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Outputs of General Circulation Models (GCMs) for precipitation 
are compared with time series produced from observations. 
Comparison is made on global and hemispheric spatial scale and 
on annual time scale. Various time periods are examined, 
distinguishing periods before and after publishing of model 
outputs. Historical climate time series are compared with the 
outputs of GCMs for the 20th century and those for the A1B, B1 
and A2 emission scenarios for the 21st century. Several indices are 
examined, i.e. the estimated means, variances, Hurst parameters, 
cross-correlations etc. 
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1. Abstract 



2. Introduction 
• Precipitation data at the annual time scale are compared to output of GCMs for the 

20C3M, A1B, B1, A2 scenarios (Hegerl et al. 2003; IPCC 2000; IPCC 2007; IPCC-
TGCIA 1999; Leggett et al. 1992). 

• We examine: 

• land and land combined with sea regions; 

• the Southern, the Northern Hemisphere and the globe. 

• The precipitation data sets are the GPCP Version 2.2 (Adler et al. 2003), the CRU 
TS3.10 .01 (Harris et al. 2013) and the GPCC Version 6.0 (Schneider et al. 2011). 

• The GCM outputs for the IPCC Fourth Assessment Report (AR4) (IPCC 2007) are 
used for the comparison. 

• Data and their integration on the above regions were obtained from the KNMI 
Climate Explorer web site (climexp.knmi.nl). 

• The Hurst parameter, the standard deviation, the linear trend and the cross-
correlation for corresponding time periods are estimated and compared. 

• Previous similar studies have been performed for smaller regions e.g. 
Anagnostopoulos et al. (2010), Koutsoyiannis et al. (2008). It was shown that the 
GCMs for the 20C3M scenario failed to reproduce the past climate. 

• Here almost 10 years after the preparation of the AR4, the predictions of the A1B, B1, 
A2 scenarios are compared to the obtained data sets in addition to the comparison 
with the 20C3M scenario. 



3. 20C3M scenario for the land and sea regions 

Northern hemisphere 

Globe 

Southern hemisphere 

The Figures represent the 
annual precipitation rate 
per year. Notice the 
difference between the 
observed data (GPCP data 
set) and the GCM in terms 
of their means and 
standard deviations. 



4. 20C3M scenario for the land regions 

Northern hemisphere 

Globe 

Southern hemisphere 

The Figures represent the 
annual precipitation rate 
per year. Notice the 
difference between the 
observed data (CRU and 
GPCC data set) and the 
GCM in terms of their 
means and standard 
deviations. Notice also the 
difference in the means of 
CRU and GPCC data sets. 



5. A1B scenario for the land and sea regions 

Globe 

Northern hemisphere 

Southern hemisphere 

The Figures represent the 
annual precipitation rate 
per year. Notice the 
difference between the 
observed data (GPCP data 
set) and the GCM in terms 
of their means and 
standard deviations. 
Notice also that the GCMs 
predicted increase of the 
precipitation, which has 
not been verified by the 
data. 



6. A1B scenario for the land regions 

Northern hemisphere 

Globe 

Southern hemisphere 

The Figures represent the 
annual precipitation rate 
per year. Notice the 
difference between the 
observed data (CRU and 
GPCC data sets) and the 
GCM in terms of their 
means and standard 
deviations. Notice also 
that the GCMs predicted 
increase of the 
precipitation, which has 
not been verified by the 
data except in GPCC data 
for the Northern 
Hemisphere. 



7. Hurst parameter comparison 

Green lines indicate 
differences between 
Hurst parameter 
estimates up to 0.2. 
Almost half of the 
models are out of this 
range. 



8. Standard deviation estimate comparison 

Green lines indicate 
differences between 
standard deviations 
estimates up to 10 
mm/year. Almost 75% 
of the models are out of 
this range. Estimated 
standard deviations of 
models tend to be 
smaller. 



9. Linear trend comparison 

Green lines indicate 
differences between 
linear trend estimates 
up to 4 mm/year2. The 
20C3M scenario 
succeeded in 
representing the 
observed data, in which 
the trend is virtually 0. 
However almost 50% of 
the models for the A1B, 
B1, A2 scenarios are out 
of this range. 



