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Budyko framework



Budyko hypothesis: simplified river flow model

1O 4 rreeeeerrrsisaiasaaaaa.. —
Energy supply /- Water supply limitation

limitation

* Budyfo framework:

Two factors limiting evaporation:
Energy and Water supply

0.8 1
0.6 -

* Analytical approximation: >

Fu’s equation: 07

Dryness index
Evapotranspiration / Precipitation

1
0.0 1

|
)

_ Budyko’s
curve

Fu’s
- approximation
curves

ET PET PET\™\nu . . : . . . .
—=14+—- (1 + (—) ) 0.0 0.5 10 15 2.0 25 3.0
p p p Potential Evapotranspiration [ Precipitation

Aridity index

Using the equilibrium hypothesis AS = 0 in the waterlbalance equation:

PET\™\nu
Q:P*<1+(T) ) — PET



Budyko hypothesis: the watershed parameter

¢ The Wate rShEd pa I'a mEter NU H Energysupp/y IIIII : Water supply limitation
1 E limitation
ET PET PET\"""\nu £ 081 _
g P (4 (BT S g
p p p 9 £ 06 | Expected effect
£z of.irrigation nu=15
—> Adjusted over an area and a time period § & , | ; Ex”.e“ed effect f
. c 2" climate change
—> Parameter reflecting watersheds £ 5
characteristics 8 0.21
(Some climatic characteristics, vegetation &
cover, soils...) ) . . . . . .
0.0 0.5 10 15 2.0 2.5 3.0
g’ Includes effects Of human activit Potential Evapotranspiration / Precipitation
4 Aridity index
* Hypothesis for this parameter
—> Variations of climate characteristics << changes due to human activities

(irrigation, land cover changes...)



Method



Budyko hypothesis: the watershed parameter

* Calculation of the watershed parameter

@ ORCHIDEE Model Forcing dataset

Precipitation (P), Potential Evapotranspiration (PET)

Calculate ET and Q over @ Model output

eaCh Watershed Evapotrans:iration(E)
A 2 1T
L E PET PET\™\m s equation
. (1 * ( P ) )

Best fit when looking at E/P ~ PET/P

Scatter plot over the watershed:
one point per year

v
Estimated parameter for the watershed
nu,




Budyko hypothesis: the watershed parameter

* Calculation of the watershed parameter

(1) ORCHIDEE Model

Calculate ET and Q over (1)  Model output
each watershed Evapotranspiration (E)

Only includes climate data and
climatic/ atmaspheric processes

Scatter plot over the watershed:
one point per year

.
« Cl imatic nu param eter » Estimated parameter for the watershed
nu,




All GRDC stations (1806-2019)
11182 Stations, 7144 with records

Budyko hypothesis: the watershed parameter

* Calculation of the watershed parameter

over more than 20 years

Streamflow from

observation stations

- GRDC database

- Specific database
over Spain

Forcing dataset

Precipitation (P), Potential Evapotranspiration (PET)

@ Observations
Riverflow (Q) 2> E=P-Q

Best fit when looking at E/P ~ PET/P

Scatter plot over the watershed:
one point per year

v

Estimated parameter for the watershed
nu,




All GRDC stations (1806-2019)
11182 Stations, 7144 with records

Budyko hypothesis: the watershed parameter

* Calculation of the watershed parameter

over more than 20 years

Streamflow from

Forcing

dataset

Precipitation (P), Potential Evapotranspiration (PET)

observation stations

- GRDC database

- Specific database
over Spain

@ Observations
Riverflow (Q) 2> E=P-Q

« Total nu parameter »
nu;

Best fit when looking at E/P ~ PET/P

Scatter plot over the watershed:
one point per year

— Includes effect of human activity

v

Estimated parameter for the watershed

nu,




Budyko hypothesis: the watershed parameter

* Calculation of the watershed parameter

Two ways of fitting the parameter over a
time period:

» One fit over the entire time period,
with all yearly values at once

» Fit over an 11-year sliding time-period
=>» Evolution of the parameter over
the time period

11-year time
11111111

1 1
f_ 414 B (1 N ( ) )”" Fu’s equation (1+( ) ) B
Best fit when looking at E/P ~ PET/P
Scatter plot over the watershed:  _ “ Y i —
one point per year "o Pl
\ 4 R N
Estimated parameter for the watershed | | Estimated parameter for the watershed
nu, nu;

' M
A A T Yo
111111111111111 \ } 1980

Time period with calculated Nu
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Results



Comparing “climatic” Nu_to “total” Nu,

Example: 6298007: Jalon : Ateca,
Lon: -1.8006523° Lat: 41.32295°
I_ DisObs

| DisMod

Modelled streamflow from ORCHIDEE 15 +++ BudyMod

/ Eudyobs*
— Streamflow from Budyko with Nu, /_‘4"

Streamflow from Budyko with Nu,

— Focus on Spain stations

0l . , , | |
L Observations 1900 1820 1940 1960 1980 2000

years

Annual streamflow from 1900 to 2020

Streamflow = highly climate dependent and high interannual variability

=>» Focus on the analysis of the watershed parameter,
partly freed from climate dependence
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Mu

