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Hi everyone, thank you for being here.

As a second-year PhD student, | will present my project, which focuses on
understanding and modelling the hydroclimatic variability of dryland lakes.
More specifically, this work explores how climate and hydrology control the
rise and decline of water levels in Kati Thanda-Lake Eyre.

This is supplementary material intended to provide further explanation of
what was presented during the poster session. All rights reserved. This
document is private.




|. BACKGROUND

Dryland lakes: fragile systems highly sensitive to climate variability

é « About half » of the global land area (45%)
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When we think about lakes, we usually imagine wet regions, with a lot of
water and permanent rivers. But in reality, many lakes are also located in
dryland areas. Drylands cover almost half of the global land area, and they
are among the regions most sensitive to climate variability and global
warming. As the figures on your right show, changes in precipitation minus
evaporation, and in soil moisture, are expected to be particularly strong in
these regions. According to recent models, soil moisture is projected to
decrease by about 0.64 mm for every 1°C of warming. For this reason,
dryland lakes are very useful for studying how climate and hydrology interact
in dry regions.




| Kati Thanda-Lake Eyre: a vast, ephemeral, and highly variable endorheic basin |

ArcGIS, {Australian Goverment data) MAMA et al., 2025

More variable than elsewhere

(McMahon et al., 2008)

b Catchment > 1 million km®
1
Three main rivers: Georgina, Diamantina,

1 Cooper Creek
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Our case study is a lake located in the center of Australia, and it is called Kati
Thanda-Lake Eyre. It is considered one of the largest ephemeral playas in the
world, with a surface of more than 9,000 square kilometers, about the size of
Cyprus. It has a huge basin area of more than 1 million square kilometers,
about twice the size of France, with 70% of its surface below 250 m of
altitude. Hydrologically, this lake is drained by three main ephemeral rivers
that come from the north of the basin: the Georgina River, the Diamantina
River, and Cooper Creek.




Precipitation # Water in Lake Eyre
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The hydrological dynamics of this lake are highly unpredictable. As shown in
this graph, Lake Eyre has completely filled only once, in 1974, when the
water reached about 6 m depth. Since then, only two major floods exceeded
3 m, while most events have been minor floods, often associated with
catchments that were not fully hydrologically active.
When comparing monthly basin-averaged precipitation with lake-level
dynamics, there is no direct relationship (Red arrows). In other words,
precipitation over the basin does not automatically translate into water in

the lake.

This heterogeneity in filling makes Lake Eyre a relevant case study for
investigating water vulnerability in dryland lakes and their catchment areas.




I No clear relationship between basin functioning and lake dynamics I

Precipitation

@ WorldView, NASA., 2025

' ® WorldView, NASA., 2025

This process is widely known as transmission losses in such arid
environments. Because our basin is very large, and precipitation mainly
occurs in the north, water has to travel long distances through rivers and
large floodplains before reaching the lake. During this transfer, part of the
water is lost through evaporation, surface storage, and infiltration. This
makes the relationship between basin functioning and lake dynamics non-
linear and difficult to predict.




@ Basin hydrological and climatic dynamics

© How is basin precipitation transformed into
effective inflow?

Hydrodynamic lake modelling I

© How large are transmission losses?
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© How do these losses control lake filling dynamics?
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And here we arrive at the main questions of the first part of my PhD: how is
basin precipitation transformed into effective inflow, how large are the
transmission losses, and how do these losses control lake-filling dynamics?




Il. METHODOLOGY
| A reanalysis-based approach for a poorly monitored desert system |
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Now, to answer these questions, and because our large basin is poorly
monitored across space and time, we decided to use both meteorological
and hydrological data from the ERAS5 reanalysis over the period 1974 to 2022.
With a resolution of about 30 km between two points, we ended up with more
than 1,000 points over the basin. For each point, we extracted hourly
meteorological variables such as temperature, shortwave radiation, relative
humidity, rainfall, cloud cover, and wind speed, together with two
hydrological variables over the whole basin: surface runoff and subsurface
runoff. These inputs were then used in an Australian lake model called GLM,
the General Lake Model, to simulate the water balance of Kati Thanda-Lake

Eyre.



