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Abstract

This report is a contribution to the Knowledge for Climate Resk Programme (KvK)
under Theme 6. We have applied the climate version, HCLIMhefrheso-scale mod-
elling system HARMONIE to study soil moisture—precipitatiteedback mechanisms
over the Netherlands. The studied time period, May 10-19 1i&presents a consecutive
number of days with afternoon rain showers. By perturbingstiiemoisture in a number
of model experiments we have related changes in simulaecpgitation to changes in
simulated evapotranspiration. The resulting evaporat@recipitation ratio is compara-
ble to another study for the same region but it is also showanhttte results are sensitive
for the size and location of the chosen area.



1 Introduction

By far the most popular variables requested from climate risidaulations are precipita-
tion and near-surface air temperature. More emphasis isdays towards the extremes
of these variables and not only on their mean value charstitst Thus, the challenge
for the climate modelling community is to keep on quantifythe uncertainty in climate
scenarios in general while at the same time quantifying tdreribution of small-scaled
extreme events. The general uncertainty is tackled by ta@tmulti-model ensembles.
To statistically cover the uncertainty range, a large amaifrsimulations is required
which means that climate models cannot be too expensivén{ghoin resolution). Given
today’s computer resources, most climate models are threr@iot suitable to quantify
extreme event characteristics, especially not for preatipn, since they operate on scales
usually larger than 10 km. Explicit simulation of extremegpitation events requires yet
an order of magnitude higher resolution.

The Numerical Weather Prediction (NWP) community, runningted area models, does
apply models on the kilometer scale today. One such commisHIRLAM in which
KNMI and SMHI are members. HIRLAM applies the meso-scale niodg system
HARMONIE which represents a suite of physical parametrimapackages that are de-
veloped to be applicable to different resolutions. For gtisdy we make use of two
HARMONIE packages, the ALARO package for boundary condgiand the AROME
package for the actual simulations.

Under Theme 6, project 1, in the Knowledge for Climate ReseBrdgramme (KvK),
we look into how the HARMONIE system can be used to study relepaocesses over
the Netherlands. For these studies we apply HARMONIE as aatéirmodel meaning
that no data assimilation is applied. As we are not depenoiertata assimilation we
have more freedom to activate physical processes that wediieehnt for the study. But,
it also means that we apply the HARMONIE system beyond normVe@8PNapplications
and therefore some efforts have been needed to modify arelogethe HARMONIE
system, e.qg. related to updates of sea-surface tempeeatdneghysiographic information
and related to not so well tested physics options. This ¢émarsion of HARMONIE is
from here on called HCLIM.

In this specific study we do not really apply HCLIM in a clas$imallti-year climate mode
since we concentrate on a very limited period of time, nanhaly a month. However,
we do apply the climate version of HARMONIE which illustratésit the model system
has reached a stage where it can be used for climate apptisaiihus, the developments
made benefit partners within HIRLAM, and outside, who wantgpla HARMONIE for
climate studies.

This case study has been inspired by work performed in theedlends by co-author
Emma Daniels and by Hohenegger et al. (2009) on soil moispueeipitation feedback.
By changing the soil moisture conditions in a coupled lanctesphere 3D model system
we investigate the sensitivity in corresponding prectpjmgeneratioﬁ. Hohenegger et al.
(@) relate this sensitivity partly to model resolutiorepothe European Alpine region,
or more specifically to resolved or parameterised convectibhey describe a number
of triggering mechanisms where the resulting convectidiviacdepends on positive or
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Figure 1: The model domain with accumulated precipitatimm{ over the period May
10 00Z — May 16 00Z. A rough coast line is indicated by greee &nd the Netherlands
country border used for area averaging by red line.

negative soil moisture—precipitation feedbacks. Theychate that the feedback sign de-
pends on if the convection is resolved or not but the resuisabso sensitive to how the
convection is parameterised in the non-resolved case. Mdy st resolved convection
case where the horizontal resolution is 2.5 km. The chosdndgand region, May 10-
15, 1999, over the Netherlands, has been investigated bysEDaniels by applying the
meso-scale model WRF (Weather Research and Forecasting)aSkhdwn that this pe-
riod is characterised by direct soil moisture—precipitatieedback where a combination
of synoptic forcing and direct recycling of soil moisturentgbute to the precipitation
generation.

2 Method

2.1 Modd setup

Simulations have been performed using the non-hydrot®® and climate modelling
system HARMONIE (version 37h1.2) with additional climatedifa@ations, i.e. HCLIM.
Depending on resolution and purpose HCLIM can be setup usffeyeht model com-
ponents. In this study we run HCLIM with AROME atmospheric picg (Seity et al.,
2011; Bubno® et al., 1995) at 2.5 km resolution for a 300x300 grid centreer the
Netherlands (Figure 1). Boundary conditions at 12 km resmlutere downscaled from
ERA-Interim using HCLIM with ALARO atmospheric physics (Gedeet al., 2009; Ger-
ard, 2007; Piriou et al., 2007).

The surface physics in both model setups is based on SURFEXs@at al., 2013). The



Table 1: List of simulations. One control simulation andrfaith perturbed soil moisture.

Acronym Description

CTL Control simulation.

DRY Soil moisture decreased by 30% at 00Z May 10.
WET Soil moisture increased by 30% at 00Z May 10.
WLT Soil moisture kept constant at wilting poirf{p).
FCP Soil moisture kept constant at field capact).

SURFEX version used is 6.0 and namelist settings for SURFEKidies soil diffusion
scheme with seven soil layers and one patch for nature.

