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Abstract: The ongoing climate change over Central and Southeast Europe has a 

great potential to affect significantly the public energy demands and in particular the 

energy consumption in the residential heating and cooling sector. The linkage of the 

ambient daily extreme and mean temperatures and the energy needs for condition or 

heat buildings can be quantified as numerical indicators as the heating and cooling 

degree-days. In the present study, these indicators are calculated according the UK 

Met Office methodology from the daily mean and extreme temperatures, which, in 

turn, are computed from the output of the MESCAN-SURFEX system in the frame the 

FP7 UERRA project. The study, which is performed in a very high resolution, is 

dedicated on the analysis of the spatial patterns as well as assessment of the 

magnitude and statistical significance of the temporal evolution of the heating and 

cooling degree-days. It reveals general tendencies which are coherent with the 

regional climate warming, but with high spatial heterogeneities. The study confirms 

the essential impact of the ongoing climate change on the heating, ventilating and 

air-conditioning industry over Central and Southeast Europe. 
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1. Introduction 

According to the high-level synthesis report of the United Nations, titled “United In 

Science” (https://public.wmo.int/en/resources/unitedinscience), the climate change is 

the defining challenge of our time which exert influence on the ecosystems, on all 

branches of the international economy, and on the quality of life. The globally 
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averaged surface temperature of the Earth increased 0.85 °C over the 1880 to 2012 

period [19]. The global warming effects and the associated regional climatic changes 

over Central and Southeast Europe (CSE) have been widely documented in the last 

decades based on in situ measurements [1, 3, 16], assimilated surface observations 

[6, 9, 14, 22-24], reanalysis [11] global [10, 26] and regional climate models  

[5, 19, 20]. Most of these studies are focused on the second half of the twentieth and 

the first decade of the 21st century, clearly evidencing that, similarly to the global 

and continental trends, the regional temperature got warmer during the period. The 

study of near past climate provides an essential baseline from which to understand 

and contextualize changes in the contemporary and future climate. 
As evidenced in many recent publications (e.g., [7, 21, 28]), the changes in 

climate have direct and indirect impact on managed systems like heating, ventilating 

and air-conditioning industry. Space heating and cooling is responsible for a large 

fraction of European energy use [18]. The linkage of the ambient daily extreme and 

mean temperatures and the energy needs for air-conditioning or heat buildings can be 

quantified as numerical indicators as the Heating Degree-Days (HDD) and Cooling 

Degree-Days (CDD). Thus, HDD and CDD are rough surrogates for how climate 

change is likely to affect energy use for heating and cooling. In the present study, 

these indicators are calculated according the UK Met Office (UKMO) methodology 

from the daily minimum, mean and maximum temperatures, denoted tn, tg and tx 

respectively, which, in turn, are computed from the output of the MESCAN-SURFEX 

system in the frame the FP7 UERRA project. The study, which is performed in a very 

high resolution, is dedicated on the analysis of the spatial patterns as well as on the 

assessment of the magnitude and statistical significance of the temporal evolution of 

the HDD and CDD over CSE Europe. 

The article is structured as follows. The used input data are described in  

Section 2 titled “Short Description of UERRA and MESCAN-SURFEX”. A brief 

explanation of the UKMO definition of the HDD and CDD is placed in Section 3. 

The core of the article is Section 4, containing 2 subsections and titled “Performed 

Calculations and Obtained Results”. The concluding remarks are in Section 5. 

2. Short description of UERRA and MESCAN-SURFEX 

Accurate and reliable sources of information are crucial for building energy 

simulations and analyses [7] and thus we have exploited modern and reliable weather 

data in a very high spatial resolution. 

The objective of the project-driven collaborative initiative FP7 UERRA 

(Uncertainties in Ensembles of Regional ReAnalyses (RRA); www.uerra.eu) is to 

produce ensembles of European RRA of essential climate variables for several 

decades and estimate the associated uncertainties in the data sets [25, 30]. It also 

includes recovery of historical (last century) data and creation of user friendly data 

services. Within UERRA three different Numerical Weather Prediction (NWP) 

models have been employed to generate European RRA and subsequent surface 

reanalysis products. 

http://www.uerra.eu/
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The MESCAN-SURFEX system analysis uses the 2D-analysis system 

MESCAN [27] and the land surface platform SURFEX [4] to generate a coherent 

surface and soil analysis. The UERRA-NWP HARMONIE-ALADIN at 11 km grid 

spacing is used as a starting point to further downscaling. Beside the other 

parameters, MESCAN-SURFEX produces air temperature at 2 m above the surface 

in 6-hour temporal resolution, i.e., at 00, 06, 12 and 18 UTC for the period  

1961-2018. Based on the availability of this data, the tn, tg and tx are derived in 

regular 0.05°×0.05° grid and validated against independent data sets as documented 

in [12]. 

