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Current wisdom on the Hydrological Cycle: 

 

The water resource is provided by precipitation from the large weather 

systems.  And all that is required is to manage it properly. 

 

Is this universally true? 

  





Isotopic studies of rain in tropical rainforests (Brazil) 

show that approximately 65% of the water precipitated 

in any one day, during the rainy season, comes from 

water precipitated on the three previous days. This 

suggests that: 

 

At the beginning of the wet season there is a massive 

inflow of water vapour evaporated from the oceans, and  

 

Afterwards, the water is basically recycled (re-

circulated) between the soil-forest and the atmosphere 

producing a daily afternoon-evening shower.  



After each shower, the atmosphere clears during the 

evening-night but remains near saturation. The 

moisture left in the atmospheric layer to 2500-3500 m 

height is the carrier component. 

 

The next day, solar heating and the evapotranspiration 

from the forest and soil create a “moisture 

convergence” over the tree tops that feeds the next 

afternoon shower.   

 

Thus, the moisture provided by the evapotranspiration 

can be considered the “trigger component” for the 

shower to occur. 



100 events/year 20 L/m2/event 

The product is = 2000 L/m2/year.  Is this really the resource? 

Losses to runoff = 700 L/m2/year 

Atmospheric NET input ? 

The recycled amount = 1300 L/m2/year.  Is it consumed by vegetation ? 



 The amount of water recycled by the forest, i.e., the 1300 

Litres, per m2, per year, is required to maintain the forest-soil-

atmosphere system operating to obtain the amount of runoff. 

 

 The real water resource is the total river runoff, and this 

amount is probably close to the net input of ocean evaporated 

water to the rainforest sytem.  

 

 Thus, rainforest means exactly that: take the forest away and 

the rain goes along with it, allowing the area to become 

degraded and prone to droughts and floods.  

 

 Finally, the water recycling in the rainforests appears to be 

rather “local”.  In Brazil, the critical area is of the order of  

10 km x 10 km.  



Current wisdom on the Hydrological Cycle: 

 

The water resource is provided by precipitation from the large weather 

systems.  And all that is required is to manage it properly. 

 

Is this universally true? 

 

Fact # 1: This is not true in most parts of the world,   

 

And, What is the situation of Europe in this respect? 





Drainage Basins of Africa and Eurasia (UN).  

The Mediterranean catchment basin extends to 

the sources of the Nile River and includes the 

Black Sea and other parts of Europe that are 

not usually considered Mediterranean 
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Atlantic fronts 
contribute 
20% and 

falling, i.e., 
from 200 
L/m2/year  

to 120 
L/m2/year 
NAO (-) 

Summer storms 
contribute 11% to 

20% (+) and 
falling, i.e., from 
100 L/m2/year to 

60 L/m2/year 
NAO (no) 

 

Seasonal 
Distribution  

Mediterranean 
cyclogenesis 
contributes 

65% and rising, 
i.e., from 230 

L/m2/year  
to 320 L/m2/year, 

and more 
torrential 
NAO (+) 



Current wisdom on the Hydrological Cycle: 

 

The water resource is provided by precipitation from the large weather 

systems.  And all that is required is to manage it properly. 

 

Fact # 1: This is not true in most parts of the world,  

 

Fact #  2: The amount of available water depends on the location of the 

watershed and can result from different types of precipitation. 

 

For example:  In the Mediterranean Region of Valencia there are three 

main precipitation components, originating from three different weather 

regimes, and affecting different parts of the territory.  

 

The most volatile of these components is the one due to summer storms. 

 

Why? 



Summer storms develop(ed) over the ridges of the 

mountains surrounding the western basin, some 60 to 

100 km inland, at the end of the seabreeze cycle. 

  

The climatic values (July-August) for the airmass at the 

onset of the seabreeze are 26ºC, and a dew point of 

19ºC [yields a mixing ratio of 14 g (water)/kg (air)].  

 

This is the “carrier component”.  Its Lifting 

Condensation Level is at  750 m a.s.l. 





However, the incoming airmass becomes heated after 

travelling 60-80 km inland (16 K on the average).  This 

raises its Convective CL to  2740 m a.s.l. 

 

And then, for storms to develop below, or at, the height 

of the coastal mountains ( 2000 m a.s.l.), the airmass 

needs to compensate its heating by increasing its water 

vapour mixing ratio from 14 g/kg to 21 g/kg. 

 

Thus, it requires a trigger component >7 g/kg  



Storm: open (monsoon) 

type circulation 

Large scale (weak) subsidence, the non precipitated water vapour  

and pollutants are advected out of the region 

26º C (299 K) 

14g (H2O)/kg(air) 

To 12+  km 

60 to 100 km 

Air at 315 K & 

 21 g(H2O)/kg(air) 

Injection 

To 5+  km 

2000 m  

No-storm: closed (vertical) 

type re-circulation 

Return flows under strong compensatory subsidence 

lead to layer formation over the sea 

26º C (299 K) 

14g (H2O)/kg(air) 

Air at 315 K & 

 20 g(H2O)/kg(air) 

Strongly confined surface flows  250 m deep 





 In the past, the required “trigger component” , i.e., 

7g/kg, was provided by extensive coastal marshes and 

dense forests over the mountain slopes.  Storms 

occurred almost daily at the 1000 to 1200 m a.s.l.  

