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Abstract: This study assesses the accuracy of estimates of FAO Penman-Monteith daily grass reference evapotranspiration (PM-
ETo) using ERA-Interim reanalysis products with 0.75ox0.75o spatial resolution. PM-ETo requires daily maximum and 
minimum air temperature, net radiation or sunshine duration, relative air humidity or dew point temperature, and wind 
speed data. For that, local ETo estimates from 1979-2013 over 37 weather stations distributed across Continental 
Portugal were compared with those issued from the nearest reanalysis grid-point to each station. Accuracy was 
assessed using several statistical indicators. Results show that the PM-ETo computed with raw reanalysis data clearly 
underestimates (regression slope b0≤1.05) with RMSE exceeding 1.0 mm day-1 in nearly 30% of cases, but with EF 
generally above 0.50. Using a monthly bias correction improved the performance of estimates, with b0 usually close to 
1.00, RMSE rarely exceeding 0.80 mm day-1, and EF generally above 0.80. These results show that when full local 
data sets are not available, the PM-ETo may accurately be computed using daily reanalysis products, thus keeping the 
ability for the understanding of the physics processes. 
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1. INTRODUCTION  

Reference crop evapotranspiration (ETo) is a key variable in both atmospheric and terrestrial 
branches of the hydrological cycle and plays a major role for agricultural and irrigation water 
management (Allen et al., 1998).  

The FAO Penman-Monteith equation (PM-ETo) results from the parameterization of the 
Penman-Monteith equation (Monteith, 1965) for a cool season grass when assuming a crop height 
of 12 cm, a surface resistance of 70 sm-1, and an albedo of 0.23 (Allen et al., 1998). The PM-ETo 
equation was developed to overcome the problems inherent to the existence of numerous 
methods/equations that compute ET without defining the reference surface, thus to adopt a common 
definition of reference ETo (Pereira et al., 2015). The PM-ETo equation requires maximum and 
minimum air temperature (Tmax and Tmin, oC), solar radiation (Rs, MJ m2 day-1) or sunshine duration 
(n), air relative humidity (RH, %) and wind speed at 2 m height (u2, m s-1). Both Tmax and Tmin 
records are available for a good network of stations in most countries, but other variables are often 
not available or are incomplete. The lack of complete records hampers the computation of PM-ETo 
for many locations where the knowledge of ETo is relevant for agricultural and environmental water 
management.  

The variables required for ETo estimation may be obtained from global atmospheric reanalysis 
datasets. The main advantages of reanalysis products are their spatial and temporal consistency over 
3 or more decades and free access (Sheffield et al., 2006). Limitations are the coarse spatial 
resolution of the reanalysis products and the fact that their reliability vary with the climatic variable, 
locations and time scale. Reanalysis products have been successfully used to assess ETo at various 
space and time scales (Srivastava et al., 2013; Martins et al., 2016) though it calls for downscaling 
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methods on a local-daily basis (Srivastava et al., 2013). Differently, when daily or monthly time scales 
are used, e.g., using a blended product combining the NCEP/NCAR reanalysis with observation-based 
datasets (Sheffield et al., 2006) the downscaling is not required as described by Martins et al. (2016).  

Aiming at irrigation and water management applications, the objectives of the present study 
were: 1) to assess the performance of the ERA-Interim reanalysis products (Dee et al., 2011) in 
generating the variables used to compute daily PM-ETo compared with observations in 37 weather 
stations in Continental Portugal; 2) to assess the quality of ETo computed with reanalysis products 
(ETo-REAN) comparatively to PM-ETo computed with observations (ETo-OBS); and 3) to use 
observations for bias correction of the ETo computed with reanalysis and to assessing the respective 
accuracy. 

2. MATERIALS AND METHODS  

2.1 Data 

Data from the ERA-Interim (Dee et al., 2011) near-surface global reanalysis dataset was used in 
this study to estimate PM-ETo for Continental Portugal. This dataset spans from 1979-present on a 
0.75ox0.75o lat-long grid and is available at http://www.ecmwf.int/en/research/climate-
reanalysis/era-interim. Daily data retrieved included Tmax and Tmin (K), wind speed at 10 m height 
(u10, m s-1), and Rs (W m-2). u10 was adjusted for 2 m (u2) using a logarithmic wind speed profile 
(Allen et al., 1998). Actual vapour pressure values were estimated using daily data of air 
temperature and dew point temperature (K). The values of ETo-REAN were computed by using data 
from the nearest reanalysis grid-point of each of the 37 weather stations used in the validation 
(Fig. 1), from which 27 belong to the Instituto Português do Mar e da Atmosfera (IPMA) network 
and 10 come from the Centro Operativo e de Tecnologia de Regadio. Fig. 1 also presents the 
time-series interval and the number of days of full observed data availability.  

