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Abstract

Introduction: This research investigates the relative importance of two opposing effects on
global warming. On one hand of this global warming there is the greenhouse effect and on the
other hand there is solar radiation effect. Identifying the two effects is not straightforward
because only the sum of the two effects is observed. Decomposing the two effects is important
because the existence of the solar radiation effect obscures the magnitude of the greenhouse
effect.

Material and Methods: A simple climate model is used in this research. The climate model is
based on the idea that a surplus or a deficit in the energy balance causes a change in
temperature. Therefore, the climate model is modeled according to the earth’s energy balance.
The data used in this research is gathered from 170 weather stations for the period 1950 — 2010.
Among these weather stations, after some adjustments, 120 weather stations remained and were
used in estimating the model and parameters. The parameters are estimated by using Dynamic
Panel method and the results are extended to sensitive analysis.

Results and Discussion: During the 61 years (1950-2010) temperature increased by an
estimated 0.77°C, which is decomposed as a greenhouse effect of 1.97 °C, a solar radiation
effect of 1.08 °C, and a remainder term of 0.12. The solar radiation effect is masking 55% of the
greenhouse effect. Thus ignoring dimming causes a serious underestimation of the greenhouse
effect.
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Table (3) — Sensitivity Analysis: Solar Radiation and Greenhouse Effects

slalsJs i

Sy 95 (59 1 51

v

VAYAYYA (< /YFYAQY)

=V AAFEY (/- AYDNY)

aly Joe

ol Joe gl

YIOFAAY - (+IYYEYYTO)

—+[AOYYYE (+/14Y-35)

(Y Jow) oSl @,08

VEAAY Y- (C/IYNAYYY)

AtV ANCARINARD

(¥ Jow) bws! Jow

@bl Juso gl

VAEYNOX (N EEYAA)

< IAFY-SF (- FYYSY)

(fa Jow) aadq g0

V/AAYAYS (- IFAFEYY)

S+ < QAYF (-/YFV-BY)

(tb Jas) aiby oz

VIVAEAYY (CAYYEYY)

—+/PEYN Y (¢/VYARYY)

@ Jow) b —5.‘&)'! Jse

VYEAAA (] - AYFY)

EARIS ESACARAR RS

¢ Joo) sl 1o SO Jowe

oals glgil

VIEYNAYY (/AVEY-Y)

—+[AYYEYY (+/- YOFYD)

( Jow) TEMP

VIPAVEYE () -AYAY)

“V/OYAQDY (/Y- 0YF)

A Joo) Loy

VIEYYYAY (¢+/NY-9YVY)

—+/AYEE ((1VOAYYY)

QA Jao) belS sloolSy] 5 st Ty

VAYAY-Y (+/Y¥-VaA)

—+/AFAAYS (/- - AAYF)

@b o) JolS sloolSiy) 5t Ty

(el ylons Byl 5 Ly 52l 51 slael) i slo amdly :ario

oy Sirmogs S 5 1Y sle @) A 5]
abal, cpl o 098 0 Ll0ye5 0 (65 G Sl 510 /AQY
b 5o el e slansy, Sl (s laie s ol il
G SISl A e g ol AT aies o ey | e
S5 J5 9 0shioe SF0ml AT 5 g0t o>
Gs8 ol sy SO e s IS 45 S 04D o
2 5 Wlosds slm] (lailsJ5 ) COp bawgs 45 slals JS
@ Cumd (0> s8R FD e G S s

L ol Sl Slog 8

S5 Al
OhlesS odes yob 4 (ol o 55 Hl g SllEUS S g
5 GRIB S0k GBS S asS e s ) sl
e 85 Sl B gl b g S aenSTies S el

aS oyl cpl ol mgty ol jo colatwl 0590 cendl Jow
wobige bod jo i & e 350 55 50 oS b ol
O) 5 Ve aloleo) gy oy sl e gl ol 4285 S5
LI 1 melsl Jan ol 45 (5 glie 35
L% 3 3l 05 5 welis 550 s 4 Los ol
sl & TEMPy &Senl 23 bs B =11 =0 5
Oz gb ad)S Hha o aly sesie Glgie @ TEMPpyq
Jbe Olgie @) bl (oS5 ools oo @ porie (63,509,
Joel b (1 Je) L] ke s amlgs (1) b )+ ¥oles
g o 033 Haesd Al Jow alie gladad slacgsgase
SFomb sl 5 oty soin S eSS
F0) o b sandys> s5in 5l a5 sba cylon Cunoa,
g S ) 095 Ceamd (1900 IS 0 o9l Flisnl oS (a0
S b aly Joo 4 o ol (s 0Ll ST sy



(oo i e

VP F oloy3T 5 0ylod o 3 bnmo (559935 g pole

v.]

33 S 03 (Jlie plgie ) ppe (oaldl slaan T3 5 i
SLdlSin] s a5 O jse (pay wiloais (g3l Jow (Lusildl
Sy Wloads as Sl jo (i) (ne) Sy 2 O92ge
9 Sl oad (Lhg i k) (655 p 397 9e Lol

dgaze |y loj (Bl dpodls dy s yiwd g oSl Colys

&L

[1]. National Oceanic and  Atmospheric
Administration (NOAA). Climate change:
atmospheric  carbon  dioxide  [Internet].
Washington, DC: NOAA; 2024

[2]. Raisanen, J., 2007. How reliable are climate
models?, Tellus A, 59, 2-29.

[3]. Tett, S.F.B., Jones, G.S., Stott, P.A., Hill, D.C.,
Mitchell, J.F.B., Allen, M.R., Ingram, W.J.,
Johns, T.C., Johnson, C.E., Jones, A., Roberts,
D.L., Sexton, D.M.H., Woodage, M.J., 2002.
Estimation of natural and anthropogenic
contributions to twentieth century temperature
change, Journal of Geophysical Research, 107,
4306.

