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Summary

Within the research project BRAHMATWINN an interpolation of daily temperature values
for European and Asian test-areas (grid cell size of 0.5°) has been conducted. The method-
ology applied follows the approach of HUNTER & MEENTEMEYER (2005) which integrates,
next to daily temperature values, long-term-temperature maps to reconstruct spatially ex-
plicit estimates. The method uses Ordinary Kriging. The workflow was managed within an
ArcGIS 9.2 environment and initially designed in ESRI’s Model Builder. Nested looping
structures and batch processing functionality have been integrated using the Python script-
ing language. We describe the workflow, experiences with the application of netCDF data
and the application of a Python script in a batch processing environment. The applied
methodology shows a high accuracy compared to the datasets used for accuracy assess-
ment.

1 Introduction

The FP6 research project BRAHMATWINN (http://www.brahmatwinn.uni-jena.de/) inves-
tigates climate change scenarios to alpine river systems in the Upper Danube and Upper
Brahmaputra catchment. BRAHMATWINN aims to understand the consequences of future
climate within a holistic and interdisciplinary approach. The project links to the European
Water Initiative and aims to enhance capacity to carry out a harmonised integrated water
resources management (IWRM). Next to the integration of various indicators, spanning
from the natural-environmental dimension to indicators/domains of socio-economic charac-
teristics one important prerequisite is the generation of enhanced, downscaled climate
change scenarios.

Deriving from climate change scenarios of the Intergovernmental Panel on Climate Change
(IPCC) a statistical and dynamical downscaling method was applied to achieve a resolution
of 0.5° (~ 50km) which is implemented by the University of Frankfurt. These outputs will
further be integrated in the GLOWA-DANUBE model to achieve a final grid resolution of
specific meteorological parameters at 1km resolution, which serves as the modelling scale
of BRAHMATWINN.

For the purpose of validation of the modelling output (0.5° resolution) daily interpolated
temperature values had to be available for the Upper Danube and Upper Brahmaputra river
basins on a grid scale of 0.5° and within a minimum time span of 25 years (1975 — 2000)
which allows the identification of climatic relevant characteristics.
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2  Spatial interpolation of temperature values

As it is pointed out in DE SMITH et al. (2007) spatial interpolation is one of the core con-
cepts of geospatial analysis. It assumes that data point values represent a sample from some
underlying true distribution. Deriving a model from these samples, it is possible to interpo-
late, or predict, values at unsampled locations. Within the interpolation of climatic parame-
ters different methods are currently applied such as Spline, Inverse Distance Weighting
(IDW), regression models or Kriging. Evaluation and comparisons of the different methods
are available in the scientific literature (such as HARTKAMP ET. AL 1999, KURTZMAN &
KADMON 1999 or STAHL 2006). The final choice of an appropriate method depends on the
domain of application and the characteristics of datasets being integrated.

As HUNTER & MEENTEMEYER (2005) point out, there are a variety of methods available to
map daily weather conditions, which each has limitations for applications over broad
scales. Within this research context, but also in similar hydrologic and ecological studies,
meteorological parameters have to be more and more available on finer time scales - e.g.
daily or even finer (such as RUNNING ET AL. 1987, MCMURTRIE ET AL. 1992).

Within the afore mentioned research context, we apply the method after HUNTER &
MEENTEMEYER (2005) for two test areas in Europe and Asia (see Fig. 1).
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Fig.1:  Workflow describing the calculation of daily temperature average maps follow-
ing the climate imprint methodology
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3 Methodology

The test area covers large areas of Central Europe and Central Asia (see Fig. 2). The two
areas differ significantly in size, which is due to the specific task of targeting the Upper
Danube and the Upper Brahmaputra river basin.

Measurement data of temperature was used, which is provided through the publicly avail-
able database of WMO (Daily Temperature Values: Global Surface Summary of Day which
is provided by NOAA, Version 8, http://www.ncdc.noaa.gov/cgi-
bin/res40.pl?page=gsod.html). This database includes various meteorological parameters
from over 9000 stations worldwide. The database is updated daily and data access is free of
charge. In the European test area a maximum of 2829 stations and in the Asian test area
4615 stations have been incorporated. Whereas in the European test area data is more or
less distributed equally (with a concentration of stations in Austria and Switzerland), data
distribution various significantly within the Asian test area. A lack of observation stations
can be found in the western part of China, actually the most relevant one for the study area.

Data has been downloaded from the database in text format and had to be formatted and
converted accordingly to fit the requirements for further analysis. Therefore a script has
been programmed in FORTRAN which selected the relevant stations and converted the
values from degree Fahrenheit (°F) into degree Celsius (°C). Finally, the data has been
integrated into an ESRI personal geodatabase where the station data has been joined to the
location of the stations ID.

