Downscaling of ERA-40-driven regional climate modeprecipitation
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INTRODUCTION

There is today a widespread consensus that glofahivg is a real threat to the future climate (IP2@7).
General Circulation Models (GCM) are used to pretiiie associated climate impacts on a global seiaever,
not least in light of the recent strong medial @n the climate change issue, the demand fronetyofor
assessments of the climate change impact on atgoned and even local scales is rapidly increasifigis
necessitates some form of downscaling of the GGvlte from a resolution of typically ~3° down to chufiner
spatial grids, and even virtually point valueshitioges in local processes are to be assessed. areei@lay two
main downscaling strategies: dynamical and stesiktirhe former implies that a Regional Climate Mio@RCM)
is nested inside the GCM to increase the spatiludon (to typically ~0.5°); the latter is basea statistical
relationships between GCM results and regionabcallobservations.

The main objective of this preliminary study isassess the possibility to relate the result in sepfspatially
averaged precipitation from an RCM grid box to poialue observations from a nearby located pretipit
gauge. The key issue is with which accuracy RCMiltescan be statistically downscaled to represhst t
precipitation process as manifested in a singlentporhe underlying motivation for the study is umba
hydrological assessment, i.e. what is the expettgzhct of climate change in terms of flooding arntieo
problems (e.g. pollution transport) in the stormaidage network of large cities. To be accuratelycdbed by
computer models, this urban runoff process requioest value precipitation data, i.e. even the igpa¢solution
of RCM:s is far too coarse. Also the temporal resoh required for urban hydrological assessmeneiy high
(~5-10 min), but recent RCM output is at least apphing these time scales.

DATA AND STUDY REGION

The regional climate model data consist of resfitism an RCM named RCA3, which stands for the third
version of the Rossby Centre Atmospheric modelligfém et al., 2005). This model has been devalaethe
Swedish Meteorological and Hydrological Institutée model domain covers Europe and is shown inrEiga.
The spatial resolution of the results used here48agl9 km and the time step 30 min. Data from boges close
to the observation stations (right) were used.

Precipitation observations from single gauges mneeéhSwedish cities (Kalmar (1), Jonkoping (2), Bhbadm
(3); Figure 1b), representing climate regions ofhbmaritime and more inland character, were usdte T
observations were obtained by tipping-bucket gaugerding the time when 0.2 mm had accumulatad, a
were aggregated to 30-min values to conform withRICA3 output time step (Hernebring, 2006).

ROLE OF ERA-40

A general difficulty with GCM results, whether fher downscaled or not, concerns their comparahiliti
observations representing the present climate1pslimate exhibits low-frequency oscillations (decadal time
scales or even longer, e.g. NAO phases) and (2) @@ start from arbitrary initial conditions, & not certain
that GCM results in a given time period are “in giawith the real climate. Averaging over sevemtates may
reduce the problem, but to which degree is diffitmlassess, as is the relative contributions fimwdel errors”
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and “phase errors”. Comparing GCM-driven RCM resulith observations is therefore associated witgela
uncertainty and requires long time series, witlueel exist for short-term point precipitation obsgions. An
alternative strategy, used in this experimentp idrive the RCA3 model not by GCM results but byadaom the
ERA-40 reanalysis. ERA-40 data from 60 verticaklewvith a horizontal resolution of 2° and tempaoegblution
of 6 h were interpolated to the RCA 3 grid and thised to specify the boundary conditions for an RCén.
Thus the model boundary conditions were “perfeatit{in the accuracy of the ERA40 data set), whiobvfmes
the most suitable RCA3 results for comparison wiblservations and reduces the need for long timeg=erin
this experiment, the time period used extends fieenmid-80’s (when high-resolution observationststd to
year 2000 (when the available ERA-40-driven RCAtadaded), i.e. covering ~15 years.