2.2 Reference evapotranspiration estimation 

The PM-ETo equation describes evapotranspiration of a hypothetical grass crop actively growing 
and adequately watered with height of 0.12 m, a surface resistance of 70 s m-1 and an albedo of 0.23 
(Allen et al., 1998). At a daily time scale, ETo (mm day-1) is: 

 (1) 

where Rn is net radiation at the crop surface (MJ m-2 day-1), G is soil heat flux density (MJ m-2 day-1), 
Tmean is mean daily air temperature at 2 m height (°C), u2 is wind speed at 2 m height (m s-1), es is 
saturation vapour pressure (kPa), ea is actual vapour pressure (kPa), es-ea is vapour pressure deficit 
(kPa), Δ is the slope of vapor pressure curve (kPa °C-1), γ is the psychrometric constant (kPa °C-1). Daily 
G is assumed zero (Allen et al., 1998). In this study, es was computed as the average of the saturation 
vapour pressure at Tmax and Tmin, eo(Tmax) and eo(Tmin). For most stations, ea was estimated 
averaging the products eo(Tmax) RHmin and of eo(Tmin) RHmax, i.e., using maximum and minimum 
daily relative humidity; otherwise, ea was estimated with the average values of eo(Tmax) and eo(Tmin) 
multiplied by the mean daily relative humidity. Rn was obtained from Rs for all stations but one 
where it was computed from the daily solar duration (n) using the Angström radiation equation.  

2.3 Statistical assessment and bias correction of ETo computed from reanalysis 

Several statistical indicators were used to assess the performance of the reanalysis datasets in 

ETo =
0.408 ∆ (Rn − G) + γ 900

Tmean + 273 u2(es − ea)

∆ + γ (1 + 0.34 u2)  
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representing the amplitude and time variation of climate variables and of ETo. The assessment 
compared the observations Oi with corresponding reanalysis values Pi using the following statistical 
indicators: i) the coefficient of determination (R2); ii) the regression coefficient (b0) of a linear 
regression forced to the origin (FTO); iii) the Root Mean Square Error (RMSE); iv) the normalized 
RMSE (NRMSE) by the mean of observations; v) the Percent Bias (PBIAS) representing the ratio 
between reanalysis bias and mean observations, that measures the average tendency of the 
reanalysis data to be larger or smaller than corresponding observations; and vi) the efficiency of 
modelling, EF, (Nash and Sutcliff, 1970) that measures the relative magnitude of the mean square 
error (MSE=RMSE2) and the observed data variance (Legates and McCabe Jr., 1999). A thorough 
description of these indicators is provided by Martins et al. (2016). 

 

 

 
Weather stations locations 

 
Data range  

 
Number of 
observations 

Aljustrel 2001-2013 4174 
Alvalade 2001-2013 4189 
Alvega 2003-2013 2741 
Anadia 2003-2013 2919 
Aveiro 2003-2013 3394 
Beja 2002-2013 3912 
Braga 2003-2013 2339 
Bragança 2003-2013 3637 
Castelo Branco 2003-2013 3662 
Castro Verde 2007-2013 2004 
Coimbra 1998-2013 5557 
Elvas 1979-2000 7529 
Estremoz 2006-2013 2511 
Évora 1979-2013 12082 
Faro 2003-2013 3752 
Ferreira do Alentejo 2001-2013 4127 
Guarda 2003-2013 3455 
Leiria 2003-2013 1665 
Lisboa 2003-2013 3831 
Mértola 2003-2013 2481 
Miranda do Douro 2009-2013 1578 
Mirandela 2003-2013 3240 
Montalegre 2003-2013 3107 
Moura 2001-2013 3721 
Odemira 2002-2013 3852 
Penhas Douradas 2003-2013 3233 
Ponte de Lima 2000-2009 2319 
Portalegre 2003-2013 3847 
Portimão 2003-2013 2572 
Porto 2003-2013 3627 
Redondo 2001-2013 4121 
Santarém 2003-2013 3562 
Serpa 2006-2013 2327 
Setúbal 2003-2013 3134 
Sines 2003-2013 3866 
Vidigueira 2003-2013 1889 
Vila Real 1998-2013 3869 

Figure 1. Spatial distribution of the reanalysis grid points (at each 0.75°) and the 37 weather stations in Continental 
Portugal, including the range of data of the climatic data series and number of observation days with full data sets. 

