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(not shown). Further work is required to understand these differences and reduce the bias. Further biases may 
be reduced by use of updated PenPan methods such as that introduced by Lim et al. (2016). 

Net radiation is one of the key components driving evapotranspiration; with incoming solar radiation, surface 
albedo, and surface emissivity affecting this balance. Penman as originally formulated assumed albedo is 
0.05 for open water, and surface emissivity is 1. Donohue estimates albedo and surface emissivity based on 
satellite estimated albedo and vegetation fraction. Morton uses a surface emissivity of 0.97 for water and 0.92 
for land surfaces, and modulates the average albedo using sunshine hours and elevation. 

To evaluate the importance of surface emissivity, the net outgoing longwave radiation component estimation 
methods (not influenced by albedo) were assessed. AWRA-L uses a method close to that of Penman, except 
for atmospheric emissivity for clear skies, which uses Brutsaert (1975) rather than Brunt (1932). Morton's 
formulation additionally makes direct use of sunshine hours and elevation. In all cases tested here, incoming 
solar radiation was estimated according to satellite derived grids. A comparison of the methods with available 
longwave radiation records at 11 locations is presented in Fig. 6(c) and (d). The Donohue use of vegetation 
fraction decreases bias (otherwise slightly positive) compared to Penman. Further the AWRA-L method is 
also an improvement in terms of bias over Penman, and does not reduce R2 significantly compared to 
Donohue. Morton estimate is biased negatively and to a greater extent than the other methods detailed.  

Spatial plots of annual average values are presented in Fig. 8(a)-(f) for the various methods trialed. Their 
differences to current BoM gridded average products are also presented (Fig. 8(g) and (h)). Finally, a 
difference plot is presented for Morton areal using albedo as input (as per Donohue), this shows a marked 
decrease in ET in central Australia. Monthly boxplots of the different methods are plotted in Fig. 1 for a 
single site. All other sites are available on request. 

 

 

 

 

Figure 8. 1990-2011 Annual mean ET (mm/yr)) (a) PenPan, (b) Penman, (c) FAO56, (d) AWRA-L Penman, (e) Morton 
lake, (f) Morton areal. Difference plots of (g) BoM Pan (1975-2005) and Modelled PenPan, (h) BoM (1961-1990) and 

modelled Morton areal; and (i) Morton areal using vegetation indices and Morton areal without. 

4. CONCLUSIONS AND RECOMMENDATIONS 

This paper evaluates six daily gridded ET products and the input data used to derive them. The comparisons 
show that gridded data inputs were not systematically biased with respect to station climate inputs 
(temperature, solar radiation, 2m wind) as expected as these data are used in generating the gridded products 

(a) Penpan (b) Penman (c) FAO56 

(d) AWRA-L (e) Morton lake (f) Morton areal 

(g) Penpan – BoM Pan (h) Morton areal - BoM (i) Morton area – Morton 
areal using albedo 
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used. Biases were found in the approach used in FAO56 to transform 10 m observations to 2m wind 
observations; while the gridded wind 2m product used circumvents this issue. It is recommended gridded 2m 
wind products are used in place of transformed 10m wind. Secondly, the PenPan estimate of pan evaporation 
correctly captured temporal trends (following Donohue) but was biased positively in some locations with 
further investigation required to understand why this differs from Donohue. Spatial plots of annual maps and 
site temporal statistics demonstrate the differences between the different methods tested. Further testing is 
required to evaluate and demonstrate the value of using satellite derived vegetation indices (MODIS as 
available operationally in the Bureau vs AVHRR used in Donohue). However, the estimates of ET (FAO56, 
ACSE tall, Morton shallow lake and PenPan) can be implemented immediately on the proviso that there are 
some differences with pan data, and these will be investigated, with products expected to improve over time 
with improved inputs and algorithms. 
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