GLM: Lake model structure and functioning I 1 Meteorological forcing
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No Seepage (Atthe moment)

Even though this model is one-dimensional, it is still suitable for such
shallow water systems. At its core, it solves a simple water balance,
combining meteorological forcing and inflows to simulate changes in lake
level and water volume. By using the hypsometric curve of the lake, it can
simulate how the lake expands and shrinks depending on inflows and
evaporation. Because Lake Eyre is an endorheic lake, no outflow was
considered, and no seepage was included at this stage. This one-
dimensional representation can then be projected into two dimensions
using a high-resolution satellite-derived bathymetry, in order to show the
areas that can be inundated according to the simulated lake level and water
volume.




lll. RESULTS Losses represented by a logistic curve, relatively large for minor floods

204 I
.
— 18 4
o Major Flood
;l 16 .
E
@ From runoff (Rivers) to inflow (Lake) 5 "1 o MinorFlood = R
9 ud L mcemmmmmm==— e
3
o 104
t
I Scaled parameter-based ¥4 -
uncartainty envelope .
| .
6
: Greatfilling : . ‘ . . ,
1 0.5 10 15 20 25 30 35
| Lake levels (m)
1 a0
' ; L Inflow = 1.363 L'%4* Great Filling
1 | 'Lasses(h) »
| ) 1 ‘ 1+ explk (h — ) >
- A 30 Vi
Minor floods [ 1 = S
1 \ ] EE Z
0.2 I % i L=10855 £
Ao =2,336 E
! Wy I k=3.970 3 B
. L g B Major Flood -
0.0 * L] ¥ o - o e e e - uE- /’, -
. : ’ 4 s ° Minor Flood o °
Lake levels (m) 5 % “

8/14 !

Lake levels (m) )

So, after calibrating the energy part of our model, we found that using ERA5
runoff directly as lake inflow leads to an overestimation of lake levels. On the
upper right side, graph | shows that there is no clear relationship between
runoff and lake levels. This means that a large part of the water is lost before
reaching the lake. So, by applying an inflow factor to ERA5 runoff, we
obtained the graph on the left. This graph shows how losses change with lake
level. For minor floods, losses are high. The factor is around 0.8 when the
lake fills more evenly, and more than 0.9 when water does not reach all parts
of the lake equally. Then, for major floods and great filling episodes, losses
become smaller. On the lower right side, when we include this logistic curve,
we obtain a much clearer power relationship between inflow and lake level
(Graph Il).




Annual mean runoff across the Lake Eyre Basin ® ERAS

| Precipitation patterns at local and basin-wide scales control losses
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With the same logic, we also tried to describe the relationship between
basin precipitation and the loss factor used to estimate the real inflow
entering the lake. Globally, as flood magnitude increases, the relative
percentage of losses decreases. Two years are clearly below the curve, and
they actually correspond to the only two major floods, in 1984 and 1989.
Spatially, as shown by the runoff distribution maps on the left, we can clearly
see that precipitation did not come mainly from the north. This means that
the main northern rivers were not fully active, and that part of the runoff and
precipitation came from the southern part of the basin, closer to the lake.
According to the literature, the Macumba River, in the south-western part of
the basin, reached its highest level since 1938 during this flood. So, for a
precipitation magnitude comparable to minor floods, losses were lower and
more water was able to reach the lake. This again shows why considering the
whole basin is important for understanding the real dynamics of the lake.

10



&

Question 1: Could biased ERAS5 precipitation explain the logistic curve?

Spatial distribution of the agreement between ERAS and station precipitation
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At this stage, we may ask a first important question: could biased ERA5
precipitation explain this logistic curve, rather than transmission losses? To
answer this, we compared ERA5 precipitation with measurements from
meteorological stations by calculating the correlation and the RMSE at each
station. We found that the RMSE, normalized by the 95th percentile, remains
below 0.25, which suggests that ERAS is able to reasonably represent the
main precipitation events linked to both minor and major floods. Then, when
we compared basin-averaged precipitation from ERA5 with basin-averaged
precipitation from all available stations, the agreement became even better,
with a linear correlation greater than 0.9.
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Question 2: Could ERA5-generated runoff and the basin spatial mean explain the logistic curve?