The applied ETo bias correction at every day t writes as: , where  
b=  is the difference between the mean values of ETo-REAN and ETo-OBS on the month 
of day t, estimated from all available years. This approach for bias correction aims at being used for 
real time irrigation scheduling. 

3. RESULTS AND DISCUSSION 

3.1 Assessing the reanalysis variables 

The referred statistical indicators were used to compare all variables used in the PM-ETo 

ETo_REAN  1	(t)	=	ETo_REAN	(t)	–b	
ETo_%%%%%%REAN-ETo _%%%%%%OBS	
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equation (Eq. 1) obtained by reanalysis or from observations at each of 37 stations (Fig. 1). Table 1 
shows the frequency distributions (%) of the statistical indicators in each class for all the weather 
variables. To facilitate comparisons across different variables, NRMSE was used (Table 1) instead 
of RMSE.  

 
Table 1. Frequency (%) distributions of the performance indicators for, maximum temperature (Tmax) and minimum 
temperature (Tmin), shortwave radiation (Rs), actual vapour pressure (ea) and wind speed (u2) when comparing raw 

reanalysis products with observed values 

 Intervals  
of R2 (%) Intervals  

of b0 
(%) Intervals  

of PBIAS (%) (%) Intervals  
of NRMSE (%) Intervals of  

EF (%) 

