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Abstract Turning future climate projections into robust and reliable information
available at a local scale is imperative for the successful modeling of impacts of
climate change. In this paper we investigate ERA-40 reanalysis precipitation data
downscaled by the regional model HIRHAM, and compare them by statistical meth-
ods to observed precipitation on a local grid over Norwegian mainland. In general,
our results indicate that the regional model has too many but too small rain events
for all seasons. Although the model is to some extent skillful in describing the lower
quartile of the precipitation distribution, the evaluation shows increasing discrep-
ancies over the distributional range of the model data. Based on Doksum’s shift
function, we suggest a spatially smoothed model forming a full quantile calibration.

Ola Haug
Norwegian Computing Center, PO Box 114 Blindern, N-0314 Oslo, Norway, e-mail: ola.haug (a)
nr.no

Elisabeth Orskaug
Norwegian Computing Center, PO Box 114 Blindern, N-0314 Oslo, Norway, e-mail: elisa-
beth.orskaug (a) nr.no

Ida Scheel
Department of Mathematics, University of Oslo, PO Box 1053 Blindern, N-0316 Oslo, Norway,
e-mail: idasch (a) math.uio.no

Arnoldo Frigessi
Department of Biostatistics, University of Oslo, PO Box 1122 Blindern, N-0317 Oslo, Norway,
e-mail: arnoldo.frigessi (a) medisin.uio.no

Douglas Maraun
Ocean Circulation and Climate Dynamics, Leibniz-Institut of Marine Sciences, Kiel University
(IFM-GEOMAR), Duesternbrooker Weg 20, D-24105 Kiel, Germany, e-mail: dmaraun (a) ifm-
geomar.de

Peter Guttorp
Department of Statistics, University of Washington, Box 354322, Seattle, WA 98195-4322, USA,
and Norwegian Computing Center, PO Box 114 Blindern, N-0314 Oslo, Norway, e-mail: peter (a)
stat.washington.edu

Ninth International Geostatistics Congress, Oslo, Norway, June 11. – 15., 2012



2 Ola Haug et al.

1 Introduction

The intensification of climate research over the past decade produces a steadily in-
creasing number of data sets combining different global circulation models, CO2
emissions scenarios and downscaling techniques. Turning future projections into ro-
bust and reliable information available at a local scale is imperative for the success-
ful modeling of impacts of climate change in nature and society. The comprehensive
financial and safeguarding challenges of mitigation and adaptation call for thorough
validation, improvement and extensions of current downscaling techniques.

The purpose of regional climate models is to give stakeholders and decision mak-
ers a representation, possibly a reliable projection, at a useful spatio-temporal scale,
of future weather events. In the insurance industry, for instance, the interest lies in
precipitation projections under various possible futures to assess the changing risk
of damages to buildings or flooding [7]. Typically scenario runs are done with the
regional model forced by a global coupled ocean-atmosphere model. The question
then becomes how reliable these regional models are, at the scale needed by the
actual effect study. For example, to understand patterns of risk for the insurance of
buildings, precipitation at a mesoscale level are needed, say on a 25 × 25 km2 grid,
at least daily.

Like weather forecasts in general, being just an incomplete representation of the
physics involved, the downscaling introduces inaccuracies and errors in the result-
ing weather variables [1]. The scale of the errors varies geographically depending
on the current state of the atmosphere best represented by what is denoted reanalysis
data. Feeding the model with reanalysis data along the boundary of an integration
area, emphasizes the errors of the downscaling process itself and minimizes the con-
tribution added from propagating discrepancies inherently present in the boundary
conditions. Reliant on the downscaling, the 25× 25 km2 downscaled reanalysis data
are still supposed to possess properties similar to real weather locally over longer
time periods.

This paper uses findings of a downscaling evaluation study [6] as a motivation
for constructing a full distributional calibration model for downscaled reanalysis
precipitation data.

2 Data

The data used in this study constitute 40 years of daily precipitation values for the
Norwegian mainland, covering the period 1961 to 2000. The data set is twofold,
where one part consists of downscaled ERA-40 reanalysis model data and the other
is based on observations. A more thorough description of the data is given in [6].
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ERA-40 Reanalysis Data

In vague terms, reanalysis data express the best estimate available for the cur-
rent state of the atmosphere. They are formed in retrospect from feeding various
sources of meteorological observations into a computerized atmospheric model that
smoothes the observations and brings them into consistency. ERA-40 reanalysis data
are a product of the ECMWF (European Center for Medium-Range Weather Fore-
casts) in the UK. Our source data outputs the state of the atmosphere through daily
meteorological variables on a 125 × 125 km2 grid.

Downscaled ERA-40 reanalysis data are collected from the ENSEMBLES project
web-site [1]. Gridded large scale ERA-40 data along the boundary of an integration
area covering most of Europe are dynamically downscaled to weather variables on a
grid with a spatial resolution of 25×25 km2, which amounts to 777 grid cells over
Norwegian mainland. The downscaled ERA-40 reanalysis data [3] will be referred
to as dERA40 in this paper. The downscaling is done by the Norwegian Meteoro-
logical Institute by means of their HIRHAM Regional Climate Model [4].

Observation Based Data

Precipitation is observed daily by stations irregularly distributed across Norway.
Based on all observations of precipitation available at every time, high-resolution
precipitation grids (1×1 km2) are estimated applying a Delaunay triangulation [5].
The interpolated precipitation values are adjusted locally by taking the deviations
between triangulated station elevations and ground heights as given by a real ter-
rain model into account. Also, prior to the interpolation, observed precipitation is
corrected for exposure dependant undercatch due to wind loss.

