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Hydrological Cycle and River Basin
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Holistic View of the World

“The Whole is Greater than the Sum of the Parts”

Aristoteles (384-322 BCE)

“All forces of Nature are connected and mutually dependent”

Alexander von Humboldt (1769-1859)

“[…] Earth functions as a single organism”

James Lovelock (1972)

The Earth is a “dissipative structure” that exchanges low entropy radiative 
influx for high entropy radiative outflux, just like a living organism exchanges 
food for waste
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The Dominant Paradigm
so called: “Physically-Based”

• World split-up in cubes

• Interact by conservation laws

• Mass

• Momentum (parameterized)

• Highly complex

• Time consuming

• Expensive

• Destruction of patterns



5Challenge the future

A new Hydrological Theory

New Theory

• Holistic
• System thinking
• All physical Laws
• Fractal Patterns 
• Self-organisation
• An active adapting agent
• Alive

Old Theory

• Reductionist
• Fragmented
• Only Newton’s Laws
• Chess Board
• Imposed structure
• Static, no adaptation
• Dead
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Most hydrological models do not consider this fact! 

Instead:

• They split-up the Earth in small fragments
• That destroy patterns, preferential pathways and system behaviour
• They consider the substrate and ecosystem static
• They are dead and don’t consider the ecosystem as an active agent 

which can adjust to change
• They are unnecessarily complex
• They rely on calibration with associated ‘equifinality’

The Ecosystem is the water manager

The Catchment is Alive !
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Why are there Simple Laws in Hydrology ?
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Thermodynamics

The Earth system functions at Maximum Power:

• The Earth is a “dissipative structure” that exchanges 
low entropy for high entropy 

• It does so at Maximum Power, close to the “Carnot 
limit” of a dissipative engine

• Maximizing the Power of a natural process often leads 
to surprisingly ‘Simple Laws’
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Maximum Power in the water cycle

Is there an active agent?

• That operates the hydrological system near the Carnot limit?

• That partitions
• That stores and delays

• That creates pathways
• That drains and evacuates

• That optimizes its environmental conditions

Can conceptual models do this?

• can they account for patterns?

• can they account for evolution?
• can they represent a living, active and adjusting system?

• can they do with less calibration?
• And remain relatively simple?
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Hydrology is the blood stream of the Ecosystem

•Maximum power implies ‘optimality’ in the ecosystem
•The hydrology functions near to the Carnot limit

•This holds the key to model structure and parameter 

values:
- Infiltration capacity

- Partitioning
- Root zone storage

- Dominant drainage and runoff characteristics
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Su,Max

Rootzone Storage
Capacity

Landscape-based Modelling

Landscape reflects evolution and is key to dominant processes

Gao, H., M. Hrachowitz, F. Fenicia, S. Gharari, and H. H. G. Savenije, 2014. 
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Do not let soil 

observations control 
transpiration

Transpiration demand 

controls root-systems

Vegetation is an active 

agent that adapted root-
systems to meet water (and 

nutrient) requirements
Root 
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Vegetation-accessible water storage volume Su,Max
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Maximum annual storage deficit SR,1

Maximum storage deficit 
10-year return period SR,10

Hypothesis:

Vegetation designs its root system to
guarantee continuous access to water

similar to how humans design water
reservoirs, based on supply and demand

Catchment-scale estimation of Su,Max
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Root zone storage capacity from space

Lan Wang-Erlandsson et al., 2016
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Conclusions

•Landscape and ecosystem hold the key to hydrology
•The ecosystem is the manager of the hydrological 
system

•The ecosystem adjusts to climate change
•Adjustment can be FAST
•Models should also evolve and adjust to climate 
change 

•Hydrological models should be alive !
•Only then can we address Change in Hydrology
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Thank you!
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