10. Cross-correlation estimate comparison 

Cross-correlations for 
lag-zero estimates 
histograms between 
the annual values of 
the observed data 
sets and the outputs 
of GCMs. The cross-
correlations for the 
20C3M are 
concentrated around 
zero, whereas for the 
other models they are 
uniformly distributed 
in the whole domain. 



11. Conclusions 
• The GCMS do not reproduce: 

– the mean, 

– the standard deviation, 

– the Hurst parameter, and 

– the linear trend  

of the observed precipitation. 

• The GCMS do not correlate adequately with the observed precipitation. 

• Furthermore, there are discrepancies among the different data sets of 
global and hemispheric precipitation. In particular the estimated 
statistical parameters of the CRU and GPCC data sets (observed 
precipitation) have differences at the annual time scale. However, they 
correlate adequately as shown in the table below. 

Southern hemisphere Northern hemisphere Global 

CRU GPCC CRU GPCC CRU GPCC 

Hurst parameter 0.75 0.53 0.76 0.56 0.83 0.61 

Standard deviation (mm/year) 47.09 58.39 16.21 23.34 20.21 22.99 

Linear trend (mm/year2) 0.39 0.12 0.12 0.22 0.21 0.19 

Cross-correlation 0.84 0.67 0.78 



12. References 
Adler RF, Huffman GJ, Chang A, Ferraro R, Xie PP, Janowiak J, Rudolf B, Schneider U, Curtis S, Bolvin D, Gruber A, Susskind J, 
Arkin P (2003) The Version 2 Global Precipitation Climatology Project (GPCP) Monthly Precipitation Analysis (1979-Present). Journal 
of Hydrometeorology 4(6):1147-1167. doi:10.1175/1525-7541(2003)004<1147:TVGPCP>2.0.CO;2 

Anagnostopoulos GG, Koutsoyiannis D, Christofides A, Efstratiadis A, Mamassis N (2010) A comparison of local and aggregated 
climate model outputs with observed data. Hydrological Sciences Journal 55(7):1094-1110. doi:10.1080/02626667.2010.513518 

Harris I, Jones PD, Osborn TJ, Lister DH (2013) Updated high-resolution grids of monthly climatic observations – the CRU TS3.10 
Dataset. International Journal of Climatology 34(3):623-642. doi:10.1002/joc.3711 

Hegerl GC, Meehl G, Covey C, Latif M, McAvaney B, Stouffer R (2003) 20C3M: CMIP collecting data from 20th century coupled 
model simulations. CLIVAR Exchanges 26 8(1) 

IPCC (2000) Special Report on Emissions Scenarios. Nakicenovic N, Swart RJ (eds). Cambridge University Press, Cambridge, United 
Kingdom 

IPCC (2007) Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change. Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt KB, Tingor M, Miller 
HL (eds). Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA 

IPCC-TGCIA (1999) Guidelines on the use of scenario data for climate impact and adaptation assessment. Carter TR, Hulme M, Lal 
M (prepared by). Intergovernmental Panel on Climate Change, Task Group on Scenarios For Climate Impact Assessment 

Koutsoyiannis D, Efstratiadis A, Mamassis N, Christofides A (2008) On the credibility of climate predictions. Hydrological Sciences 
Journal 53(4):671-684. doi:10.1623/hysj.53.4.671 

Leggett J, Pepper WJ, Swart RJ (1992) Emissions scenarios for the IPCC: an update. In Houghton TJ, Berger JO, Callander BA, Varney 
SK (eds) Climate Change 1992: The Supplementary Report to the IPCC Scientific Assessment. Cambridge University Press, 
Cambridge, UK, pp 69-95 

Schneider U, Becker A, Finger P, Meyer-Christoffer A, Rudolf B, Ziese M (2011) GPCC Full Data Reanalysis Version 6.0 at 0.5°: 
Monthly Land-Surface Precipitation from Rain-Gauges built on GTS-based and Historic Data. 
doi:10.5676/DWD_GPCC/FD_M_V6_050 

 


