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This presentation is based on the article "Unprecedented Extreme
Meteorological Droughts Simulated in Fenno-Scandinavia with High-Resolution
Climate Models" by Ruben Haberli, Ole Bgssing Christensen, Peter Thejll and

Eigil Kaas, which has been submitted to Climate Dynamics and is currently
under review.

Figures reproduced from the manuscript are marked in the supplementary
materials but not in the presentation itself, to maintain clarity during the talk.

As the preprint is not yet publicly available, a link will be provided here once it
has been posted.




Introduction

» Future drought trends in the Nordics ot HCLIM12
are uncertain

HCLIM3

 New Convection-Permitting regional
climate Models (CPMs, 3km) improve
summer precipitation simulations

« CPMs implications for drought . ! {
conditions are still underexplored - v A
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« Evaluate the benefits of using CPMs for -
future drought frequency and intensity -
using data from Lind et al. (2023) =
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« New method for standardized indices Color Key for Regions
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Motivation and ODbjectives
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Studies indicate that CPMs provide a more accurate representation of extreme precipitation
events. [Ban et al. 2021, Lind et al. 2020 ]

In the Nordics CPMs show an overall decrease in summer precipitation compared to traditional
Regional Climate Models (RCMs) which overestimate precipitation by on avg 25%. [Lind et al. 2020]

The NorCP project ran the HARMONIE-Climate regional climate model (RCM) at 12 and 3 km grid
spacing for 20-year periods to capture climate projections. [Lind et al. 2023]

While this data has been analysed for precipitation extremes, it has not yet been explored for
drought conditions.

Objectives of the study
o Investigate future drought conditions using models with convection-resolving physics.
o Assess changes in drought probabilities and severity.

o Evaluate the benefits of using Convection Permitting Models for drought assessments.
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The NorCP Project T

* The Nordic modelling collaboration “NorCP” is performing convection permitting climate simulations
at 3 km grid resolution over a northern European domain. (from special project final report NorCP)

« The collaboration is using a common model setup for the climate-adapted version “HCLIM” of the
numerical weather prediction model HARMONIE and includes DMI (Denmark), FMI (Finland), MET
Norway (Norway) & SMHI (Sweden).

* Within NorCP, the HARMONIE-Climate regional climate model was run at 12 and 3 km grid spacing for
20 year time slices. (Lind et al. 2023)

o 1985-2005
o 2040-2060 both RCP4.5 and RCP8.5 scenarios
o 2080-2100 both RCP4.5 and RCP8.5 scenarios
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Methodology

This study is based on HARMONIE-Climate regional climate model simulations (cycle 38) at 12 km
(RCM) and 3 km (CPM) grid spacing for the following time slices and scenarios. (Lind et al. 2023)

o Historical (CTRL): 1986-2005 (baseline period for precipitation distribution)
o Mid century (MC): 2041-2060 both RCP4.5 and RCP8.5 scenarios
o Late century (LC): 2081-2100 both RCP4.5 and RCP8.5 scenarios
« EC-Earth and GFDL (only historical and RCP8.5) downscaled for HCLIM.
« The Standardized Precipitation Index (SPI) was chosen for drought analysis.
o Recommended by the WMO, as it is flexible and easy to calculate.
o Possibility to look at different drought time-frames of 1, 3, 6, or more months.
o Typically requires at least 30 years of data but 20 years is adequate for this study.

« The XCLIM python package [Bourgault et al., 2023] was used to calculate the SPI.
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Multi-Threshold Method

* In this study we analysed changes in
drought frequency using the
Standardized Precipitation Index (SPI)

 This method can be used for all
standardised indices
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Drought Threshold Share Below Occurrences in
Threshold 240 Months

Mild 0 0.5 120
Moderate -1 0.16 38.07
Severe -2 0.023 5.46 i
Extreme -3 0.00135 0.323
Exceptional -4 0.000032 0.0076 §
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Distribution of SPI-1 calculated from EC-Earth precipitation data over Fenno-Scandinavia

SPI distribution SPI dist. moderate drought SPI dist. extraordinary drought
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Example Result

The expected number of months with SPI
below -2 is ~5.5 months during the
control period of 20 years.

The plots on the right show a comparison
of historical vs. future (RCP8.5, 2081-
2100) drought frequency.