The methodology applied, to interpolate the temperature values, follows the Climate Im-
print Methodology of HUNTER & MEENTEMEYER (2005), which provides a simple and
effective way for mapping daily meteorological conditions across heterogeneous land-
scapes. Measurement data recorded at point locations are integrated with long-term-average
climate maps to reconstruct spatially explicit estimates of daily temperature values. The
main reason for including this long-term-average climate maps (within this approach
monthly temperature averages) is to incorporate adiabatic lapse rates, orographic effects
and other environmental factors which have been considered calculating the monthly aver-
age maps. Before interpolating the data, a climate imprint value has been calculated for
each point measurement station following the equation:

Tdifference = Tmomhly - Tmeasurementdaily

CRU (Climatic Research Unit, University of East Anglia) datasets were used as input for
the long-term-average maps (Tmontiy). These datasets are available through the Tyndall
Centre for Climate Change Research in the UK. For the European test area CRU TS 1.2
data (MITCHELL et. al. 2003; http://www.cru.uea.ac.uk/~timm/grid/CRU_TS 1 2.html)
with a spatial resolution of 10” was applied. In the Asian test area CRU TS 2.0 (MITCHELL
2004; http://www.cru.uea.ac.uk/~timm/grid/CRU_TS 2_0.html), applying a resolution of
0.5° have been integrated. The data was available in a proprietary ASCII format and had to
be converted to the netCDF (Network Common Data Form) Format. NetCDF is a set of
open software libraries and machine-independent data formats that support the creation,
access, and sharing of array-oriented scientific data which is widely used within climatol-
ogy. Additionally, the daily measurement values had to be normalized accordingly to the
CRU digital elevation model with a lapse rate of 0.65 K/hm.
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(Not to scale)

Fig.2:  Results showing the interpolated temperature values for the European (left) and
Asian (right) test areas; Results are displayed for September 6", 1987 within a
virtual globe environment (Google Earth).

Ordinary Kriging (Exponential) was applied to interpolate Taifterences Whereas the
semivariogram parameters have been generated by default, due to large amount of datasets
being generated. Lag size has been set to 0.005 with an output raster size of 0.5°. The
search radius applied has been 2° for the European area, and 4° for the Asian test area.
However, a minimum of four neighbouring stations had to be considered for the prediction
of temperature values. In a last step, and to resolve the formula and calculate the daily aver-
age temperature values the following equation was used:

Taverage daily = Tmonthly - Tdif‘ference

The workflow was managed within an ESRI ArcGIS 9.2 environment (Spatial Analyst
extension). In a first step the workflow has been designed in ESRI’s Model Builder. Due to
limitations concerning nested loops in the Model Builder the workflow was re-programmed
in a Python script and sophisticated looping structures/batch processing functionalities were
established. Python is an open-source scripting language, which can access ArcGIS geo-
processing functionality. An additional benefit was the ability of such a Python batch script
to run without the need of opening the ArcGIS software. Since the modelling process has to
run on several computers at the same time, this feature improved the performance signifi-
cantly.

4  Results

In total approx. 10200 GRID files have been produced. As the Kriging methodology gener-
ates an output variance of the prediction raster the total amount of raster datasets doubled.
Some single datasets could not be calculated (Europe: n=35, Asia: n=8) due to unexpected
and —explainable software crashes. However these errors are negligible. As the output files
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have been ESRI GRID files, they were converted to the netCDF format, which required the
integration of raster files in a raster catalogue in the personal geodatabase.
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Fig.3:  Comparison of results of the climate imprint data (ClI, and Cl monthly [aver-
aged]) to CRU, University of Delaware and ERA 40 data for test areas in Europe
(WEST: Western Alps; NALP: Northern Alps, TIC: South-Western Alps) and
Asia (test areas around Lhasa, Assam and Central India) for the year 2000.
Source: University of Frankfurt

Results have been compared to measurements of ERA40, University of Delaware and CRU
datasets. Fig. 3 shows that for European test areas differences between the methods are less
compared to the Asian test area were variances are higher. This is also mainly due to the
lack of measurement stations and the different climatic characteristics in this area. Com-
parisons to independent observational datasets show a high accuracy of the Climate Imprint
Methodology compared to methods applying “interpolation-only™.

5 Conclusions

Within this paper we have demonstrated the integration of the method after HUNTER &
MEENTEMEYER (2005) within a GIS environment and processing within a Python script. An
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advantage of the method applied is the availability of additional datasets, such as the
monthly-enhanced temperature maps. These datasets are freely available and could be fi-
nally integrated within a GIS environment.

However, the calculation of the temperature maps was a time consuming event (20 CPUs [2
GB RAM, 3 GHz] and 40hrs). This was due to the different conversions needed and mainly
because of the huge number of datasets being produced. The results of the interpolation
have been evaluated against additional observational datasets. The applied methodology
shows a high accuracy compared to the datasets used for accuracy assessment.
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