@ ERAS5basin-mean runoff overestimates inflow and therefore
transmission losses

2] The same logistic curve explains transmission losses
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The second question is this: if precipitation is reasonably well represented
by ERAS5, could an overestimation or underestimation of runoff generation
explain this logistic curve? That is why we decided to use another model,
called GLOFAS, which is driven by the same meteorological conditions as
ERAS5, but uses a different soil water balance model and a river routing
system, avoiding the basin-averaged runoff approach we used with ERAS. So,
in this figure, we added the grey curve, which represents the losses
estimated using runoff from the second model. As you can see, transmission
losses are still described by the same logistic curve evolution, but they are
slightly lower than with ERAS. The interpretation is that, when we use basin-
averaged runoff, we tend to overestimate runoff for minor and moderate
floods. Then, as we move to major and great filling floods, the basin
becomes more spatially connected and more saturated, so the ERA5 basin-
mean runoff becomes closer to what is represented by a river-routing
approach.
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Question 2: Could ERA5-generated runoff and the basin spatial mean explain the logistic curve?

@ ERAS5basin-mean runoff overestimates inflow and therefore
transmission losses

The same logistic curve explains transmission losses
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The second question is this: if precipitation is reasonably well represented
by ERAS5, could an overestimation or underestimation of runoff generation
explain this logistic curve? That is why we decided to use another model,
called GLOFAS, which is driven by the same meteorological conditions as
ERAS5, but uses a different soil water balance model and a river routing
system, avoiding the basin-averaged runoff approach we used with ERAS. So,
in this figure, we added the grey curve, which represents the losses
estimated using runoff from the second model. As you can see, transmission
losses are still described by the same logistic curve evolution, but they are
slightly lower than with ERAS. The interpretation is that, when we use basin-
averaged runoff, we tend to overestimate runoff for minor and moderate
floods. Then, as we move to major and great filling floods, the basin
becomes more spatially connected and more saturated, so the ERA5 basin-
mean runoff becomes closer to what is represented by a river-routing
approach.
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2D inundation extent and water depth reconstructed from simulated lake level @ Armon et al., 2020
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Now, using this orange curve and its equation, we simulated lake levels for
all years from 1974 to 2020. The black points are satellite-derived lake levels,
and the blue and green curves are our simulated lake levels, depending on
whether the filling over the lake was homogeneous or not. Overall, we found
a reasonable agreement, with a correlation of about 0.8 and an error of 0.36
m. Part of this difference may be linked to direct precipitation over the lake.
In 2025, the lake reached about 2.2 m in both bays, corresponding to around
70% of losses, as predicted by our logistic curve. When we projected this
filling into 2D, we found a reasonable match between the simulated
inundation and the satellite image. This also supports the good quality of the
satellite-derived bathymetry map produced by Armon et al. in 2020.
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Take-home messages

Transmission losses are very high during minor floods, exceeding

70-90%

Previous work focused on small-scale river reaches (<400 km)

© jarihani et al. (2015): 23 and 68 %
of the global inflow '\ &

(4] Costelloe et al. (2003): losses aré
70-98% for floods with total
discharge <2300 Mm3 (1] Knighton and Nanson (2001): 75% of
the flood was lost

@ Kim et al. (2022): 61 to 95%, depending
on the model

Losses decrease markedly for major floods, approaching 0% in the

largest events

Flood magnitude is controlled not only by rainfall amount, but also

by rainfall location and basin connectivity
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To finish with the take-home message, | would like to say that only a few
studies have tried to understand transmission losses, and most of them
focused on small reaches of the three main rivers, as you can see here. The
main thing we know from the literature is that losses are very large, ranging
from about 60% to more than 90%. Our approach is different because it
considers the whole basin as one system. Finally, 2026 seems very
promising, because water is currently coming mainly from the southern part
of the basin, just like in 1989. This confirms that flood magnitude is
controlled not only by the amount of rainfall, but also by rainfall location and

basin connectivity.
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~ Thank you for your attention : like
~ Lake Eyre waiting for its waters
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Most of the water comes from the western part of the basin. A lake level of
2 m at Kati Thanda-Lake Eyre was achieved only because of local
precipitation over the southern part of the basin.
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Most of the water comes from the western part of the basin. A lake level of
2 m at Kati Thanda-Lake Eyre was achieved only because of local
precipitation over the southern part of the basin.

© WorldView, NASA., 2026 © WorldView, NASA., 2026
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In 2025 and 2026, Lake Eyre reached about 2 m water level. However, the hydrological
causes were different, with local precipitation likely playing an important role.

© WorldView, NASA., 2026 © WorldView, NASA., 2026
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