DOWNSCALING METHODOLOGY

A simple stochastic scheme was formulated andddstedownscaling the RCA3 precipitation from adgbiox
to possible realisations of the precipitation ipaint within the box (Figure 2). The method is lwhsa not only
total precipitation from the RCA3 model, but alsoits two components: large-scale and convectieeipitation
(which when summed adds up to the total precipitdtiFor each of these components, a typical dpatierage
(% of grid box) needs to be estimated. For exanplgpical convective cell may occupy 1/9=11%J=af the
grid box. Thus the actual precipitation intensisy9/1=9 times the grid box mean intensity and & ha%
probability of occurring in a certain point. A largcale system (e.g. stratiform), on the other haray typically
cover 89% (=@ of the grid box, i.e. with 89% probability prodng precipitation with an intensity of 9/8=1.125
the grid box mean in a certain point (Figure 2)tHis experiment the overall applicability of thenple scheme
was assessed and the parameteasid ¢ roughly optimised for the three Swedish cities.

It needs to be emphasized that this is a very tigst with more or less arbitrarily selected paramgalues.
The results shown in the following should therefbeetaken mainly as an indication of whether thggssted
approach is at all able of generating a realigsuilt.

RESULTS

Figure 3 show some examples of results from theleidownscaling scheme. In the figures, blue regss
properties of observed point rainfall time serg®gen represents time series of grid box rainfarages and red
represents simulated (downscaled) point rainfalie Tresults have averaged over 10 realizations ftloen
stochastic scheme, to obtain stable estimates



Assumed coverage Actual intensity Probability in a point

Large-scale
RCA/(8/9)=RCA*1.125 8/9 =89% = ¢,
P
Convective .
RCA/(1/9)=RCA*9 1/9 = 11% = c,
P

Figure 2. Schematic of the downscaling methodology.

In the top diagram, four general statistical prtéiperof the time series are compared: (1) mean BOvoiume
(mm), (2) standard deviation (mm), (3) mean norez&d-min volume (mm) and (4) probability of non-aer
30-min volume (-). In the bottom diagram, the resare expressed by so-called Intensity-Duraticagi&ency
(IDF) curves. This is a common way to describedhkizeme values in a high-resolution rainfall tinggiss. The
x-axis represents the duration of a rainfall ey@& min to 1 day in this case) and the y-axis regmés mean
rainfall intensity (mm/hr) for each duration coreidd. Curves are typically constructed for différesturn
periods (5 years in this case).

As expected, both in terms of general statisticketireme values the time series of grid box avesdgreen)
are substantially different from observed poiniese(blue). It rains more often but the extremeslawer in the
grid box averages. The downscaled time series (reeball surprisingly well reproduce the observasioboth in
terms of general statistics and extreme values.eSonderestimation of the extremes is however appane
Stockholm, which indicates thaf meeds to be reduced compared with the initial @486 used in this study.
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Figure 3. Examples of results from the downscafirgghod in Kalmar (a), Jonkdping (b) and Stockhatin (



CONCLUSIONS AND FUTURE WORK

From this preliminary evaluation, it appears pdssiit®o combine RCM precipitation output, separatetd i
components representing convective and large-quaeipitation, with a simple stochastic schemeenihg
spatial coverage, to create reasonably accuratisaiens of the associated point rainfall proce$be
downscaled point precipitation series compare waéth observations both in terms of general desigpt
statistics and extreme values. The results sugperpossibility to statistically relate RCM resulits short-term
point observations. One possible application disedsabove is to use dynamically downscaled GCMututp
assess future changes in point precipitation, whhkever will require a very careful treatment loé talibration
for present climate. However, also other applicetionay be envisioned, e.g. simulating point préafiain
properties in ungauged areas.

Future work will include the following activitie$l) optimisation of the coverage parameters (ccanfir the
different cities, sensitivity testing, split samplalibration, (2) estimation of coverage not a®dixareas but as
given by additional RCA3 output parameters, e.gudiness, (3) evaluation and optimisation for natyo
ERA-40-driven RCA3 results but for GCM-driven RCASsults representing present climate, (4) appbtoatif
optimised downscaling scheme to GCM-driven RCA3Iltegepresenting future climate.
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