[4] Stott, P. A, Jones, G. S., Lowe, J. A., Thorne,
P. W., Durman, C. F., Johns, T. C., & Thelen, J.
C. (2006).Transient climate simulations with the
HadGEM1 climate model: Causes of past
warming and future climate change.Nature,
441(7091), 610-613.

[5].Allen, M.R., Gillett N.P., Kettleborough, J.A.,
Hegerl, G., Schnur, R., Stott, P.A., Boer, G.,
Covey, C., Delworth, T.L., Jones, G.S.,
Mitchell, J.F.B., Barnett, T.P., 2006.
Quantifying anthropogenic influence on recent
near-surface temperature change, Surveys in
Geophysics, 27, 491-544,

[6]. Crutzen, P.J., Ramanathan, V., 2003. The
parasol effect on climate, Science, 302, 1678-
1680

[7]. Bellouin, N., Boucher, O., Haywood, J., Reddy,
M.S., 2005. Global estimate of aerosol direct
radiative forcing from satellite measurements,
Nature, 438, 1138-1141.

[8]. Myhre, G., 2009. Consistency between
satellite-derived and modeled estimates of the
direct aerosol effect, Science, 325, 187-190.

[9]. Ramanathan, V., Crutzen, P.J., Kiehl, J.T.,
Rosenfeld, D., 2001. Aerosols, climate, and the
hydrological cycle, Science, 294, 2119-2124.

[10]. Delmotte, V., Zhai, P., Pirani, A., Connors, S.
L., Péan, C., Berger, S., Zhou, B. (2021).
Summary for policymakers. In Climate change
2021: The physical science basis (IPCC
Working Group I). Cambridge University Press.

S sry b nl poedle edoe Gl b S 4
5 iz shenail )3 | el 58 Wgdioe ouels Jusg 5]
laJusg 51 5o Gl & e it Sogll ims oo UL
G deyo8 o) & SFpS SS9 A6 5k 098 e
O BB 52055 oo BT (g ol 55 pndi w18
el (ladhie L) (oo S SG Baes (6l j9 lnds
P S0k ol (nl &5 090 S0 (e yg amdi e 4y
55 Jold gl Gle S Galple el Gandye> 9
Sz 50 85 Sl GBS 5 gundyer s ST adlse
55 0l gseme i &S alr o] 51 aiS o Jas S0y (oSe
A Gpgh cnl )0 (WlBlas Ohge 4 4) 04d oo oanlive il
Jowe ol jo jelate cpay sl oals ailo 1 g0 cpl punss
Ol G 9 00 )l ooy (55 ol @ az g b (oeldl
e Sl Joo o 4 alies sl 4 (enlll o
b sloosls oy, 5l esliinl b o sloyial)ly g asdly s
S5 9 bed it or 595 p Jold Wrosls ot A5l by
ol s 30 ity oS 1Y+ 5l S sl S a0
ol 0o (65l ez VAD: = YoV e Sloj o3l sl ke
VY OC Jsbee giwess b Les (V20--Y-1 ) Jlo 7Y b
SIS 1 S g0 4 e ol 45 ol @il il
G5n 51 S (NF Jlae sl L) VAY °C e 4
So g ClA Jhre Glaz L) VA °C e 4 san )55
9y ol 5l etee s Y Gl 4 el BL alex
Jlo gl 50 andyss Ggin 5 ladug il a5 S50,
3590 &yl pw Glod (5 Kileo D50 ()l jo cwaiiley SBL VRO
Ssin A olale og walss VLA PC (e oy Uil
B0 aS5ysbar el JIs;53 5 2V Sl Sl gand o>
Oiirgy ow |y (Gl 5 51 cde @) Lo aulidl 5l as e
G ok 4 y9 a5l gy i alple aes e )13
Rydse S 51l 0l 4 e

oolaly ame glaosls (il a5 o jo sl S5 a4y p3¥
ddo 4 gl o giledoe Gim il alids slo Jow
sl by, onl 5o 45 GloasS sgamme (omj Dlig
Wl el oad oF Slaslie Jols & (g pmite 5 mado
Ao 380, ) GBI Aegh cnl yo wed Jlesl
Jedo 050 azgi 1 4 Wb a5 (6,500 e A el o0l
pae olsie b byl el anlil gla o sl Copusli
ol ool 055 o S5 Sl o0 B 08
Slyeds plp 50 (Aogh (nl @S &5 wims oo GLiS 00 S
oo nd blE st Il g pSoties b S8

aS cwl mh s Glagh cpl o eolatul 590 senddl



[ A OLaials cymt 33 G § Lo (38,55 9 (BB (1S b (55T (b3 ]

[13]. Forster, P. M., Smith, C. J., Walsh, T,
Lamboll, R. D., Lamb, W. F., & Richardson, T.
B. (2023). Indicators of global climate change
2023. Earth System Science Data, 15(6), 2295—
2327.

[14]. Thornhill, G. D., Collins, W. J., Kramer, R. J.,
et al. (2024). Effective radiative forcing from
aerosols and greenhouse gases in CMIP6
models. Atmospheric Chemistry and Physics,
24, 1123-1145.

[11]. Forster, P. M., Storelvmo, T., Armour, K.,
Collins, W., Dufresne, J. L., Frame, D.,
Watanabe, M. (2021). The Earth’s energy
budget, climate feedbacks, and climate
sensitivity. Earth System Science Data, 13(11),
5125-5159.

[12]. Smith, C. J., Forster, P. M., Allen, M., Leach,
N., Millar, R. J., Passerello, G. A., & Regayre,
L. A. (2024). Current human contribution to
global warming. Nature Climate Change, 14,
207-213.