Comparing “climatic” Nu_to “total” Nu,

— Focus on Spain stations

Example: 6298007: Jalon : Ateca,

Lon: -1.8006523° Lat: 41.32295°

2.4

2.2

e Nus GSWP3,

m— Nus GSWP3

average

== Nus Obs 4+ GSWP3, average

MNus Obs + GSWP3

R ALz

=

—
v

|

-

1900

1920 1940 1960 1980 2000
Watershed parameter from 1900 to 2020

/

Watershed parameter Nu,

Watershed parameter Nu,

- Average
- Evolution with a 11-years
sliding time-range
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Mu

Comparing “climatic” Nu_to “total” Nu,

Example: 6298007: Jalon : Ateca,

—> Focus on Spain stations Lon: -1.8006523° Lat: 41.32295°

e Nys GSWF3, average
2 .£] - m——Nus GSWP3

== Nus Obs 4+ GSWP3, average
Nus Obs + GSWP3

-/h\ : AN J / Watershed parameter Nu,
2.2 1
%M\WM \\/,_ r\\\/l A } S Average

U\/"\/ - Evolution with a 11-years

1900 1920 1940 1960 1980 2000 sliding time-range
Watershed parameter from 1900 to 2020

_, Watershed parameter Nu,

o

Energy supply /- Water supply limitation

* No distinctive trend for Nu,_ calculated with climatic data only

=}
@

Expected effect
of irrigatio

o
o

nu=15
Expected effect pf
climate change

o
-

* For lots of basins over Spain: trend in Nu, calculated with observations,
especially over last 30 years /o o
- changes in basin characteritics, other than climatic trends " P Sapormnon o

Aridity index

Dryness index
Evapot: pirat; Precipitati
°
~

=]
=]
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dMu

Comparing “climatic” Nu_to “total” Nu,

— Focus on Spain stations

Example: 6298007: Jalon : Ateca,
Lon: -1.8006523° Lat: 41.32295°

e Nys GSWF3, average

2 .£] - m——Nus GSWP3

Mu

== Nus Obs 4+ GSWP3, average

MNus Obs + GSWP3

=

|

_, Watershed parameter Nu,

/ Watershed parameter Nu,

- Average
- Evolution with a 11-years

sliding time-range

v AN
2.2 1 ™~ An -«/ A A
VT WV r\\/Lw
19ICIO 19I20 19I40 19:50 19I80 ZOIL'JD
Nu total sloaps, 11 years time slide
0.00 -
—0.02 - 5
o

\ Sloap of NUt hlgher than

95% of all sloaps of Nu,

1900
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Maps:

Nu, sloaps outside of 95% range o

Red: Rising sloap of Nu, higher than 95% of all sloaps of Nu,
Blue: Droping sloap of Nu, higher than 95% of all sloaps of
Nu,

Yellow: Sloap of Nu,in range of sloaps of Nu,

Nu. sloaps

1940 - 1950

T T T T I—
—-1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00
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1970 - 1980

0-1990
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1980-1990: Share Nu_obs vs Nu_mod

| , : i |
—1.00-0.75 -0.50 —0.25 0.00 0.25 0.50 0.75 1.00
1950-1960: Share Nu_obs vs Nu_mod

1950 - 1960
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1990-2000: Share Nu_obs vs Nu_mod

1990 - 2000




How to explain the variations of
the watershed parameter?



Hypothesis

* Rising value of the parameter for given PET and P (climatic variables)
= Increase of apparent ET
= Decrease of apparent runoff (streamflow)

L0 o
=>» Water uptakes not explain by climate g | Freraveupoly /i Watersupply fimitation
variables variation only a2 5 . =2

=>» Hypothesis: 2 EL e Expected effect | 15

- lrrigation é :%itm- :

- Dams? 5 guz_

- Water transfers towards other basins z

- Increase in vegetation cover 00 ! | . | | | |

0.0 05 10 15 20 25 3.0

Potential Evapotranspiration [ Precipitation



Hypothesis

* Decreasing value of the parameter for given PET and P (climatic variables)
= Decrease of apparent ET
= Increase of apparent runoff (streamflow)

, , . 10 { oo : ——
=» Water inputs not explain by climate g | Freavsuenly fi Water supply imitation
variables variation only £ os ; =2
=» Hypothesis: : = 06 pecer o l
- Glacier melting 8
c & 047
- Water transfers from other basins >
- Decrease of vegetation cover R TE
- Pumping from ground water Z
- Soil sealing 0o

0.0 05 10 15 20 25 30
Potential Evapotranspiration [ Precipitation

- River management



Keys findings



Impact of anthropogenic changes?

+»* Climatic variations of the watershed parameter smaller than variations due to
missing processes (anthropogenic changes...)

+*»* Raising variations correlated to construction and development of water regulation infrastructures

(volume of water stored in dams...)
+* Apparent concordance in space and time with irrigation development and groundwater uptake

(Guadiana basin)
+» Test of the model with forced evolving vegetation cover: very little impact on variation of the

watershed characteristics
> of land cover change compared to other factors

+»* Difficulties to separate and attribute impacts: confounding effects of different

factors over same areas
- need to include missing processes in models to separate and test effects of each factors independently