* Blue means fewer droughts

 Brown means more droughts
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Nr. of months with SPI-3 below th: -2, HCLIM3-GFDL CTRL

10.92

9.56

8.19

- 6.83

- 5.46

-4.10

2.73

Number of months with SPI below threshold
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Results — Future Drought

a) Moderate Drought: SPI-1 < -1 b) Extreme Drought: SPI-1 < -2

~
o

Maps of Fenno-
Scandinavia showing the
number of months with SPI-
1 below four different
thresholds. The maximum
value in dark brown is
corresponding to a twofold
increase in drought months,
while dark blue means that
no months had droughts
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. o
ECE LC RCP8.5 Nr. of months with SPI-3 below th: -2, ECE LC RCP8.5

Nr. of months with SPI-1 below th: -2,

T ----—---—-- - B P ——

Comparison of data from the
global model (top row), 12km | e |
HARMONIE-Climate (middle) ot g
and 3km with convection RS =
resolving physics (bottom row) ..

0.5°E 12°F 6°F 7.5 E 0.5°E 12°F

Nr. of months with SPI-3 below th: -2, HCLIM12-ECE LC RCP8.5

Number of months with SPI below threshold

Nr. of months with SPI-1 below th: -2, HCLIM3-ECE LC RCP8.5 Nr. of months with SPI-3 below th: -2, HCLIM3-ECE LC RCP8.5
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Results

SPI-3 — all year

 Fewer moderate
droughts

« More extreme
droughts

« Unprecedented
droughts
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Share of SPI-3 below threshold

Share of SPI-3 below threshold

b) Extreme Drought: SPI-3 < -2

. a) Moderate Drought: SPI-3 < -1
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. a) Moderate Drought: SPI-1 < -1 0,090 b) Extreme Drought: SPI-1 < -2
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Results

SPI-1 — growing
season

« Same frequency
moderate droughts

« Even more extreme
droughts

« Unprecedented
droughts
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Share of SPI-1 below threshold
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a) Moderate Drought: SPI-3 < -1 b) Extreme Drought: SPI-3 < -2
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a) Moderate Drought: SPI-1 < -1 b) Extreme Drought: SPI-1 < -2
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Conclusion

We calculated future Meteorological Droughts in Fenno-Scandinavia using the
SPI from Convection-Permitting regional climate Model (CPM) data.

 Moderate droughts: decrease in freq., small change during growing season
« Extreme droughts: increase in frequency, particularly in the growing season

 Unprecedented droughts: Appear from mid-21st century, intensify toward
late century

« CPMyvs RCM: The CPM projects higher drought frequency than the 12 km-
resolution RCM

We recommend the use of the multi-threshold method to better capture
drought complexity in a changing climate.
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Natural Variability / Uncertainty "

Denmark, th: -4.0

01 — spi_1m_ECE3_hist_CPM

« Quantify the uncertainty in these results. 0351 o im ety i nChoe o
—_ spi:lm:ECEB:Iate:RCPtlS:CPM
0.30 1 —— spi_1m_ECE3_late_RCP85_CPM

« For every time step (month in our case), we calculated what share of
the cells were below the thresholds (see top right).

0.25 A

« Selecting (with replacement) as many data points from each time series 0151
as there are months in the original time series. 010 l
 Repeatto get 100°'000 new datasets that were resampled from the LL _I
Original data. 1980 2000 2020 2040 2060 2080 2100

14000 A B resampled data mean

--- mean = 0.00115

* Figure in the bottom right shows the natural variability of the mean value
for the data series

12000 A

« This shows us that the mean value we calculated from the original data
agrees with the internal variability of the data, meaning that the points
shown in the frequency analysis section of this paper are robust results
and not just outliers.

4000 A

2000 A

« The full results of the bootstrapping are shown in the next slides.
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D ro u g ht F re q 1.o_a} Moderate Drought: SPI-3 < -1 l‘o_b) Extreme Drought: SPI-3 < -2

"
Share of Southern Norway with
an SPI-3 below multiple
thresholds under different
greenhouse gas concentration
scenarios, as well as during L\l
the historical period. This was | | | | | L | oo | | | | | |
calculated using the CPRCM M U O T S
at 3 km resolution (HCLIM3)
with both GFDL and EC-Earth
global models.
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FAQ - Gamma distribution *.

The two-parameter gamma distribution is recommended for general use when calculating SPI across alll
accumulation periods and regions within Europe, in agreement with previous studies.

The gamma distribution's general success is attributed to its relatively flexible shape parameter, which is
clearly suited to the range of accumulated precipitation distributions in Europe.
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FAQ - Forcing models T
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