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P-recycling and Water Availability

(Gimeno et al 2012)



More Forests = More Water?

Current Objections to the Supply-side 
Model?

 This is a demand-side, c-basin centric 
approach and looks only at evidence 
based on larger catchment scales!

 Despite being a “Meta-Analysis”, this 
study fails to consider any of the supply-
side literature on this topic!

 There are NOT many published criticisms 
of the supply-side approach that address 
its merits.

 The Filoso et al findings are not 
surprising and are similar to what the 
supply-side literature would also predict.
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P-recycling and the Concept of Hydrologic Space



(Van der Ent et al., 2010)

(Bosilovich et al., 2002)

The Share of Terrestrial ET in Continental Rainfall

 On average, Forests provide more 
evapotranspiration (atmospheric moisture) for 
cross-continental transport than other land 
cover surfaces.

 Land further away from upwind coasts is 
typically MORE dependent (vulnerable) than 
other lands.

 Land-atmosphere interactions and land use 
practices matter for the distribution of water 
across terrestrial and continental surfaces.

Continental 
evapotranspiration 
feeds an important 
share of terrestrial 

Precipitation
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When are More Forests Potentially a Good Thing?
(Slide 1)

Alternative HydroSpace Management Scenarios:

 Add forest and vegetation cover, for example, to upwind coasts where 
evapotranspiration is likely to primarily affect water that would otherwise 
flow into the ocean

 Add additional forest in locations where the water supply is relatively 
abundant, or where moderate tradeoffs are acceptable. Not all locations 
are water stressed! (E.g. flood management, etc.)

 Not all places in the world are experiencing increasing temperatures and 
declining rainfall. Some, e.g. the Boreal region, are experiencing rising 
rainfall. This ultimately makes trees and forests more attractive.

 Take advantage, where possible, of local, unique conditions. Orography, 
forested watersheds, local weather patterns.



What are the Consequences of Removing 
too much Forest?

What are the downsides of forest removal and its extreme case, 
deforestation (and loss of intact forest cover)?

 Given rising temperatures and declining rainfall, one conventional 
forest management strategy suggests reducing forest density (to 
maintain downstream water supplies)

 This may have the consequence of reducing ET output from the basin. 
Iterated across up- and downwind space, this will have an increasingly 
powerful impact on rainfall in locations that are more dependent upon 
p-recycling. (Deforestation)

 At the end of this chain, some downwind communities could suffer 
significantly by losing an important share of their water. (Vulnerable 
regions)
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Alternative HydroSpace Management Scenarios:
 Are there limits to the degree to which one can indiscriminately 

remove forest and tree cover from terrestrial surfaces? Ilstedt et al 
(2016) in fact argue there is some as yet not clearly defined level of 
“optimal tree density/cover” that maximizes groundwater recharge, 
while minimizing the potential for producing evapotranspiration. 

 Protecting and restoring “water towers”. High altitude, montane and 
cloud forest regions are of particular importance. Situated at the 
“receiving end” of forest-water hydrologic cycle, with the potential to 
directly extract moisture out of the atmosphere, many montane and 
cloud forests contribute disproportionately to downstream runoff. 

 Take advantage, where possible, of local, unique conditions. 
Orography, forested watersheds, local weather patterns.

When are More Forests Potentially a Good Thing?
(Slide 2)



Emory Ellis et al (2018)

Intact Forest and Climatic 
Relationships

 How are forest density, windspeed and 
rainfall related?

 The two predominant theories would 
suggest one of two things:

1) Windspeed is unrelated to forest 
cover and is primarily the result of 
differences across atmospheric 
pressure gradients.

2) Winds are a function of fluxes 
driven by forest cover and 
evapotranspiration (Biotic pump).

 We find instead that winds are slower 
over areas with high forest density and 
rainfall is higher.

 This may suggest an important 
relationship for Intact Forests

 Could have an important impact on the 
share of local precipitation-recycling.



Forests, Water and Hydrologic Space:
Main Conclusions

Forest cover plays an important role in the global hydrologic cycle. Continuous Forest Cover 
loss has a negative impact on climate, rainfall, water availability, etc.

Increasing forest cover can lead to increasing precipitation and runoff (and vice-versa).

The global impact of increasing forest cover does not rule out local demand-side impacts. 
(Forests use water. Tradeoffs are possible, but so are win-wins).

Forest-based ecosystems provide an ecosystem service that extends well beyond their ability to 
produce biomass, carbon sequestration, etc. This role must be nurtured. (ET, cooling, 
precipitation triggers, infiltration & groundwater recharge).

C-basin interconnectivity is the key to understanding how water is transported across terrestrial 
surfaces.

The supply of water available on continental/terrestrial surfaces varies depending on the impact 
of land use practices and the role of connectivity across hydrologic space.

The transboundary and perhaps the transregional concept of Hydrologic Space should be 
placed at the core of water and land use management planning strategies. Time for 
paradigm change.



Thanks for Listening!

Comments Welcome
(EllisonDL@Gmail.com)



META-ANALYSES 
RESUTLS

Filoso S, Bezerra MO, Weiss KCB, Palmer MA (2017) Impacts of forest restoration on water yield: A systematic review. PLOS ONE 12(8): e0183210. 
https://doi.org/10.1371/journal.pone.0183210
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183210

Water yield data (yrs)

No. Years of 
Study

Size of 
Catchment

(Filoso et al., 2017)

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183210


(Jan Pokorny, Hesslerova et al., 2013)

The Cooling Power of Forests

(Bounoua et al., 2015)

Urban Areas 
above/below 35% 

Impervious Surface Area 
(ISA)

 Forest-water interactions 
dissipate solar energy

 Transpiration and Evaporation 
require energy

 Surface cooling is the result.



16Why do Forests matter for Water and Climate? Strategies for Sustainability        Leuven 8-10 June 2015 

Ice nucleation active microorganisms are implicated in «rainfall feedback»

ICE PROPAGATION

COLONIZATION

ICE NUCLEATION

TRANSPORT
PRECIPITATION

DEPOSITION UPWARD FLUX

MULTIPLICATION MICROBIAL STOCK

(Cindy Morris, Morris et al. 2014)

Forests as Rainfall and Bio-Precipitation Triggers
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