Total Causal Effect of Temperature on Streamflow

This study explores the response of streamflow to temperature from a cause-and-effect perspective. To
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achieve this, we analyse 1564 catchments across the UK, central Europe, and Australia. These catchments 4
represent a wide range of climatic and physiographic conditions, allowing for a comprehensive investigation of
the nonlinear causal effects of temperature on streamflow. The objectives of this study are as follows:

1. Deriving Causal Structures: Apply the PCMCI+ causal discovery to daily time series of precipitation,
temperature, and streamflow to identify the underlying causal structure among these variables.

2. Estimating Causal Effect: Estimate the nonlinear total causal effect of temperature on streamflow based
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on the inferred causal structure.

3. Classifying the Causal Effects: Classify catchments into distinct types based on the behaviour of
streamflow response to temperature.

4. Investigating Properties of Each Class: Link the causal effect response with climate and streamflow
attributes to characterise the hydrological behaviour associated with each response type.
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We applied the PCMCI+ causal discovery algorithm to daily time series of precipitation, temperature, and
streamflow from 1,564 catchments from the CAMELS-GB (Great Britain), CAMELS-AU (Australia), and LamaH -

(Central Europe) datasets. For each catchment, the causal discovery process yields a Directed Acyclic Graph 000 025 050 075 1.0 0.00

(DAG) that captures the causal relationships among variables. We use the resulting DAGs to estimate the total
causal effect of temperature on streamflow by simulating interventions on the temperature node that directly
influences streamflow. To capture the nonlinear nature of these effects using observational data, we employ a
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non-parametric random forest model that accounts for intervention impacts. The resulting causal effect
curves are then categorised based on their slope and the number of slope changes, features we refer to as
"phases.” The properties of each category are then investigated using climate and streamflow characteristics.
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Nonlinear Causal Effect of Temperature on Streamflow
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Spatial Patterns of Different Types of Causal Effects of Temperature on Streamflow Across the UK, Central Europe, and Australia
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Type 06 (Double-phase pattern): Consistently wet; lowest aridity index; wet with high mean precipitation.
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Type 05 (Double-phase pattern): Upward trend at lower temperatures; positive seasonality; indicates snow storage; wet with high mean precipitation.

Type 08 (Double-phase pattern): Driest group; highest aridity index, minimal snow fraction; highest frequency of both low and high flow events.

Type 10 (Triple-phase pattern): Strong positive precipitation seasonality, higher snow fraction, highest baseflow index, lowest variability in flow.
Type 11 (Triple-phase pattern): Positive precipitation seasonality; stable regime with moderate runoff and climate characteristics compared to other groups.

Type 12 (Triple-phase pattern): Stable regime with more pronounced upward trend, wetter conditions, lower aridity index, and higher precipitation than Type 11.

No CE: Catchments with no direct causal effect of temperature on streamflow; temperature effects are mediated through precipitation. Excluded from the analysis.
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Type 02 (Single phase pattern): Similar to Type 01 but with zero causal effects at lower temperatures; likely high snow storage where freezing temperatures have minimal runoff impact.

Type 04 (Single-phase pattern): Similar to Type 03 but with negative precipitation seasonality (more rainfall in cold seasons); low mean precipitation; near-zero effect at lower temperatures.

Type 07 (Double-phase pattern): Weak precipitation seasonality; lowest evapotranspiration; strong negative response in a narrow temperature range; wet with high mean precipitation.

Type 03 (Single-phase pattern): Strong negative response of streamflow to rising temperatures, positive precipitation seasonality; low mean precipitation; downward trend at lower temperatures.
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Type 09 (Triple-phase pattern): Wet catchments with low aridity index and weak positive seasonality; relatively high mean precipitation and streamflow with low snow fraction; low streamflow elasticity.
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Type 01 (Single phase pattern): Strong positive response of streamflow to rising temperatures; positive precipitation seasonality (more rainfall in warm seasons); high catchment storage or melt-dominated mechanism.

1 2 3 4 5 6 7 8 9 10 11 12NoCE

Runoff Ratio

-
3]
]
o
e
-~
a

-
o
iy
(3]

Q5 (mm/day)

0.25

[[—
T—
—IH
41—
00—
11—
L
Ir—
Q95 me!day)

1
—
+—
—1_—
—
+—
{—

Baseﬂcgv Index (-)

00f ! !&=T 1] =f= |||||

1 2 3 4 5 6 7 8 9 10 11 12NoCE

|||||||||||||

1 2 3 4 5 6 7 8 9 10 11 12NoCE

1 2 3 4 5 6 7 8 9 10 11 12NoCE

Slope Flow Duration Curve Mean Half-flow Date Streamflow Elasticity

)
o
2
I_
@

F =9

N

e

—h
1

Slogae of FDC (-)

(1]
_D]_

(1]
—T—
—| 1
—I—
— 1
{—
1 1
—_I—
(11
_I:iFD M(ﬁm (day)
3 b | 2
_ﬂ]_

1
1L
—

-
11—
{1
g I
1+
Streamflow Elasticity (-)

0.

1 2 3 4 5 6 7 8 9 10 11 12NoCE

High Flow Frequency

1 2 3 4 5 6 7 8 9 10 11 12NocCE
Cluster ID

1 2 3 4 5 6 7 8 9 10 11 12NocCE

1 2 3 4 5 6 7 8 9 10 11 12NoCE

1 2 3 4 5 6 7 8 9 10 11 12NoCE

Low Flow Frequency High Flow Duration Low Flow Duration

N
(=}
o
-
o
[=2]
o

Low Q Freq (day/year)
o
o

High Q Dur (day)
Low Q Dur (day)

AR L T e

1 2 3 4 5 6 7 8 9 10 11 12NoCE
Cluster ID

-
i
T3
I
_|]_
]
b
!
s
I-
I+

4 &ﬁ éﬁaﬁ

1 2 3 4 5 6 7 8 9 10 11 12NoCE
Cluster ID

o

|||||||||||||

1 2 3 4 5 6 7 8 9 10 11 12NoCE
Cluster ID

Coxon, G., Addor, N., Bloomfield, J.P., Freer, J., Fry, M.,
Hannaford, J., Howden, N.J., Lane, R., Lewis, M.,
Robinson, E.L. and Wagener, T., 2020. CAMELS-GB:
hydrometeorological time series and landscape attributes
for 671 catchments in Great Britain. Earth System Science
Data, 12(4), pp.2459-2483.

Fowler, K.J., Acharya, S.C., Addor, N., Chou, C. and Peel,
M.C., 2021. CAMELS-AUS: hydrometeorological time
series and landscape attributes for 222 catchments in
Australia. Earth System Science Data Discussions, 2021,
pp.1-30.

Klingler, C., Schulz, K. and Herrnegger, M., 2021. Lamah|
large-sample data for hydrology and environmental
sciences for central Europe. Earth System Science Data
Discussions, 2021, pp.1-46.

Runge, J., 2020, August. Discovering contemporaneous
and lagged causal relations in autocorrelated nonlinear
time series datasets. In Conference on Uncertainty in
Artificial Intelligence (pp. 1388-1397). Pmir.

This presentation participates in OSPP

EGU

Outstanding Student & PhD
candidate Presentation contest




	Slide 1

