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Hydrological Cycle and River Basin
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[ soil moisture [] groundwater ocean covers 71 percent of Earth's surface
© Encyclopaedia Britannica, Inc. 196,950,000 sg mi (510,000,000 sq km)
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“d|SS|pat|ve 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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Preci pltatnon

The Dominant Paradigm %
so called: “Physically-Based”

» World split-up in cubes
 Interact by conservation laws
* Mass
« Momentum (parameterized)
e Highly complex
e Time consuming
» Expensive
» Destruction of patterns
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new Hydrological Theory

New Theory Old Theory

* Holistic » Reductionist

» System thinking * Fragmented

* All physical Laws * Only Newton’s Laws
» Fractal Patterns  Chess Board

» Self-organisation e Imposed structure

» An active adapting agent » Static, no adaptation
* Alive * Dead

%
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; Instead :
— K They spllt-up the Ear
-= * That destroy pattern
#%7 - They consider the su
&= - They are dead and d
# Wwhich can adjust to «
& + They are unnecessar
: They rely on callbratl
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Most hydrologica] modele An nnt rancider thic fartl

@iThe Ecosystem is the water manager
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The Catchment is Alive !

HESS Opinions “Catchments as meta-organisms —
a new blueprint for hydrological modelling”

Hubert H. G. Savenije and Markus Hrachowitz

Department of Water Management, Delft University of Technology, Delft, the Netherlands
Correspondence to: Hubert H. G. Savenije (h.h.g.savenije @tudelft.nl)

Received: 22 August 2016 — Discussion started: 29 August 2016

Revised: 22 December 2016 — Accepted: 6 February 2017 — Published:

Abstract. Catchment-scz I|L hydrological models frequently
miss essential cha ics ot what dLlLrl“lllL\ tlu func-

PTG«

towards a more robust understanding of spatial organization
and its evolution. This will luner pcrmll the development of







| Thermodynamlcs

A The Earth system functlons at MaX|mum Power:

- The Earth is a ‘diSsipati\‘/estraCture that exchanges
low entropy for high entropy

= * It does so at Maximum Powetr, close to the "Carnot

limit” of a dissipative engine

Thermodynal
Foundations

Axel Kleidon

B - - Maximizing the Power of a natural process often leads [Bidiiciiass

to surprisingly ‘Simple Laws’
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'Is there an actlve agent?

AR IO I W AN TR N TN e P e == SRRE URSP R LVt e S et

¥ + That partitions

7».* - That stores and delays

@ - That creates pathways

« That drains and evacuates

| * That optimizes its environmental conditions

g 7 = AR ATT T e FRED A

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 relatlvely 5|mple7




Hydrology is the blood stream of the Ecosystem

- Maximum power implies ‘optimality” in-the ecosystem-
- The hydrology functiens near-to_the Carnot limit -

« This holds thekey’ to model structure and paﬁame’&er;'
values: o —

- Infiltration capacrt;r S L _

- Partitioning e ey T

- Root zone storage | e
- Dominant dralnage and runoff characterlstlcs |




Landscape-based Modelling

Landscape reflects evolution and is key to dominant processes

Hillslope

Hydrol. Earth Syst. Sci., 14,2681- 2 ,'
www.hydrol-earth-syst-sci.net/14/. -

doi:10.5194/hess-14-2681-2010
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Do not Iet soil mstead Transplratlon demand
bservations CONtrof  Eeyzgs vo@ -~ controls root-systems

o ‘fét"
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Vegetatlon s an active e
agent that adapted root-
systems to meet water (and L
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b Catchment-scale estimation of S vy

! Hypothesis:
(N Vegetation designs its root system to
¢ I guarantee continuous access to water
similar to how humans design water
i3 reservoirs, based on supply and demand

g 01/02 01/03, 01/04 01/'05“‘ 01/06 01/07 01/08

W - \ AM \ ‘/‘ h.‘w‘ /!

[~ "\ (N L T

= \ Ma mum storage fct A \

‘;:’;m \. 1 10 )geal: re\gtmtl 3&1& ISIR 10 / \
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Hydrol. Earth Syst. Sci., 20, 1459-1481,2016 Hydrology and <
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Global root zone storage capacity from satellite-based evaporation
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Root zone storage capacity from space
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1’fu Delft Lan Wang-Erlandsson et al., 2016
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