In order to compare the two data sets, the 1× 1 km2 observation grid is aggre-
gated into the larger 25× 25 km2 grid of dERA40. This is obtained by collecting
all 1× 1 km2 grid cells with centre points within an ERA-40 cell, and taking their
mean as a representation of the measured precipitation inside that grid cell. We use
the abbreviation OBS for this data.

3 Evaluation Study

Using reanalysis data as forcing, we have investigated by statistical techniques how
well the Norwegian regional model HIRHAM compares to triangulated and aggre-
gated station measurement data on a 25× 25km2 grid over Norwegian mainland.
Statistical testing is shown to contribute to the purpose of a standardized assess-
ment for dynamical downscaling models. Methods considered are the Kolmogorov-
Smirnov two-sample test, a Fisher exact test for equality of quantiles, an Extreme
Value Theory test, where equality of the one-year return levels are tested, and equal-
ity of wet-day frequency. All tests are performed seasonally.
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The regional model is skillful in describing the lower quartile of the precipitation
distribution, but underestimates higher levels of precipitation. A sample result of the
quantile test for the summer season is shown in Fig. 1. The 0.05 quantile panel shows
no significant difference between the OBS and dERA40 data sets for most grid cells,
whereas the 0.95 quantile panel contains mostly dark colour shades indicating OBS
quantiles are significantly larger as compared to dERA40. Our results also indicate
that the regional model has too many but too small rain events for all seasons. In
brief, the evaluation says that for the purpose of using regional models to produce
realistic rainfall at the detailed level needed for regional planning and other impact
studies, there is still a way to go. Further details are available from [6].

Fig. 1 Quantile test: Equality in quantiles (grid cell by grid cell) of the two data sets for the summer
season at the α = 5% significance level. Left 0.05 quantile. Right 0.95 quantile.

4 Calibration Model

The results of the evaluation underlines the need for enhanced climate projections
at a local scale. Generally, discrepancies between the two distributions exist for the
whole range of data, leaving demand for a full quantile calibration function. We
address this issue through developing a spatially smoothed model that will make
the model distribution closer to that of the observed precipitation data. The trans-
fer functions between the two distributions are characterised using Doksum’s shift
function.

Assume Norway is divided into grid cells. For grid cell i, i= 1, . . . ,S, let Xi denote
the precipitation modelled by dERA40 and Yi actual precipitation. Let Fi be the cu-
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mulative distribution function of Xi and Gi be the cumulative distribution function of
Yi. We have dERA40 model output precipitation xit and observed precipitation yit for
historic t = 1, . . . ,T (daily resolution for 40 years). Thinking of dERA40 reanalysis
data as a substitute for global climate model data, our interest lies in distributional
coherence between the downscaled model output and the actual precipitation rather
than daily correspondence between xit and yit .

Doksum’s shift function [2],

Di(xi) = G−1
i (Fi(xi))− xi (1)

implies that Di(Xi)+Xi has the same distribution as Yi. If this shift function is con-
stant, it means that there is only a difference in location between the two distribu-
tions (and particularly constant equal zero implies no difference in distribution), if
it is linear then a location-scale transformation is implied.

Doksum’s shift function can be approximated by

D̂i(xi) = Ĝ−1
i (F̂i(xi))− xi (2)

where F̂i and Ĝi are the empirical cumulative distribution functions.
Now, introduce

zit = D̂i(xit) = Ĝ−1
i (F̂i(xit))− xit (3)

where F̂i is estimated from xit , t = 1, . . . ,T and Ĝi from yit , t = 1, . . . ,T . zit , i =
1, . . . ,S, t = 1, . . . ,T will act as our ”data” (and then we ”forget” about the yit ’s).

We model zit by piecewise (binned) constant term regression, using B bins sepa-
rated by break points {qib}B

b=0, and with nearest neighbour spatial smoothing on the
regression coefficients. The binning is done in either of two ways. First, in what we
call quantile binning, for each grid cell the data are distributed evenly into the bins
so that they all contain the same number of observations. The break points {qib}B

b=0
represent some common set of quantiles across all grid cells. Here, data values exist
for all bins for all grid cells. However, a bin b may represent quite different quan-
tities of precipitation even for neighbouring grid cells. In particular, this means that
smoothing tail bins may imply smoothing bins with significantly different amounts
of precipitation. Alternatively, data could be arranged by absolute binning where
{qib}B

b=0 are set at fixed, common values in all grid cells. Depending on the break
points used, this approach tends to make some bins empty in certain grid cells. The
argument behind this kind of smoothing is the one of borrowing strength across
areas with sparse data.

Implicitly, we model the pair (Zit ,Xit) through

Zit ∼ N(αib(Xit ),σ
2
b(Xit )

), where b(Xit) = {b : qi(b−1) ≤ Xit < qib} ∈ {1,2, . . . ,B}

αib(Xit ) ∼ exp
(
−φb(Xit ) ∑

j∼i
w ji(αib(Xit )−α jb(Xit ))

2) (4)

σ
2
b(Xit )

∼ Maybe Inverse-Gamma

φb(Xit ) ∼ Maybe Unif(0,Uα)
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(5)

where j ∼ i is the set of neighbours of grid cell i. The weights w ji are calculated
from the difference δi j between mean observed precipitation for grid cells j and i
which is meant to be a proxy for meteorological closeness.

The data are divided into a training set and a test set in order to evaluate the
posterior predictive performance. The training set is used for the posterior analysis,
and then the posterior predictive distribution for the test period is compared to the
observed test set.

We have started to experiment with various priors and various levels of smooth-
ing, for both binning strategies. So far we are not able to show sufficiently robust
results. For example, it is not clear what level of smoothing is chosen a posteriori,
which means that we do not know yet if smoothing is justified and useful for our
actual data. However, we believe that the method has potentials, beyond the current
application. The poster we will present at the conference will hopefully have some
clear conclusions.
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