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Summary

Results of preliminary and detailed sensitivity tests of model output sensitivity to hanges in soil-related pa-

rameters are presented in the paper. Conlusions and propositions regarding onstrution of �soil-parameters-

based� ensemble(s) as a part of more general, lower-boundary-onditions-based EPS are an outome of this

ase study.

1 Introdution

Moist atmospheri proesses are learly sensitive to soil onditions, as it was shown in many studies (see

e.g. Sutton et al. 2006 or Cloke et al., 2012). At the Institute of Meteorology and Water Management �

National Researh Institute (IMWM-NRI) a simple method was proposed to assess a possibility to produe

reasonable number of valid ensemble members, taking into onsideration prede�ned soil parameters. The �rst

phase is based on tentative analysis of the in�uene on a referene results from various model set-ups (e.g.

parameter on�gurations, numerial shemes, physial parameterizations et.) ombined with rough hanges of

the seleted soil-related model parameters (like surfae-area index or bottom of the last hydrologial ative soil

layer). This analysis provides an answer about �importane� of mentioned soil parameters and a possibility

to neglet �less signi�ant� ones. The proposed tests should answer, how small perturbations of seleted

parameter(s) are su�ient to indue most signi�ant hanges in the foreast of the state of atmosphere, and,

thus, to provide qualitative seletion of a �proper� member of an ensemble.

So far, the �rst two phases were applied in the analysis - a prede�ned group of di�erent model on�gurations/set-

ups was tested providing the �rst seletion of soil-related parameters whih will be used in our further ensemble

experiments. Then detailed sensitivity test was arried out in order to establish test-bed environment used to

assess validity of the seletion of ensemble member(s) in a quasi-operational mode. Finally, these experiments

should result in preparing a well-de�ned ensemble based on the soil parameters perturbation to be introdued

in the COSMO model operational work.

2 Basi Methodology

COTEKINO sensitivity test setup

Due to onvetion-permitting grid resolution used in the simulations, shallow onvetion sheme was hosen as

a basi (and invariant) setup to subsequent studies. Other physial parameterizations and numerial shemes

seleted for the test were as follows (see Shattler et al. 2008, for details):

� The various formulations of the advetion:

- Leapfrog: 3�timelevel HE-VI (Horizontally Expliit � Vertially Impliit) Integration. This sheme

is used as a default setup in Poland for 7km resolution operational model instane, as well as for

the COSMO-EU in DWD.

- Runge - Kutta: 2-timelevel HE-VI Integration (irunge_kutta=1). This sheme is used for the

COSMO-DE.

- Runge - Kutta: 2-timelevel HE-VI Integration (irunge_kutta=2) - variant sheme with Total

Variation Diminishing.

� Vertial turbulent di�usion:
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- 1-D diagnosti losure (used in ombination with leapfrog sheme only).

- 1-D TKE-based diagnosti losure(used in COSMO-EU and in COSMO-DE).

� Parameter to selet the type of parameterization for transpiration by vegetation:

- Buket version.

- BATS version.

All the above gives total of 9 basi (referene) set-ups. Then soil-related parameters to be evaluated in the

sensitivity test were hosen as follows:

- _soil (with relation to _lnd) � surfae-area index of evaporating fration from 0 to _lnd (surfae-

area index of gridpoints over land, default 1.0),

- rsmin � minimum value of stomatal resistane (used in onnetion with BATS version only) from 50

to 200 (default 150.0),

- pat_len � length sale of subsale sf parameters over land from 0 to 10000 (500 m),

all the above in TUNING namelist and

- zbot_w_so � depth of bottom of last hydrologial ative soil layer, from 0.0 to last soil level depth

(default 2.0 meters) in PHYCTL namelist.

General assumption for the preliminary assessment was to hoose three to four values from a given parameter

range, inluding minimum and maximum ones.

Output �elds seleted for omparison were:

- Soil � soil temperature at 0 m down (surfae temp.).

- T2m � air temperature at 2m above ground level.

- Water � water + ie ontent of soil layers 1m down the surfae.

- U10m � zonal wind omponent, 10m above ground level.

- V10m � meridional wind omponent, 10m above ground level.

Statistial harateristis seleted for sensitivity analysis were as follows:

- point-to-point di�erene pattern (�eld) with enter of mass of �eld of di�erenes, de�ned as
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- average di�erene (over entire domain)

- RMS of di�erene (over entire domain)

- maximum di�erene of values (MDV) de�ned as
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- R (Pearson) orrelation oe�ient (over entire domain)
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As a ase study basis eleven di�erent synopti situations were hosen (for Poland area); six of them tested

before during COLOBOC priority projet, and �ve new ones:

- 2009.02.01 (00 UTC) - low temperature, the ground was frozen solid

- 2009.02.22 (12 UTC) - sunny/fair day

- 2009.10.16 (00 UTC, 06 UTC) - ground overed with snow

- 2009.11.04 (12 UTC) - windy day with preipitation

- 2009.11.21 (06 UTC) - foggy day

- 2012.02.03 (00 UTC) - very old day with air temperature below �20

o

C, ground frozen solid after two

weeks of low air temperatures

- 2012.05.18 (00 UTC) - sunny/fair day, ground temperatures below 0

o

C

- 2012.07.01 (00 UTC) - sunny/fair/hot day

- 2020.12.14 (12 UTC) - again, very old day with air temperature below �10

o

C

- 2020.12.16 (12 UTC) - right after previous, some warming in the air (higher temperature)

3 First outomes, preliminary onlusions

After ompleted model runs for mentioned terms and subsequent statistial omputations following onlu-

sions were drawn:

� There were no signi�ant di�erenes (sensitivities) with hanges of numerial shemes (HE-VI, RK1

and/or RK2). Hene it was suggested in further study to limit to operational on�guration of COSMO

(whih is 3-order standard Runge-Kutta sheme, 2-timelevel HE-VI integration with irunge_kutta=1,

similar to COSMO-DE).