Tmax ]0.95, 1.00] 5.4 ]1.30, [ 0.0 ],-20.0] 35.1 ]0.50, 1.00] 0.0 ] , 0.00] 13.5 
 ]0.90, 0.95] 35.1 ]1.15, 1.30] 0.0 ]-20.0, -10.0]  32.4 ]0.30, 0.50] 18.9 ]0.00, 0.50] 32.4 
 ]0.80, 0.90] 43.2 ]1.05, 1.15] 0.0 ]-10.0, -2.5] 18.9 ]0.20, 0.30] 45.9 ]0.50, 0.70] 24.3 
 ]0.70, 0.80] 13.5 ]0.95, 1.05] 16.2 ]-2.5, 2.5] 0.0 ]0.15, 0.20] 21.6 ]0.70, 0.80] 10.8 
 ]0.60, 0.70] 2.7 ]0.85, 0.95] 27.0 ]2.5, 10.0] 10.8 ]0.10, 0.15] 13.5 ]0.80, 0.90] 16.2 
 ]0.50, 0.60] 0.0 ]0.70 ,0.85] 43.2 ]10.0, 20.0] 2.7 ]0.05, 0.10] 0.0 ]0.90, 0.95] 2.7 
 [0.00, 0.50] 0.0 ], 0.70] 13.5 ]20.0, [  [0.00, 0.05] 0.0 ]0.95, 1.00] 0.0 
Tmin ]0.95, 1.00] 0.0 ]1.30, [ 37.8 ],-20.0] 0.0 ]0.50, 1.00] 37.8 ] , 0.00] 27.0 
 ]0.90, 0.95] 5.4 ]1.15, 1.30] 35.1 ]-20.0, -10.0]  0.0 ]0.30, 0.50] 40.5 ]0.00, 0.50] 40.5 
 ]0.80, 0.90] 51.4 ]1.05, 1.15] 13.5 ]-10.0, -2.5] 5.4 ]0.20, 0.30] 16.2 ]0.50, 0.70] 18.9 
 ]0.70, 0.80] 37.8 ]0.95, 1.05] 13.5 ]-2.5, 2.5] 5.4 ]0.15, 0.20] 0.0 ]0.70, 0.80] 5.4 
 ]0.60, 0.70] 5.4 ]0.85, 0.95] 0.0 ]2.5, 10.0] 5.4 ]0.10, 0.15] 2.7 ]0.80, 0.90] 5.4 
 ]0.50, 0.60] 0.0 ]0.70 ,0.85] 0.0 ]10.0, 20.0] 73.0 ]0.05, 0.10] 2.7 ]0.90, 0.95] 2.7 
 [0.00, 0.50] 0.0 ], 0.70] 0.0 ]20.0, [ 10.8 [0.00, 0.05] 0.0 ]0.95, 1.00] 0 
Rs ]0.95, 1.00] 0.0 ]1.30, [ 0.0 ],-20.0] 0.0 ]0.50, 1.00] 0.0 ] , 0.00] 0 
 ]0.90, 0.95] 0.0 ]1.15, 1.30] 0.0 ]-20.0, -10.0]  0.0 ]0.30, 0.50] 13.5 ]0.00, 0.50] 0 
 ]0.80, 0.90] 64.9 ]1.05, 1.15] 43.2 ]-10.0, -2.5] 5.4 ]0.20, 0.30] 64.9 ]0.50, 0.70] 21.6 
 ]0.70, 0.80] 32.4 ]0.95, 1.05] 54.1 ]-2.5, 2.5] 18.9 ]0.15, 0.20] 21.6 ]0.70, 0.80] 27.0 
 ]0.60, 0.70] 2.7 ]0.85, 0.95] 2.7 ]2.5, 10.0] 2.7 ]0.10, 0.15] 0.0 ]0.80, 0.90] 51.4 
 ]0.50, 0.60] 0.0 ]0.70 ,0.85] 0.0 ]10.0, 20.0] 24.3 ]0.05, 0.10] 0.0 ]0.90, 0.95] 0.0 
 [0.00, 0.50] 0.0 ], 0.70] 0.0 ]20.0, [ 48.6 [0.00, 0.05] 0.0 ]0.95, 1.00] 0.0 
ea ]0.95, 1.00] 0.0 ]1.30, [ 2.7 ],-20.0] 18.9 ]0.50, 1.00] 2.7 ] , 0.00] 16.2 
 ]0.90, 0.95] 0.0 ]1.15, 1.30] 10.8 ]-20.0, -10.0]  27.0 ]0.30, 0.50] 13.5 ]0.00, 0.50] 35.1 
 ]0.80, 0.90] 32.4 ]1.05, 1.15] 8.1 ]-10.0, -2.5] 10.8 ]0.20, 0.30] 37.8 ]0.50, 0.70] 24.3 
 ]0.70, 0.80] 35.1 ]0.95, 1.05] 21.6 ]-2.5, 2.5] 8.1 ]0.15, 0.20] 27.0 ]0.70, 0.80] 8.1 
 ]0.60, 0.70] 21.6 ]0.85, 0.95] 21.6 ]2.5, 10.0] 10.8 ]0.10, 0.15] 18.9 ]0.80, 0.90] 16.2 
 ]0.50, 0.60] 10.8 ]0.70 ,0.85] 29.7 ]10.0, 20.0] 8.1 ]0.05, 0.10] 0.0 ]0.90, 0.95] 0.0 
 [0.00, 0.50] 0.0 ], 0.70] 5.4 ]20.0, [ 16.2 [0.00, 0.05] 0.0 ]0.95, 1.00] 0.0 
u2 ]0.95, 1.00] 0.0 ]1.30, [ 32.4 ],-20.0] 16.2 ]0.50, 1.00] 59.5 ] , 0.00] 78.4 
 ]0.90, 0.95] 0.0 ]1.15, 1.30] 5.4 ]-20.0, -10.0]  8.1 ]0.30, 0.50] 37.8 ]0.00, 0.50] 21.6 
 ]0.80, 0.90] 0.0 ]1.05, 1.15] 8.1 ]-10.0, -2.5] 5.4 ]0.20, 0.30] 2.7 ]0.50, 0.70] 0.0 
 ]0.70, 0.80] 0.0 ]0.95, 1.05] 18.9 ]-2.5, 2.5] 13.5 ]0.15, 0.20] 0.0 ]0.70, 0.80] 0.0 
 ]0.60, 0.70] 8.1 ]0.85, 0.95] 10.8 ]2.5, 10.0] 0.0 ]0.10, 0.15] 0.0 ]0.80, 0.90] 0.0 
 ]0.50, 0.60] 16.2 ]0.70 ,0.85] 16.2 ]10.0, 20.0] 8.1 ]0.05, 0.10] 0.0 ]0.90, 0.95] 0.0 
 [0.00, 0.50] 75.7 ], 0.70] 8.1 ]20.0, [ 10.8 [0.00, 0.05] 0.0 ]0.95, 1.00] 0.0 
R2 is the coefficient of determination of the OLS regression; b0 is the regression coefficient of the FTO; PBIAS is the Percent Bias; NRMSE is the 
Normalized Root Mean Square Error; EF is the efficiency of modelling 

