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are also evident over the tropics, particularly in the west Pacific 
and Indian Ocean, while regions of decreasing water vapour over 
parts of the east Pacific and tropical Africa and South Amer- 
ica correlate spatially with increases in clear-sky surface solar ra- 
diation (Fig. 1 b). However, large increases in surface clear-sky 
insolation over the USA and Europe are instead explained by 
the declining absorption and scattering of sunlight by aerosols 
[1 ,2 ], while continued increases in air pollution over India are 
associated with reduced surface sunlight (Fig. 1 b), which com- 
pound the extra absorption of sunlight from more atmospheric 
moisture. 

The new analysis [3 ] is the first to clearly attribute a growing 
component of the observed changes in surface sunlight to atmo- 
spheric moistening and, further, to highlight how future changes 
in sunlight received at the ground are sensitive to greenhouse- 
gas and aerosol-emissions scenarios. The growing impact of at- 
mospheric moistening on declining surface sunlight in recent 
decades is shown to continue in the higher greenhouse-gas- 
emission scenarios. Yet, the increasing atmospheric moisture 
only marginally limits the sunlight that reaches the surface and 
much of the extra energy that is absorbed by the atmosphere 
ultimately heats the surface. Therefore, increasing atmospheric 
water vapour strongly amplifies the warming of climate. 

Recent and future regional changes in cloud, aerosols and 
water vapour are uncertain. Moisture variation can be spuri- 
ous in reanalyses due to changing observing systems [5 ] while 
coupled climate models overestimate warming and atmospheric 
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urface solar radiation drives the global water cycle and provides 
nergy for photosynthesis as well as solar power. A decline in 
unlight reaching the surface of Earth has previously been identi- 
ed and linked with greater reflection and absorption by aerosol 
article pollution and the influence of this haze on cloud [1 ]. 
hile cleaner air has led to a recovery in the surface sunlight that 

s received in some regions such as the USA and Europe, and 
ore recently China [1 ,2 ], a new study has identified a grow- 

ng influence of greenhouse-gas-induced warming and a conse- 
uent increase in atmospheric moisture [3 ]. By combining the 
atest observations and state-of-the-art climate simulations, the 
ew analysis unpicks the causes of a decline in sunlight reach- 
ng the surface of Earth. Previous predictions based on computer 
odelling [4 ] are confirmed, while ongoing changes in surface 

nsolation are shown to depend on future emissions scenarios 
hat determine how much warmer and moister the atmosphere 
i l l become. 
Water vapour is increasing with atmospheric warming [5 ] 

nd this is intensifying the global water cycle [6 ]. Rising water 
apour concentrations are also amplifying warming through ra- 
iative feedback, which is dominated by the potent greenhouse 
rapping of infrared radiation but compounded by greater ab- 
orption of sunlight by more numerous water molecules [7 ]. 
his latter effect steals sunlight that is bound for the surface of 
arth. Recent increases in column-integrated water vapour are 
revalent globally, particularly over the ocean (Fig. 1 a). Con- 
urrent decreases in surface downward clear-sky solar radiation 
-4 -1 1 40

(a) Column water vapour (kg m-2)  2010–2023 minus 1995–2009 (b) Clear–sky surface solar radiation (W m-2)  2010–2023 minus 1995–2009
90°N

45°N

45°S

90°S

0°

0° 90°E 180° 90°W

90°N

45°N

45°S

90°S

0°

0° 90°E 180° 90°W

-2 -1 1 20

igure 1. Changes in (a) atmospheric column-integrated water vapour and (b) surface clear-sky downward solar radiation (1995–2009 to 2010–2023) 
imulated by the European Centre for Medium-range Weather Forecasts 5th generation reanalysis (ERA5) [11 ]. 
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oistening in the early 20 0 0s [5 ] and are unable to capture an 
bserved drying in arid and semi-arid regions [8 ]. The complex 
nterplay between aerosols, cloud and atmospheric moisture 
mplies substantial regional variation and uncertainty. Cloud 
hanges are not well constrained and are influenced by chang- 
ng wind patterns that may dominate signals of an increase or 
ecrease in solar radiation in many regions. Therefore, the water- 
apour-induced decreases in surface insolation may be limited 
ompared with other regional factors that involve cloud and 
erosols. A recent observed increase in the planetary absorption 
f sunlight [9 ,10 ] that is not well understood adds to the de- 
ate surrounding how the energy budget of Earth is changing. 
round-truth observations are therefore crucial in determining 
ow the amount of sunlight that reaches the surface of Earth wi l l 
lter in the future. 

ichard P. Allan 
epartment of Meteorology and National Centre for Earth Observation, 
niversity of Reading, UK 
-mail: r.p.allan@reading.ac.uk

onflict of interest statement . None declared. 

The Author(s) 2025. Published by Oxford University Press on behalf of China Science Pu
ommons Attribution License ( https://creativecommons.org/licenses/by/4.0/), which p
ork is properly cited. 
Page 2 o
EFERENCES 

1. Wild M. J Geophys Res 2009; 114 : D00D16. 
2. Schwarz M, Folini D, Yang S et al. Nat Geosci 2020; 13 : 110–5. 
3. Song F, Mao Y, Liu S et al. Natl Sci Rev 2025; 12 : nwaf007. 
4. Haywood JM, Bellouin N, Jones A et al. J Geophys Res 2011; 116 : D20203. 
5. Allan RP, Willett KM, John VO et al. J Geophys Res 2022; 127 : e2022JD036728.
6. Douville H, Raghavan K, Renwick J et al. Water cycle changes. In: Masson-
Delmotte V, Zhai P, Pirani A et al. (eds.). Climate Change 2021: The Physical
Science Basis , 2021, 1055–210. 

7. Allan RP. J Clim 2009; 22 : 3127–45. 
8. Simpson IR, McKinnon KA, Kennedy D et al. Proc Natl Acad Sci USA 2024; 121 :
e2302480120. 

9. Hodnebrog Ø, Myhre G, Jouan C et al. Commun Earth Environ 2024; 5 : 166. 
0. Loeb NG, Ham S-H, Allan RP et al. Surv Geophys 2024; 45 : 1757–83. 
1. Hersbach H, Bell B, Berrisford P et al. J R Meteorol Soc 2020; 146 : 1999–2049.
f 0

mailto:r.p.allan@reading.ac.uk
http://dx.doi.org/10.1029/2008JD011470
http://dx.doi.org/10.1038/s41561-019-0528-y
http://dx.doi.org/10.1093/nsr/nwaf007
http://dx.doi.org/10.1029/2011JD016000
http://dx.doi.org/10.1029/2022JD036728
http://dx.doi.org/10.1175/2008JCLI2616.1
http://dx.doi.org/10.1073/pnas.2302480120
http://dx.doi.org/10.1038/s43247-024-01324-8
http://dx.doi.org/10.1007/s10712-024-09838-8
http://dx.doi.org/10.1002/qj.3803
https://creativecommons.org/licenses/by/4.0/

	REFERENCES

