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1.  Background 

This work is to construct an 
hourly analysis of surface air 
temperature (T2m) over the global 
land.  A conceptual model is 
developed by adjusting the hourly 
T2m generated by the NCEP 
operational global models against 
the observation-based CPC daily 
maximum (Tmax) and minimum 
(Tmin) surface air temperature. 

2.  Data and methodology 

2.1 Data 

Global elevation data used are 
the Climatic Research Unit (CRU, 
0.16o lat/lon) and Digital 
Elevation Model (DEM, 0.01o 

lat/lon) data sets.  The observed 
surface air temperatures are the 
Global Telecommunication 
System (GTS)-based CPC global 
analysis of daily Tmax and Tmin 
(2011−present, 0.16o lat/lon), and 
the Integrated Surface Database 
(ISD) station observations of 

Fig.1. Correlation coefficient, bias, and RMSE between the CPC Tmin and 
CFSR Tmin for 2012. 

Fig. 2. (a) Time series of the CPC Tmin and CFSR Tmin at a selected location (lon=249.25o, lat=35.08o) in the US for 
2012 and scatter plots between the CPC Tmin and CFSR Tmin (b) before adjustment and (c) after adjustment. 
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hourly air temperature.  Surface air temperatures from the NCEP CFS Reanalysis (CFSR, 2011−present, 
0.2045o lat/lon) and the GFS 6-12 hour forecasts (March, 2018−present, 0.117o lat/lon) are used to define the 
global hourly T2m for the retrospective production and real-time updates, respectively. 

2.2 Methodology 

The three-step adjustments include elevation correction, synoptic scale bias correction, and diurnal range 
adjustment.  The CFSR hourly T2m is adjusted on a monthly basis at target analysis grid of 0.16o lat/lon, and the 
GFS hourly T2m is real-time adjusted 6-hourly at target analysis grid of 0.05o lat/lon.  

First, the model T2m data are down-scaled from their native Gaussian grids to the target analysis grids, 
through the local empirical relationship between T2m and elevation. Elevation correction is applied based on the 
difference between the model 
elevation and real topography.  
For the synoptic scale bias 
correction, daily Tmax and Tmin are 
derived from the model hourly 
outputs.  Then daily means for 
both the CPC GTS analysis and 
the model T2m are calculated as the 
arithmetic mean of Tmax and Tmin.  
Synoptic scale bias is thus 
removed from the raw model 
hourly T2m as the difference 
between the 5-day running means 
from the CPC analysis and the 
model values. The third step is 
implemented to further adjust the 
magnitude of the diurnal cycle in 
the model hourly T2m after the 
removal of the synoptic scale bias.  
The magnitude of a diurnal cycle, 
defined as the difference between 
the daily Tmax and Tmin, is 
determined for each day for both 
the observations and the model 
T2m.  Ratio between the 
observation and model based 
diurnal amplitudes are calculated Fig.3. Same as Fig. 1, but for CPC Tmin and GFS Tmin from March 26 to June 

06, 2018. 

Fig. 4. Same as Fig. 2, but for (a) time series of CPC Tmin and GFS Tmin at a selected location (lon=55.5o, lat=38o) in 
Iran from March 26 to June 06, 2018 and scatter plots between the CPC Tmin and GFS Tmin (b) before adjustment 
and (c) after adjustment. 
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using data over the 5-day window and applied to correct the diurnal range of the model hourly T2m for the target 
date.  
3.  Results 

Figure 1 displays the correlation coefficient, bias, and root mean square error (RMSE) between the CPC 
Tmin and CFSR Tmin for 2012.  Results indicate significant improvements of the adjusted CFSR T2m globally.  
Figure 2 shows the time series of the CPC Tmin and CFSR Tmin at a selected location (lon=249.25o, lat=35.08o) 
in the US for 2012 and scatter plots between the CPC Tmin and CFSR Tmin before adjustment and after adjustment, 
respectively.  Both the bias and the RMSE are reduced after adjustment. Similar results are obtained for Tmax 
(not shown). 

Figure 3 is another example of the correlation coefficient, bias, and RMSE, but between the CPC Tmin and 
GFS Tmin from March 26 to June 06, 2018.  There are improvements of the GFS T2m after adjustment, 
particularly for the mean bias.  The time series of both the CPC Tmin and GFS Tmin at a selected location 
(lon=55.5o, lat=38o) in Iran from March 26 to June 06, 2018 are shown in Figure 4, together with the scatter 
plots between the CPC Tmin and GFS Tmin before adjustment and after adjustment, respectively.  Both the bias 
and RMSE are reduced after adjustment.  Results are similar for Tmax (not shown). 

Figure 5 presents the time series of the ISD and CFSR hourly T2m at a selected location (lon=288.92o, 
lat=48.25o) in Canada from March 23 to June 06, 2018.  The scatter plots between the ISD and CFSR T2m before 
and after the adjustment are also displayed, respectively.  Figure 6 is same as Figure 5, but for the ISD and GFS 
hourly T2m at a location (lon=357.62o, lat=53.37o) in UK.  Compared to the unadjusted data, both the bias and 
RMSE are reduced after the adjustment. 

4.  Conclusion 

Evaluation of the adjusted hourly T2m against independent observations of hourly surface air temperature 
(ISD station data) indicates improved quality of the adjusted CFSR/GFS T2m compared to the unadjusted fields.  

Fig. 5. (a) Time series of the ISD and CFSR hourly T2m at a selected location (lon=288.92o, lat=48.25o) in Canada, 
from March 23 to June 06, 2018 and scatter plots between the ISD and CFSR T2m (b) before adjustment and 
(c) after adjustment. 

Fig. 6.  Same as Fig. 5, but for the ISD and GFS hourly T2m at a location (lon=357.62o, lat=53.37o) in UK. 
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In general, the improvements in the CFSR hourly T2m are relatively larger than the GFS.  Possible reasons may 
be related to larger forecast error in the GFS model (e.g., phase shift between model and observations) and 
approximations made in calculating daily mean values for the GFS adjustment.  The global hourly T2m analysis 
has been done for an 8-year period starting from 2011 and an automatic system has been established on a CPC 
server to real-time update the analysis. 