Results show that the reanalysis-based values were generally not close to the observations, 
except for Rs. Reanalysis Tmax (Tmax-REAN) clearly tended to under-estimate with an FTO slope 
b0≤0.95 in 83.7% of stations with R2>0.80. Only 2.7% of the stations have R2≤0.70. The estimation 
bias (PBIAS) was small in 29.7% of cases, with PBIAS in the range of -10 to +10%; however, an 
underestimation bias greater than -20% was observed for 35.1%. The magnitude of the estimation 
error was generally high, with NRMSE>0.20 in 64.8% of cases. Only 29.7% of stations had 
EF>0.70, with negative EF values in 13.5% of cases. Results for Tmin-REAN (Table 1) show R2>0.80 
in most cases (56.8%) with only 5.4% of stations having R2<0.70; thus, Tmin-REAN reasonably 
reflects the time variability of Tmin-OBS. Tmin-REAN tends to over-estimate, with b0>1.15 in most cases; 
in 13.5% of stations there is no tendency to under- or over-estimation. High positive bias of 
estimation (PBIAS≥10%) was observed in 83.8% of cases. The magnitude of the estimation error is 
quite high, with NRMSE>0.30 in 78.3% of stations, and NRMSE<0.10 in 2.7% of cases. The EF 
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results were relatively poor with EF<0.50 in 67.5% of cases and EF>0.70 in 13.5% of cases. 
Results for Tmin-REAN in the present study compare in terms of over-estimation and NRMSE, with 

those reported by Martins et al. (2016) using monthly blended NCEP/NCAR reanalysis for 
Portugal. Simmons et al. (2010) also reported an over-estimation tendency for Tmin using monthly 
ERA Interim. Martins et al. (2016) found no tendency for over or under-estimation of Tmax but a 
slightly worse NRMSE relative to the present study.  

Rs is arguably the variable from the reanalysis data set that best agrees with observations (Table 1).	
R2 were generally good with only 2.5% of cases having R2<0.60. These results suggest that Rs-REAN 
reflect the time variability of the observed Rs in the majority of locations. Furthermore, b0 is generally 
close to 1.0, with 55% of values within the interval 0.95-1.05 and 42.5% in the interval 1.05-1.15. 
Estimation bias was small with 72.5% of cases having a PBIAS ranging from -10 to +10% (Table 
1), with only 5% of cases having PBIAS>20%. NRMSE was generally >0.20 in most cases. EF was 
generally higher than 0.70 in most stations, with most values greater than 0.80. These results 
suggest that Rs-OBS were well estimated by Rs-REAN. Similar good results for Rs were reported for 
Portugal by Martins et al. (2016).  

The ea-REAN results (Table 1) indicate under-estimation, with b0≤0.95 in 56.7% of cases. Most 
locations present R2 ranging 0.70-0.90, with <11% of cases having R2<0.60. The estimation bias 
ranged -10.0 to +10.0% in 35.1% of cases; the next most frequent interval for PBIAS, representing 
27%, was -10% to -20%, so indicating under-estimation. The magnitude of estimation errors was 
good, with NRMSE<0.20 in 45.9% of cases. Good to acceptable EF results (EF>0.50) were found 
in 48.6% of cases; however, negative EF values were observed in 16.2% of cases. Few studies are 
available relative to ea from reanalysis but most of them show an under-estimation trend (Simmons 
et al. 2010). Martins et al. (2016) reported no tendency for over- or under-estimation of RH when 
using the blended NCEP/NCAR reanalysis products for Portugal.  

Results in Table 1 relative u2-REAN show a very high dispersion of values, with R2<0.50 in most 
cases. The slope b0 generally deviates from 1.0, with a considerable over-estimation (b0>1.30) in 
32.4% of cases. u2-REAN had small estimation bias only in 29.7% of cases. Errors of estimation were 
very large, with NMRSE>0.5 in most cases. Apparently, there was no gain in using u2-REAN since 
EF was generally negative. The results of the present study relative to the low accuracy of u2-REAN 
are in agreement with the results reported for the Iberian Peninsula by Lorente-Plazas et al. (2015) 
and Martins et al. (2016).  

