
Introduction. Assessing the anticipated climate variations and change on a regional scale is highly important. The primary tool for projecting climate is global climate models (GCMs), the output of which requires 

to be downscaled on a finer scale for the impact study, for which regional climate models (RCM) are used. The Coordinated Regional Climate Downscaling Experiment (CORDEX) program was established as the 

first activity of the Task Force on Regional Climate Downscaling established by the World Climate Research Program (WCRP) (https://www.wcrp-climate.org/modelling-wgcm-mip-catalogue/cmip6-endorsed-mips-

article/1052-modelling-cmip6-cordex).  There are a big number of simulations in Europe, the Mediterranean area, Africa and North America (CORDEX domains), with numerous RCMs, different resolutions and 

experiments. Several leading scientific institutes and communities are involved in the effort to develop regional climate and earth system science in the mentioned regions (Almazroui et al, 2016). 

This work is focused on the hindcast evaluation of precipitation patterns over the South Caucasus region, which is highly variable both in space and in time. Only CAS (Central Asia) and MENA (the Middle East 

and North Africa) - CORDEX domains overlap our target area. Several simulations became available in recent years in these domains, also some study results are presented in scientific papers focusing on 

different geographical areas inside of the domain (Ozturk et al, 2018). However even the main climate parameters – temperature and precipitation are not evaluated for the South Caucasus region (Davitashvili et 

al, 2020).

This study evaluates the 6 RCM simulations over the Georgia using Regional Climate Model Evaluation System (RCMES). We include in this research 2 RCMs’ (RegCM v 4.7.0 and WRF-ARW v3.9.1.1) 

simulations over the domain centered to Georgia performed by us and 6 simulations over MENA and CAS domains. Such a choice has resulted in the fact that the evolutionary simulations are available only for 

these models on ESGF (Earth System Grid Federation)-CORDEX archive. 

Data and Methods. In the study, we have used several data archives, most of which are available 

from the federative ESGF infrastructure, including the Coordinated Regional Climate Downscaling 

Experiment (CORDEX). We downloaded 7 CORDEX simulations over Central Asia (CAS) and the 

Middle East and North Africa (MENA) domains, covering South Caucasus territory. Two of our 

simulations with the same boundaries and with different configurations over the domain centered to the 

South Caucasus region and with the 15 km resolution from two RCMs - RegCM4 and WRF have also 

been evaluated (Fig.1).

For the reference data, we used global gridded observations - CRU 

(https://crudata.uea.ac.uk/cru/data/hrg/) and Tropical Rainfall Measuring Mission (TRMM) precipitation 

monthly data (https://disc.gsfc.nasa.gov/datasets/TRMM_3B43_7/summary).

All RCMs used in this study are hydrostatic atmospheric circulation models aimed to run over limited 

areas. The RCM names, responsible institutions for their simulations, resolutions, simulation periods 

and domains are presented in table 1.

This study evaluates the ability of several Regional Climate Models (RCMs) to simulate rainfall 

patterns in the South Caucasus region. In total, 8 RCM simulations were assessed against the CRU 

observational database over different domains, among them two from the CORDEX. Seasonal 

climatology, annual rainfall cycles and interannual variability in RCM outputs were estimated for 8 

homogeneous sub-regions against several observational datasets. Different metrics covering monthly 

and seasonal to annual time scales are analyzed over the region of interest. 

Statistical analisys was performed using RCMES (Regional Climate Model Evaluation System) 

package (https://rcmes.jpl.nasa.gov). RCMES is an enabling tool for NASA for evaluating climate 

models on regional and continental scales using observational datasets from a variety of sources. 

Different metrics have been used to represent the performance of climate models in simulating climatic 

conditions. Besides computing the mean bias (MBE) and root mean square error (RMSE), the degree 

of statistical similarity between two climatic fields was quantified in the form of normalized Taylor 

diagrams. The spatial distribution of mean precipitation and the annual cycle of mean monthly 

precipitation are also presented.
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Results and Discussion. The analysis focuses on how the model simulates surface climate (precipitation) in response to the large-scale forcing imposed by the ERA-Interim reanalysis and by local topographical 

features. The study presented here is performed over the interior domain to eliminate the buffer zone where the direct effect of the lateral boundary conditions is maximum.

Uncertainties in model evaluation originating from reference data are examined using two different (CRU & TRMM) reference datasets.

 All RCMs yield higher spatial correlations with the CRU than TRMM. The standardized deviations and RMSE are smaller in absolute values against CRU, but the same normalized metrics are closer to remote-

sensing data, forasmuch as the spatial variability of the TRMM is larger than in situ gridded data (CRU). So normalization by bigger quantities produces reduced differences between modeled and reference data 

(in this case TRMM) (Fig. 2).   

 Fig. 3 shows the spatial distribution of mean annual precipitation biases averaged over the entire period compared to the CRU and TRMM datasets. In all seasons (not shown) precipitation bias against CRU data 

mostly ranges between ±2.4 mm/day over the most of domain, except in summer, when the deviation increases up to ±3.2 mm/day. Differences between models and TRMM data range between ±2.0 mm/day in 

the cold period of the year (NDJFM - November to March) and for annual biases. During the warm period (AMJJASO - April to October) differences are higher (±2.4 mm/day). 