 

A difference with respect to the tropical areas is that the 

“trigger component” evaporates along the path of the 

airmass (mainly) near the coast but contributes to the 

storms at 60 km to 80 km inland. 

 

 It is a threshold governed system.  This is a very 

difficult concept to explain to some politicians.   



ROUGH GOING 

 

AFTER 

 

CROSSING 

 

A 

 

CRITICAL 

  

THRESHOLD 

 

(or, Tipping Point) 



Current wisdom on the Hydrological Cycle: 

 

The water resource is provided by precipitation from the large weather 

systems.  And all that is required is to manage it properly. 

 

Fact # 1: This is not true in most parts of the world,  

 

Fact # 2: The amount of available water depends on the location of the 

watershed and can result from different types of precipitation.  

 

Fact # 3: On the Mediterranean side of Europe’s Continental Divide part of 

the precipitation “must be cultivated” .  

 

That is, water vapour has to be added to the incoming airmass to 

maintain the hydrological cycle of the summer storms. 

 

And, If it is not? 

 



Non precipitated water vapour follows the return 

flows aloft and accumulates in layers over the sea 

(to  4500+ m). 

i.e.,+ 7g/kg for 315K 

299K 



In the case of summer storms: if the marine airmass does not 

accumulate enough moisture to compensate its heating, the 

storms do not develop, and the heated (but not moist 

enough) airmass follows the return flows aloft and 

accumulates in layers over the sea. 

 

This process can occur for several consecutive days (3-5 

days), and recur several times a month (4-5 times), i.e., 

yielding averages of 16 to 24+ days of vertical recirculations 

during the summer (that is, from mid June to late August). 

 

This “water vapour accumulation mode” over the 

Mediterranean Sea can now be confirmed with satellite data 



DAY  10:30 



DAY  10:30 & NIGHT 22:30 



DAY  10:30 



DAY  10:30 & NIGHT 22:30 



Average water vapour column over the 

Western Mediterranean Basin in August 2002.  

The monthly average is equivalent to a 4-day 

accumulation cycle, assuming 5 four-day 

accumulation periods per month.  

Back trajectories (type Vb) that fed 
torrential rains in Germany and the 

Czech Republic on 11-13 August 2002, 
from: Uwe Ulbrich et al. (2003) Weather, 

58, 434-443.  The main source region is the 

Western Mediterranean Basin 



DAY  10:30 & NIGHT 22:30 



Sea Surface Temperature  SST (August  2003) 













Sea Surface Temperature  SST (August  2003) 



•  The hydrological cycle may (does) impact 

on Climate Change. 

 

•  At the local-to-regional scale the 

hydrological cycle can be affected by water 

management and land use. 

 

•  Complex feedbacks may lead to unexpected 

results.  



In the Western Mediterranean Basin approximately 80% of 

precipitation originates from water evaporated in the same 

basin. 

 

Vegetation, coastal wetlands (and irrigated agriculture) 

provide an indispensable service to water recycling. 

 

Re-allocation of irrigation water to other uses may (does) 

have the effect of reducing precipitation and increasing 

desertification. 

 

Environmental externalities can be internalised only by 

management institutions governing the full water cycle at the 

appropriate scale. 



Current wisdom on the Hydrological Cycle: 

 

The water resource is provided by precipitation from the large weather 

systems.  And all that is required is to manage it properly. 

 

Fact # 1: This is not true in most parts of the world. 

  

Fact # 2: The amount of available water depends on the location of the 

watershed and can result from different types of precipitation. 

 

Fact # 3: On the Mediterranean side of Europe’s Continental Divide some 

precipitation “must be cultivated” to maintain the hydrological cycle. 

 

Fact # 4: Otherwise, summers floods will increase in parts of Central-

Eastern Europe, and along the Continental Divide.  

 

Fact # 5: And, autumn-winter-spring floods will also increase over the 

coastal areas surrounding the Mediterranean Sea. 

 

So, what should, or could, we do? 



First: Take into account that hydrological solutions for the 

Atlantic and Mediterranean parts of Europe must be suited 

to their hydrological differences.  

 

Second:  The current Water Framework Directive should be 

modified to take this into account, e.g., include 

complementary Daughter Directives for the two 

Hydrological Divides. 

  

Third: As a solution, which would also help mitigate/adapt to 

climate change, the precipitation component from summer 

storms should (could) be “cultivated”.  



For example, 

 

1.  Coastal agriculture in the Mediterranean, as a substitute 

for the original coastal marshes, should be promoted and 

protected to “reboot” the hydrological system.  

 

2. Construction along the coasts should consider minimising 

heating of the airmasses (e.g., high albedo, green areas) 

 

3.  Large afforestation projects should be promoted on the 

abandoned lands inland, all the way to the headwaters of 

critical watersheds.  

 

4.  Consider these actions as environmental services to the 

region of application, and to the rest of Europe, and treat 

them as such.  



MANY  
       THANKS 
                 FOR 
                        YOUR 
                               ATTENTION! 