3.2 Evaluating ETo estimates using reanalysis products 

Although most variables used to compute PM-ETo are not well estimated from reanalysis 
products, the performance of ETo computed with these reanalysis variables relative to ETo-OBS is 
generally good when assessed separately. Figure 2 presents the spatial distribution of the statistical 
indicators used to compare ETo-REAN, before and after bias correction, with ETo-OBS. As can be seen, 
ETo-OBS is acceptably estimated with raw reanalysis variables (Fig. 2a) for most locations but with 
high spatial variability of results across Portugal. Fig. 2a shows that high R2 values (R2>0.80), 
covered the country well. These results show a strong relationship between Oi and Pi, which means 
that the time variability of ETo-OBS is well represented by ETo-REAN; only one case in the northwest 
presents R2≤0.70.  

ETo-REAN presents no tendency to under or over-estimate ETo-OBS in 12 locations, mostly located 
inland; however, a clear tendency to over-estimate occurred in 9 locations in coastal northwest and 
southeast regions (Fig. 2a). This is most likely due to the overestimation of Tmin, Rs and u2 in those 
locations. Most locations, nearly 60%, present an acceptable PBIAS, within the range -10% to 
+10%. RMSE is smaller than 0.75 mm day-1 in 46% of the stations. A large RMSE (>1.0 mm day-1) 
occurred in 11 inland locations and the total average RMSE is 0.85 mm day-1. EF results follow a 
spatial distribution similar to the bias indicators, with EF values >0.50. Thus, EF results indicate 
that the mean square errors were smaller or much smaller than the ETo-OBS variance.  
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Figure 2. Spatial distribution of the statistical indicators measuring the performance of ETo estimation using 
(a) raw reanalysis data and (b) after bias correction  

The above described bias correction applied to ETo-REAN lead to more accurate estimates of ETo 
estimations (Fig. 2b) aiming at operational irrigation management. However, this approach is only 
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possible when observations are available or a previous bias correction has been estimated 
regionally. Results show a general improvement of all statistical indicators namely in terms of 
RMSE, which average decreased from 0.85 to 0.68 mm day-1 after bias correction. The EF values 
greatly improved, averaging 0.87, so indicating that MSE were much smaller than the variance of 
ETo-OBS.  

A similar scheme of variance correction was also tested by multiplying the reanalysis results by 
the ratio Rσ=σOBS /σREAN between standard deviations of observations (σOBS) and reanalysis (σREAN) 
for the same month, over all the years studied. However, this often produced physically impossible 
values due to an issue that deserves to be highlighted: in many stations, the variability of reanalysis 
results was considerably different from that of observed results. For example, in 18% of station-
months combinations Rσ>1.50 for both Tmax and Tmin, i.e., observed daily variability exceeded the 
variability of reanalysis estimates by over 50%. For Rs, 22% of station-months exceeded the same 
ratio threshold of 1.50. For wind-speed, in 14% of station-months Rσ>1.50, whereas in 3% 
Rσ<0.50. Despite the results, the scheme may be promising after some modifications. 

Results for daily ETo-REAN are coherent with monthly ETo-REAN obtained by Martins et al. (2016) 
with blended reanalysis, with locations where no tendency for under- or over-estimation of ETo are 
the same in both studies. A similar spatial pattern of RMSE was observed in both studies, but that 
by Martins et al. (2016) presented lower RMSE values likely due to the lower variance of monthly 
ETo-OBS. Other studies relative to using reanalysis products for ETo computations refer to much 
smaller spatial and time scales than those in the current study (Ishak et al., 2010; Srivastava et al., 
2013) and results are not comparable with those above. In a previous study of selected weather 
stations in Portugal, using temperature only to compute ETo, Paredes and Rodrigues (2010) found 
RMSE varying from 0.47 to 0.87 mm day-1, while in the current study RMSE of raw ETo-REAN ranged 
from 0.60 to 1.05 mm day-1 while bias corrected ETo-REAN varied from 0.64 to 0.84 mm day-1 for the 
same locations, thus indicating a good accuracy of the ERA-Interim reanalysis products for ETo 
computations.  