 Finally, including a longer comparison period, a better fit was obtained with CRU, although there are some systematically occurred features in the spatial distribution of these differences.

 The evaluation of models against two observation datasets demonstrates the spatial features of precipitation biases and bias pattern is comparable with the terrain profile.

 In this study, a multi-year evaluation of overland precipitation against the CRU dataset is carried out from 1990 to 2005. The most noticeable feature is the general moisture shift over the Greater and Lesser 

Caucasus (western part) mountains and dry bias in the Black Sea coastal area and adjacent Kolkheti lowlands (Fig. 3).

 All RCMs calculations except for the local simulations performed for the Caucasus region, seem to 

overestimate the precipitation over the high mountain regions and underestimate the low heights, resulting 

in the least deviated ENS results relative to observations in the ±1 mm/day range.

 Fig. 4 shows the time dependence of model deviations since precipitation offsets are not constant over time. 

They have a more or less clear annual cycle: there is one RCMs (MNA-RegCM4) with a constant negative 

precipitation bias through the entire year, for the other five models precipitation is mostly underestimated in 

summer (up to 3-4 mm/day), whilst overestimated to a varying extent in the rest of the year resulting 

ensemble simulations overall slightly positive bias. 

 Therefore, the seasonal variation in the magnitude of the bias in area-average precipitation means that the 

ENS simulation has a more extreme annual cycle than the annual cycle of the observations. 

 In the cold period (NDJFM), all regions of the study territory have a wet bias. This appears to be the largest 

over the western and central part of the Caucasus mountains. 

 A dry bias in area-mean precipitation is greatest during autumn and especially in summer. In these seasons, 

dry biases extend over entire low-elevation regions including the Greater Caucasus western part. This can 

be related to the simulation of cold-season snowpack in high-elevation regions and/or the lack of resolutions 

both in model simulations and the CRU data, suitable for representing the large orographic variations and 

associated variations in atmospheric precipitation in the mountainous region. 

 As for separate simulations, the poorest correlation was found for the WRF model integrated with the 

Caucasus domain. An overview of seasonal means approved that degree of matching with observation 

varies by region and depends on the season.
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Fig.1. Maps of annual mean maximal (a) and minimal (b) temperatures for 1961-1985 period, 

interpolated from observation of 90 Georgian meteorological network’s stations.

Fig.1. CORDEX 

Middle East and 

North Africa –

MENA (upper 

left) and Central 

Asia – CAS 

(lower left) 

domains; 

Caucasus 

domain – CAU 

(upper right); the 

study 

(Caucasus) 

domain (lower 

right): the 

numbered boxes 

with white 

boundaries 

indicate the eight 

sub-regions in 

which the area-

mean time series 

are evaluated.

Fig.3. Annual-mean surface precipitation mm) from the CRU (a) (left), and TRMM (a) analysis (right). The biases 

(mm) from the reference data for (b)–(j) the individual models and (k) the multi-model ensemble (ENS).

Fig. 4. Simulated and observed (CRU, thick red) precipitation annual cycle (mm) for eight sub-regions. The thin red 

line indicates the multi-model ensemble precipitation.
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Dataset/version Time Range Resolution Domain

Observation & reanalysis

CRUvTS 4.03 1901-2018 0.50 X 0.50 Global

TRMM 1/1998 - 6/2013 0.250 X 0.250 Tropics/Mid-latitudes

ERA-Interim 1979- to the near present 79 km Global

Climate models

ALARO-0 (RMIB-UGent) 1980-2017 0.220 X 0.220 CAS

REMO (HZG-GERICS) 1979-2017 0.220 X 0.220 CAS

RegCM v 4-3 (BOUN) 1979-2005 0.440 X 0.440 CAS

HadRM3P (MOHC) 1990-2011 0.440 X 0.440 CAS

RCA4 (SMHI) 1980-2010 0.220 X 0.220 MENA

RCA4 (SMHI) 1980-2010 0.440 X 0.440 MENA

RegCM v 4 (BOUN) 1980-2010 0.440 X 0.440 MENA

RegCM v 4.7.0 1985-2015 0.150 X 0.150 CAU

WRF-ARWv3.9.1.1 1985-2015 0.150 X 0.150 CAU

Table 1. 

Summary of data 

used in the study

Conclusions. According to the findings reported in the present work, the following considerations can be made: (i) there is not a single model outperforming the other ones in all aspects, but it is also important 

to note that all models have their strengths and weaknesses; (ii) higher resolution simulations may more adequately resolve over-land precipitation variations in the region; (iii) but due to the amplification of 

biases or the increased internal variability on small scales induced by strong local surface heterogeneities within the regional domain, higher resolution simulations not necessarily reduce the uncertainties; (iv) 

domain of model integration might have a significant impact; (v) model performances are also influenced by observational uncertainties and (vi) it is fundamental to test whether an RCMs can reproduce the 

mean climatology and temporal variability over a region using finer scale observations from different sources.
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