2.2 Experiment

In total five simulations have been performed (Table 1). Adations start at 00Z May
1,1999, and last until 00Z May 16, 1999. The first part of treswrilations will be treated
as spinup period and we will concentrate the analysis onates period May 10 00Z —
May 16 00Z which is forced synoptically by a depression noftthe Netherlands and is
characterised as a convection dominated weather situattbrafternoon rain showers.

Initial conditions for prognostic variables are from then@aALARO simulation as used
for boundary conditions. In the control simulation the soiisture, 8, evolve freely
during the whole simulation while for all other simulatiotiee soil moisture has been
perturbed. For the DRY and WET simulations the soil moist@&/G in in isba.F90)
was modified by -30% and +30%, respectively, at 00Z May 10 liayrad points and for
all soil layers. For the WLT and FCP simulations the soil moistwas forced to wilting
point and field capacity, respectively, at the end of eacle tstep. All output data is
written with six hours interval.

3 Resaults

All results represent the time period May 10 00Z — May 16 00guFe 2 shows the time
evolution of the Soil Water Index, defined as

6 — Bup
NI = ——F—.
6fc—ewp

In ISBA, 6 can exceed (i.e. SNVl > 1) and fall belowB, (i.e. SNVI < 0). As expected,
an initially dry soil shows more variability in SWI with timeuding a rainy period than a
soil that initially is already medium wet or really wet. Theason is that a larger fraction
of any water that infiltrates into a wet soil will go to runoffidha smaller fraction will
increase the soil moisture while for a dry soil the oppostteuns. Note that the WLT and
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Figure 2: Soil Water Index for soil levels with mid depth ab tm (thin line), 13.5 cm
(medium) and 46.5 cm (thick) averaged over the Netherlam&sggure 1 for CTL (black),
DRY (solid red), WET (solid blue), WLT (dashed red) and FCP (eadhue).

FCP simulations have wilting point and field capacity valuesspribed for all individual
layers.

The simulated precipitation, along with daily observedcppitation, is shown in Figure
3. In general AROME overestimates the precipitation forghgod as a whole, although
the main part of this overestimation is due to excess radidiaing May 11. May 10
and 14 on the other hand show very good agreement with oltgsrsaln a comparison
with Figure 1 it becomes obvious that a more wet soil givesenmecipitation. Thus,
this period and region is characterised by a positive feeklbatween soil moisture and
precipitation. Note also that the increase in accumulatedipitation from DRY to CTL
simulations is larger than the increase from CTL to WET simaihest although the corre-
sponding increases in soil moisture at the end of the peredoaghly the same. Results
by\Hohenegger et al. (2009) over the Alpine region based milations with similar
model resolution gave a negative feedback between soituneiand precipitation. How-
ever, their weather situation was characterised by a weskeptic-scale forcing where
the convective activity was due to strong surface heating.

A thorough analysis of the soil moisture—precipitationdieeck mechanisms would re-
quire a water budget analysis where all components of thenegtle can be examined.
However, the present AROME setup does not allow such an sisaince only a limited
number of water budget variables are available. For the saason, Emma Daniels in
her study used an alternative method where changes in fiegicip between the different
simulations are related to corresponding changes in exapsyiration. The accumulated
evapotranspiration is shown in Figure 4. As for precipitatibut here even more pro-
nounced, the change from DRY to CTL is larger than the charage €TL to WET.

In Figure[5 the differences in precipitation and evapotfpaasion with respect to the
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Figure 3: On the left accumulated simulated precipitatieeraged over the Netherlands
in Figure 1 for CTL (black), DRY (solid red), WET (solid blue), WL{dashed red) and
FCP (dashed blue). Accumulated observed daily precipitgtioagenta). On the right
daily CTL simulated precipitation (black) and correspogdiserved precipitation (ma-
genta) for hour interval 08Z-08Z.
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Figure 4: Accumulated evapotranspiration averaged oweN#therlands in Figure 1 for
CTL (black), DRY (solid red), WET (solid blue), WLT (dashed reah)d FCP (dashed

blue).
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Figure 5: Red dots represent difference in precipitatiosw&difference in evapotranspi-
ration between the perturbed simulations and the contmalilsition. Dotted line repre-
sents 100% and red solid line 53% ratio of evaporation toipitation, respectively. The
dashed red line corresponds to the red-dashed region imefigand an evaporation to
precipitation ratio of 93%.

CTL simulation at the end of accumulated period are presenfediner relationship
between these differences appears where the slope of & liegression represents the
evaporation to precipitation ratio. The ratio over the aséthe Netherlands becomes
53%. In the study by Emma Daniels et al., focusing on May 10+idy reached a bit
higher ratio of 67%. However, the ratio is very sensitivelte averaging area. A larger
area, denoted by the red dashed line in Figure 1, gives ameaitigm to precipitation ratio
of 93% and other averaging areas tested, but not shown, giuesalso outside the range
of values presented here, everl00%. Thus, as already indicated and now emphasized
by these results, one has to look into the individual moesturdget components related
to e.g. local and advective water vapor sources, respégtieeachieve a more correct
picture of soil moisture—evapotranspiration—preciptafteedback mechanisms.

4 Remarks

This study has illustrated the how the climate version of HARME, HCLIM, can be
used as atool to investigate and understand regional dipratesses and feedback mech-
anisms. HCLIM represents a new generation of regional cénmabdels with respect
to resolution and physics since it can be applied on scalewlicch convection can be
resolved. This is a very important, especially for studielated to extreme precipita-
tion, since the quite large uncertainty represented by #narpeterisation of convection
in more coarse resolution setups is reduced. HARMONIE, aioly the atmospheric
physics packages AROME and ALARO in combination with theéaee physics package



SURFEX, is now used as official NWP model system in many Europeantries. Given
its climate option, HCLIM, HARMONIE represents a powerful kdor high resolution
NWP and climate studies over Europe and elsewhere.
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