The applicability of the derived in such fashion temperature data for assessment 

of agro-meteorological indices over CSE Europe in the context of climate change is 

demonstrated in [13]. 

3. HDD and CDD 

HDD and CDD are, similarly to the climate and agro-meteorological indices [1], an 

attempt to objectively extract information from daily weather data (observations or 

model as in current study) that answers questions concerning energy demand and/or 

consumption in the residential and domestic heating and cooling sector. Thus, they 

are likely to display the same types of variability as the temperature data on which 

they are based. The heating and cooling requirements for a given structure at a 

specific location are considered, beside the impact of the other factors, proportional 

to the number of HDDs and CDDs at that location [7]. Recently, many studies have 

focused on the use of HDD and CDD to estimate annual and seasonal trends in the 

energy demand for heating and cooling residential, commercial, and industrial 

buildings, especially in the context of climate change (see [21, 28, 29] and references 

therein). Hence, the theoretical formulation of both indicators is not standardised, 

their computation can be performed in different ways, depending on the nature and 

scope of the study as well as availability of input data. Computation methods range 

from simple models based on monthly or annual temperature to more sophisticated 

approaches [28, 29]. In the present study we use the developed by the UKMO [15] 

and successfully applied in [29] method. According it, daily HDD and CDD are 

calculated based on a comparison of tn, tg and tx with the selected base temperature 

(tb), taking account of fluctuations of daily air temperature around the base 

temperature, as well as the asymmetry between daily mean temperature and diurnal 

temperature variations, as shown on Table 1. 
 

Table 1. UKMO methodology for computing daily HDD and CDD 

Condition HDD CDD 

tx ≤ tb (uniformly cold day) HDD=tb–tg CDD=0(No cooling is required) 

tg ≤ tb <tx (mostly cold day) HDD=(tb–tn)/2–(tx–tb)/4 CDD=(tx–tb)/4 

tn < tb < tg (mostly warm day) HDD=(tb–tn)/4 CDD=(tx–tb)/2– (tb–tn)/4 

tn ≥ tb ( uniformly warm day) HDD=0 (No heating is required) CDD=tg–tb 

 

Hence, as the study is on annual basis, we summed up the daily values. The base 

temperature is the outdoor temperature below or above which heating or cooling is 
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needed [7]. As in the original proposal [15], tb is set on 15.5 °C for the HDD-

computation and on 22.0 °C for the CDD-computation. Previous versions of these 

indicators, based solely on tg, have a jump discontinuity when daily mean 

temperature falls below the base temperature. UK Met Office methodology does not 

exhibit such a discontinuity [18]. It is worth to emphasize also, that in present work 

the daily mean temperature is independent input parameter, rather than estimated as 

arithmetic average between tn and tx as in [28, 29]. 

The units of measurement of the HDD and CDD are degree-days, noted further 

°D as properly proposed in [21]. 

4. Performed calculations and obtained results 

4.1. Spatial patterns and temporal evolution 

First, in order to reveal long term inter-annual changes for the considered indices, the 

spatial patterns of the Multiyear Means (MM) for the first 30-year, i.e., 1961-1990, 

are superimposed to the multiyear means for the second 30-year period, i.e., 1989-

2018 as shown on Fig. 1. Such comparison is acceptable, hence the both periods 

overlaps in only two years. The long-term changes are estimated by means of the 

relative bias, i.e., the difference between the MMs for the second and first period in 

respect to the first period. 

 

 
Fig. 1. Multiyear means of HDD (first row) and CDD (second row) in the first and second column 

correspondingly for 1961-1990 and for 1989-2018. The units are 100 °D. The relative biases (in %) 

are shown in the third column 
 

The spatial patterns of the variables considered are generally consistent in both 

time spans. The vertical gradients are reproduced in detail that is direct consequence 

from the high grid spacing. The landscape of CSE Europe contains large plains, high 
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mountains, mountain chains and fragmented coastlines and is quite non-uniform. The 

exploitation of datasets with coarser grid spacing could lead to overlooking of local 

spatial details, essential for some end-user applications. As stated in the regional 

study [6], based on the 0.1°×0.1° dataset CARPATCLIM [22], the regional 

differences in the HDD and CDD trends within the considered domain are related 

more to altitude, rather than latitude. 