4. CONCLUSIONS 

The accurate computation of PM-ETo is essential for irrigation and water resources management, 
namely when considering climate change effects. In view of this, the present study assessed the potential 
of the daily ERA-Interim reanalysis products in reproducing the spatial and temporal variability of the 
climatic variables used to compute PM-ETo across Portugal. Results suggest that Tmax-REAN and 
Tmin-REAN highly correlate with observations but with a clear tendency for under-estimation of Tmax and 
over-estimation of Tmin. The Rs-REAN revealed good agreement with observations at almost all stations. 
ea-REAN and u2-REAN represented less well ea-REAN and u2-REAN and their variability. Despite these 
limitations, the high values of R2 and EF indicate that ETo-REAN adequately explain ETo-OBS variability. 
The use of bias correction improved the performance of ETo-REAN  

Results show that ETo-REAN consist of a fair alternative when weather observations are lacking. 
However, the use of daily reanalysis data should be performed with caution. Based on the current 
study, the next step is to assess the use of other daily reanalysis products and to improve the use of 
bias correction.  

ACKNOWLEDGEMENTS 

The support of FCT, Lisbon, through the Post-Doc grant SFRH/BPD/102478/2014 to the first 
author, the PhD grant SFRH/BD/92880/2013 to the second author, and the grants attributed to 
research unit LEAF (UID/AGR/04129/2013) and Pest-OE/MAT/UI0006/2014 is acknowledged. 



 P. Paredes et al. 246 

REFERENCES 

Allen RG, Pereira LS, Raes D, Smith M, 1998. Crop Evapotranspiration. Guidelines for Computing Crop Water Requirements. FAO 
Irrig. Drain. Pap. 56. FAO, Rome, 300 p. 

Dee DP et al. 2011. The ERA-Interim reanalysis: configuration and performance of the data assimilation system. Q.J.R. Meteorol. 
Soc., 137:553–597.  

Legates DR, McCabe Jr. GJ, 1999. Evaluating the use of “goodness-of-fit” measures in hydrologic and hydroclimatic model 
validation. Water Resour. Res. 35:233-241. 

Lorente-Plazas R, Montávez JP, Jerez S, Gómez-Navarro JJ, Jiménez-Guerrero P, Jiménez PA, 2015. A 49 year hindcast of surface 
winds over the Iberian Peninsula. Int. J. Climatol. 35:3007–3023. 

Martins DS, Paredes P, Raziei T, Pires C, Cadima J, Pereira LS, 2016. Assessing reference evapotranspiration estimation from 
reanalysis weather products. An application to the Iberian Peninsula. Int. J. Climatol. doi:10.1002/joc.4852 

Monteith, JL, 1965. Evaporation and Environment. 19th Symposia of the Society for Experimental Biology, University Press, 
Cambridge, 19:205-234 

Nash JE, Sutcliffe JV, 1970. River flow forecasting through conceptual models: Part 1. A discussion of principles. J Hydrol. 10:282-
290. 

Paredes P, Rodrigues GC, 2010. Necessidades de água para a rega de milho em Portugal Continental considerando condições de 
seca. In: Pereira, LS, Mexia, JT, Pires, CAL (eds) Gestão do Risco em Secas. Métodos, tecnologias e desafios. Edições Colibri e 
CEER, Lisboa, pp. 301- 319. 

Pereira LS, Allen RG, Smith M, Raes D, 2015. Crop evapotranspiration estimation with FAO56: Past and future. Agric. Water 
Manage. 147:4-20. 

Sheffield J, Goteti G, Wood EF, 2006. Development of a 50-year high-resolution global dataset of meteorological forcings for land 
surface modeling. J. Climate. 19:3088-3111. 

Simmons AJ, Willett KM, Jones PD, Thorne PW, Dee DP, 2010. Low-frequency variations in surface atmospheric humidity, 
temperature, and precipitation: Inferences from reanalyses and monthly gridded observational data sets. J. Geophys. Res. 115, 
D01110. doi:10.1029/2009JD012442. 

Srivastava PK, Han D, Rico-Ramirez MA, Islam T, 2013. Comparative assessment of evapotranspiration derived from NCEP and 
ECMWF global datasets through Weather Research and Forecasting model. Atmos. Sci. Lett. 28:4419-4432.  

 
 


