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Motivation

* Flood protection, storm- and wastewater
management are essential for societies

* Urbanization and climate change are altering the
water cycle and increasing flood risks

* Climate change impacts are more pronounced in
the northern hemisphere

(Rosenzweig et al., 2018)



Maritime Climate Characteristics

* Many coastal regions have mild
maritime climate influenced by the

Gulf Stream

* Narrow range in annual temperature
e e.g. 2.0t0 5.7 °Cin Southern Iceland

* Mild winters with frequent freeze
thaw cycles

* Frequent, and rather low intensity
precipitation in the form of rainfall
throughout the year

* Largest volumes produced during rain-on-
snow, that can occur in peak winter
months (December, January, February)
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Our Previous Research Highlights

* Rain-on-snow (RoS) events coinciding with
soil frost

* Responsible for the largest flooding events in the
capital region of Iceland

* Have become more voluminous in the past 7
decades with climate change

* While soil frost is decreasing, the likelihood
of RoS to coincide with soil frost remains high

* RoS and soil frost negatively affect the
performance or sustainable urban drainage
systems
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Research Goal TeCH

* The overarching goal of this research was to study the regional
variations in winter flood mechanisms in the maritime cold climate
of Icleland

* Long term trends in soil temperature and soil frost
* Long term trends in rain-on-snow events’ intensity

* The joint probability and frequency of rain-on-snow events co-occuring
with soil frost
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Outline TeCH

* Background and Motivation

* Results and Discussion

* Conclusions and Future Perspectives
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Study Sites and Data Availability TecH

* Three regions were chosen as study .

sites +

* Availability of historical records

® Maodruvellir
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Soil Temperature and Frost Modeling

* The Simultaneous Heat and Water (SHAW)
model was used to simulate soil
temperature, moisture, and frost

* Frost formation processes are complex:
involving the interaction of atmosphere-
surface-soil-water + ice

* Outputs: soil temperature, soil moisture
content, soil ice content, frost depth

Ta, Wspeed, RH
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Data Analyses TecH

* Trend analysis

* The long-term trends at the three studied sites were determined using the non-
parametric Mann-Kendall test and the significant slopes using the Theil-Sen method

* Bivariate frequency analysis

* The frequency and joint probability of two winter events occurring simultaneously
were determined using the Copula method by estimating a joint distribution

C(Fx(x),Fy(y)) = C (ul,u2)

* Bivariate joint return periods for the annual maxima were derived as the inverse of
the probability of two events
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* Background and Motivation

* Methods

* Conclusions and Future Perspectives
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Soil Temperature Prediction

Calibration

Validation

Reykjawk

20

* The model performed well
in all sites for both
calibration and validation
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Spatial Variations and Trends

* Max. frost depth
decreased in all three

locations

* Soil temperature at
10 cm depth warmed

significantly

* The higher latitudes
were more affected
than Reykjavik

[
=

Max. frost depth [cm]

0

-10

I"u"lin. soil temperature at 10cm [°C]

Reykjavik

=
=

o
=

5=0.17 |
p<0.05

ro

o & kb

1940 195[! 1980 EDDD 2020

Year

Modruvellir

: 55 : :

ol Fo O os=014 |
o O O

p<0.05

=

40 Ep%%ﬁ %&%ﬂ%{} ;
2{:1-’ ° | ° @%?

1960 1980 2000 2020

0} 0 L
{ :P%
it g%@@ﬁ %@9@%
©70 DR Y60
4 o
D o
B}
o O
B s=+0.019 1
o p<0.05
10— : :

Year

1960 1980 2000 2020

Hallormsstadur

s=032 |

60 |
Co_. o p<0.05
Do o &
D._______::] D E_l‘_) @ |
49@'@%‘@93%2 . op
O 04 0g --.'.T@E_' -
20} & O oL
[fo)[0y
o
D L L L L
1960 1980 2000 2020
0¢ o o | @O
o Sosp T
Ecg:;&: ;5% -
4l BTE P o |
0 . K
6l PO |
O
81 s=+0.04 |
<0.05
10— - P -
1960 1980 2000 2020
Year

12



Trends in Winter Rain and/or Snowmelt during Frost

Reykjavik

* RoS events during frost increased in the last decades

£ .
601 :
= | s=+0.15 0o .
= ¢ O
£ | D gy 0000 —®
3 | 5% IR T
w P® @] O
£ 5 0~ 0%y,
% o I
= 1940 1960 1980 2000 2020
E
E
60 = :
O

o 0
£ 40 o 8]
= 0'9 ©
=
E 20 5
=
= o © 50 °
o O
o0 - : -
ﬁ 1940 1960 18980 2000 2020
=

Year

nova
TeCH

L'eau dans la ville | Urban

Madruvellir Hallormsstadur
150 - - 200 ; : :
s=+0.35 C s=+0.41 O
- p<0.05 O 150 1 p=<0.05 o
100 o e O o
o @ 100 } O
o O _ — ] ©
50 5 OO0 o[@; ) e §@é>
AR
ol—a® .C’Cg) - o . 0 G |
1960 1980 2000 2020 1940 1960 1980 2000 2020
300 = — .
100t O s=-027
) Q O p<0.05
200} © o o
G
8] '\
C O O @] 50
.@PJ O &
100 | 50 O% &G ﬂ%ﬁw q?%,_
= (@]
BSOS
0 . . 0
1960 1980 2000 2020 1940 1960 1980 2000 2020
Year Year

* Snowmelt either did not change or decreased
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Co-probability of RoS and Frost TecH

120 1

* |s considerable at all studied sites! {140

100
* The volume of RoS during frost and ’ |

severity of frost varies by sites
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* For example, RoS event with frost
with return period of 4 years
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Conclusions and Next Steps TecH

* Soil frost depth and temperature varied substantially between the studied
regions

* RoS events increased in all studied regions and pose an increasing flood risk

* The frequency of RoS and frost occurring simultaneously differed by region
and needs to be taken into account for flood mitigation

* RoS and frost will be analyzed for future climate scenarios to assess
potential increase in winter flood risk
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