forcing tstéiherefore from the SW radiation flux changes,
which force the climate finally to another balastate. The forcing process goes through the diifere
atmospheric processes including the changes of atliation fluxes caused by clouds. The cloud
forcing issue can be also simplified by calculatthg long-term (min. 1 year) surface temperature
changes caused by the global cloudiness changes.irntheased cloudiness always decreases the
surface temperature in the long run.
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