The most obvious result from the analysis of Fig. 1 is the substantial decrease 

of the HDD and, vice versa, increase of CDD over the entire domain. Both biases are 

quite uniform and the relative increase of the CDD is significantly higher than the 

decrease of the HDD. Some recent papers (e.g., [6, 9-11, 16, 17]) have noted the 

asymmetrical evolution patterns of the regional warming in the near past but 

depending of the considered input data, time span and methodology the different 

studies have yielded mixed results. 

The temporal evolution of the Area-weighted over land Averages (AA) of the 

HDD and CDD are shown on Fig. 2. 

Fig. 2. Temporal evolution of the HDD (red line, left ordinate) and CDD (blue line, right ordinate). 

The units are 100 °D. The fat lines are the running 5-year means 
 

In agreement with the results from the analysis of Fig. 1, the evolution of HDD 

and CDD shows fairly clear tendencies: Despite some colder episodes as, for 

example, the noted in [13] 1965, there is general decrease of the HDD and increase 

of the CDD. It is worth to emphasize also that the inter-annual course of the HDD is 

somewhat anti-correlated with the inter-annual course of the CDD. This is reflection 

of the fact that generally warm years are characterized most frequently with low 

values of HDD and high CDD and vice versa. 

4.2. Trend analysis 

The magnitude of the trend is estimated by the Theil-Sen Estimator (TSE), which is 

preferably used in many geophysical and engineering branches as a superior 

alternative of the ordinary least squares [8]. The statistical significance is analysed 

with the Mann-Kendall (MK) test. As, like the TSE, the MK test is non-parametric, 

rank-based procedure has been applied, especially suitable for non-normally 

distributed data, data containing outliers and nonlinear trends [6]. Both methods are 

practically standard tools for trend analysis in the climatology. In the present study 

they are applied for every grid point time series individually. In the present work, as 

in many similar studies (e.g., [6, 9-12, 26]) the significance level is fixed at 5% (two-

tail test). 
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Fig. 3. Trend magnitude of the HDD and CDD in the first and second column respectively. The units 

are °D per 1 year. Stippling indicates grid points with changes that are not significant at the 5% 

significance level 
 

The most apparent result from the analysis of Fig. 3 is the markedly expressed 

negative trend for the HDD and positive trend for the CDD. The trends magnitude of 

the HDD is, in absolute terms and as a whole, bigger than the trend magnitude of the 

CDD. The trends of the both indices are practically everywhere statistically 

significant at the 5% and their patterns are consistent over the domain, i.e., there are 

no mixed trends for both indices. 

5. Conclusion 

Based on the availability of up to date dataset [12] based on the primary data from 

the FP7 UERRA project, we provide an overview of the spatial patterns in very high 

resolution and the long term temporal evolution on annual basis of the HDD and CDD 

over CSE Europe in the period 1961-2018. 
The study confirms the suitability of the considered dataset for index-based 

analysis of the near past and present climate in computationally feasible way as has 

been already shown in [13]. 
Although not fairly exhaustive, the study confirms the essential impact of the 

ongoing climate change on the heating, ventilating and air-conditioning industry over 

CSE Europe. Consistent with the long-term changes of the mean and extreme 

temperatures over the domain, documented in the most recent papers, the present 

study reveals strong evidences for the impact of the regional climate warming on the 

considered indices. As emphasized in [18], a decrease in the demand for public and 

domestic heating can significantly decrease overall energy use in Europe, but this 

gain can be offset in part or completely by an increase in cooling demand. 

Furthermore, heating is delivered to end users in different ways (individual boilers 

fuelled by oil, gas and coal, and electricity and district heating), whereas cooling is 
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supplied currently almost exclusively through electricity. As a result, a given change 

in cooling needs is generally associated with larger costs, a larger change in primary 

energy demand and larger impacts on the peak capacity of supply networks than the 

same change in heating requirements. 
The study could be extended and continued in many aspects. The logical next 

step is to accomplish the work assessing the future changes and trends based on 

(preferably regional) climate simulations. Hence, the temperatures in all CMIP5 

scenarios are projected to rise further, it is reasonable to expect additional decrease 

of the HDD and increase of CDD. Our preliminary computations with the regional 

climate model RegCM confirm this assumption. The study could also be extended 

backwards in time as far as possible in order to capture more general and robust 

trends. A necessary prerequisite for such task, however, is, as for many other efforts 

in the regional climatology, the (free) availability of reliable data with proper spatial 

coverage and spatial-temporal resolution. 
The data sets with the HDD and CDD, as well as the trend measures (TSE trend 

magnitude estimation and p-value from the MK test) are in standard form (GrADS 

binary/descriptor files) and could be supplied from the corresponding author upon 

request. 
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