� �zbot_w_so� has a noteworthy impat on values of water and ie ontent down to 1458 m below

ground level.

� Parameter �_soil� has a noteworthy impat on values of air temperature at 2m agl., dew point

temperature and relative humidity at 2m agl., wind speed and diretion at 10m agl. and surfae

spei� humidity

� Other parameters have rather insigni�ant impat on tested values against referene ones.

Conerning all the above results, we deided to proeed with sensitivity tests with following assumptions:

1 Due to the (onvetion-permitting) sale of problem and spae resolution of model domain shallow onve-

tion sheme is aepted as basi.

2 Basi numerial sheme would be 3-order standard Runge-Kutta sheme (see above).

3 All eleven test ases (di�erent synopti situations) as listed above were onsequently used to study the

variability of the �_soil� parameter within the range from 0 to 2.0 with step of 0.1 and of �zbot_w_so�

parameter, within the range of 0.0 to 5.0m with step of 0.25m.

4 Results

Following �gures show seleted results of sensitivity tests. All of results are desribed in terms of spatial dis-

tribution of �spread� � i.e. standard deviation of result against referene (default value) of seleted parameter

- and presented as the �spread� of the temperature (a; upper left), dew point (b; upper right), wind speed (;

lower left) and preipitation (d; lower right hart).

1 �_soil� sensitivity test results (Figures 1�4).

2 �z_bot_w_so� sensitivity test results (Figures 5�8).
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(a) (b)

() (d)

Figure 1: Winter ase (Deember 14th, 2012)

(a) (b)

() (d)

Figure 2: Spring ase (February 22nd, 2009)
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(a) (b)

() (d)

Figure 3: Summer ase (July 1st, 2012)

(a) (b)

() (d)

Figure 4: Fall ase (Otober 16th, 2009)
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(a) (b)

() (d)

Figure 5: Winter ase (Deember 14th, 2012)

(a) (b)

() (d)

Figure 6: Spring ase (February 22nd, 2009)
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(a) (b)

() (d)

Figure 7: Summer ase (July 1st, 2012)

(a) (b)

() (d)

Figure 8: Fall ase (Otober 16th, 2009)
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5 Disussion

As in preliminary omputations it should be stressed that hanges of �zbot_w_so� had a noteworthy impat

on values of �deep soil� parameters, like water/ie and water ontent, temperature of soil layers et. down

to 1458 m. This in�uene varied from 10 to 25 perent of original (referene) value, and seemed to enlarge

with inrease of zbot_w_so Impat on values of lower-atmosphere parameters like air temperature, dew

point, preipitation amount or wind speed most likely to be negleted. On the opposite, hanges of �_soil�

seem to indue signi�ant hanges of values of air temperature, dew point temperature and relative humidity

at 2m agl., wind speed/diretion at 10m agl. and surfae spei� humidity foreast against referene ones.

The maximum �spread� (standard deviation of values against referene one) � is as big as 2

o

C (in ase

of temperature or dew point) or 1.5 m/s (wind-speed). Mean di�erene (over the entire domain) between

maximum and minimum values was about 0:1

o

C and 0.07 m/s, respetively. This order of hanges pertained

mostly to �warm� ases (late spring, summer, early fall), sine for obvious reasons soil is at this time muh

more �subtle� to �stimuli� from a boundary layer. Thus, all the hanges seemed to be muh more visible during

warm season as above de�ned. Impat on values of soil parameters like water/ie and water ontent, or soil

layers temperature is rather irrelevant.

In the frame of COTEKINO priority projet it is planned to study a possibility to prepare su�iently repre-

sentative ensemble in two di�erent ways. It would be a random setting of a one value of _soil/zbot_w_so

globally/uniformly for the entire domain, whih is easier to perform (required hange(s) in namelist only),

and there's no need for modi�ation of the soure ode. This approah is, in general, a logial onsequene

of researh desribed in this paper. The seond approah proposed to assess is a more �stohasti� one: a

valid ensemble ould be prepared via modi�ation of the soure ode to modify values of _soil/zbot_w_so

from gridpoint to gridpoint over the domain in a random way. Subsequent ativities are planned to gain

ensemble(s) in both ways and to ompare results of these approahes.

Referenes

[1℄ Cloke,H., Weisheimer,A., Pappenberger,F., 2011; Representing unertainty in land surfae hydrology:

fully oupled simulations with the ECMWF land surfae sheme.Workshop on Model Unertainty, 20-24

June 2011, ECMWF, Reading (UK).

[2℄ Doms,G., Shattler,U., 2002; A Desription of the Nonhydrostati Regional Model LM, Part I: Dynamis

and Numeris, DWD.

[3℄ Doms,G., Forstner,J., Heise,E., Herzog,H.-J., Rashendorfer,M., Reinhardt,T., Ritter,B., Shrodin,R.,

Shulz,J.-P., Vogel,G., 2007; A Desription of the Nonhydrostati Regional Model LM, Part II: Physial

Parameterization, DWD.

[4℄ Rewut,B., 1980; Soil physis (in Polish: Fizyka gleby), PWRiL.

[5℄ Shattler,U., Doms,G., Shra�,C., 2009; A Desription of the Nonhydrostati Regional Model LM, Part

VII: User's Guide, DWD.

[6℄ Sutton, Hamill,T., Warner,T., 2006; Will perturbing soil moisture improve warm-season ensemble fore-

asts? A proof of onept. Mon. Weather Rev. 134, 3174-3189.

COSMO Newsletter No. 14: April 2014 www.osmo-model.org


