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Global Hydrologic Cycle and Variations in Land Cover

(Gimeno et al 2012)

Precipitation Recycling: Large and important benefits from increased wetland and forest cover!

The total amount of 
water available for 
rainfall on the Land 
Surface is variable 

and depends heavily 
on the density and 
extent of tree and 

forest cover.

More tree and forest 
cover can positively 

affect the relative 
intensity of the 

hydrologic cycle 
across the land 

surface



Ellison, David, Jan Pokorny, Martin 
Wild (2024). Even Cooler Insights: On 
the Power of Forests to (Water the 
Earth and) Cool the Planet, Global 
Change Biology, 30, 2: e17195.
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How much of an impact could increased cloud cover have?

These back-of-the-envelope calculations presumably overestimate factors such as reduced 
temperatures (with more TFVC), E over water bodies, magnitude, etc.

IPCC AR6 WGI Ch7: the EEI is estimated at 0.5 ± .185 Wm2 (for the period 1971-2006),
and 0.79 ± .27 Wm2 for the period 2006-2018
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Direct causal effects of CO2 Emissions/Removals

Avg Annual 
Gap

≅ +2.39 
ppm

Avg Annual 
Drawdown
≅ -7 ppm

The annual drawdown/re-emission 
gap (imbalance) is growing:

1960: +0.82 ppm 
2020: +2.39 ppm 

(IPCC AR6 WGI Ch5).
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All or most of this gap could be eliminated by:
1) Stopping deforestation

2) Restoring historically lost forest cover



The same amount of energy (2,480 kj) 
will warm a 1 m2, 144 kg block of light-
colored concrete by 10°C. Some energy is 
reflected back toward space. The energy 
remains stored on the surface.

dT = +10 °C

88 mm layer

1,240 kj

The Consequences of Albedo on Various Surfaces

(Bader, Ungvari and Ellison, work-in-progress)

2,480 kj of energy will warm a 1 m2, 
288 kg block of dark-colored 
concrete by 10°C. The energy 
remains stored on the surface.

dT = +10 °C

166 mm layer

The same amount of energy 
(2,480 kj) is required to 
evaporate 1 mm of water from a 
1 m2 surface. The surface 
temperature does not change.

dT = 0 °C

1mm layer



If 1 mm of water is available in tree and forest cover, 2,480 
kj will evaporate 1 m2 of this water and surface 
temperature will remain unchanged.

dT = 0 °C

Tree and Forest Cover facilitate energy 
exchange for two principal reasons:

2) Store water on the land surface through
infiltration and groundwater recharge

1) Facilitate evapotranspiration, moving water 
from the land surface into the atmosphere

Albedo and 
Tree/Forest Cover



Enhanced ET Regime

Storage, Soil Water Infiltration, the ET Regime and Vegetation Dependence
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Dominant Paradigm

Transpiration Overland flow Soil evaporation Groundwater rechargeInfiltration

Updated Paradigm

Share of Tree & Forest Cover

Water Table

Subsoil

Enhanced Soil Water Storage
• Minimum tree cover 

requirement 
(restoration)

• Optimal tree cover 
density? (may be 
much higher)
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• But does increased 
ET lead to global 
climate cooling?



(Pokorny, Hesslerova et al., 2013)

We Know ET Cools the Land Surface, But What does Albedo Tell Us?

(Bounoua et al., 2015)

Urban Areas 
above/below 35% 

Impervious Surface Area 
(ISA)

 Forest-water interactions 
dissipate solar energy

 Transpiration and Evaporation 
require energy

 Reduced Surface Warming is 
the result.
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• This may be about as 
close as we can get to 
an estimation of the 
deforested state (i.e., 
without clouds).

• The net result of the 
increase in the 
downward solar 
radiation flux and the 
increase in the upward 
thermal heat flux is 
equivalent to about 
+20 Wm2 (+5.8 Wm2 
over the land surface)

• Suggests deforestation 
brings significant 
warming (not cooling)

• The loss of cloud 
cover matters!

Global Energy Budget under Clear Skies

Numbers in red compare the clear sky to the energy budget with clouds. Wild et al., (2019)
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Wild et al., (2020) 

Global Energy Budget under Skies with Clouds
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Does terrestrial 
surface cooling 
(ET) lead to global 
cooling?

• ET does lead 
to cloud 
formation!

• Increases top-
of-cloud 
reflectivity 
(albedo)







Some Conclusions:

Increased wetland, tree, forest and vegetation cover contributes dramatically to many 
significant and beneficial outcomes:

• The cross-continental transport and recycling of water and atmospheric moisture

• The cooling of terrestrial surfaces (lowering of surface temperatures) requires TFVC!

• More wetlands and forests can also bring extensive global cooling: 

o Reduction of atmospheric CO2 (carbon sequestration).

o Increase in cloud cover and top-of-atmosphere reflectivity (through increased ET 
production).

 Each tree is a carbon sink, each tree is a cooling tower, each tree is a potential source of 
future rainfall.

 Degraded landscapes contribute to the land heat sink and promote additional warming

 Degraded landscape restoration is necessary to reverse warming and improve the cooling 
power of trees, forest and vegetation cover.



Thanks for Listening!

Comments Welcome
(EllisonDL@Gmail.com)

The views expressed are those of the author and do not 
necessarily reflect the views of the United Nations
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