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We thank the reviewer for the positive evaluation and consideration that generating a
global ET product is a much-needed idea. Although there are numerous ET products that
have been rigorously evaluated, notable disagreement exists among these products,
indicating that high uncertainties remain in ET estimates and products. One highlight of
our study is that we retrieve a land ET product using a three-temperature model without
resistance and parameter calibration, which is different from the available ET products
generated by methods including Penman–Monteith equation-based and surface-energy-
balance-residual-based methods. Our validation results indicated that the proposed ET
product has reasonable accuracy. However, some misunderstandings occurred due to our
unclear description; for example, validation of the ET product was verified at the daily
scale under extreme conditions. Nonetheless, we further evaluated the ET product at
3-hour and daily scales in this revision as suggested. Please see the following point-by-
point replies for details.

Responses to Comments 1:

The Köppen-Geiger climate regimes consist of 5 groups (equatorial, arid, warm temperate,
snow, and polar), but they were subdivided into 31 climatic regions according to different
conditions of precipitation and temperature (Kottek et al., 2006).

In fact, in our study, we further classified these 31 climatic regions of the Köppen-Geiger
climate regimes into more detailed subregions via principal component analysis (PCA) and
K-means clustering methods. Specifically, PCA was used to select major variables to
describe regional characteristics from meteorological factors (i.e., net radiation, air
temperature, humidity, wind speed, precipitation, and air pressure) and land surface
conditions (i.e., albedo, land surface temperature, NDVI, soil moisture, and soil
temperature). Thereafter, these variables were used to classify the 31 climate regions
through the K-means clustering method. Because of meteorological and land surface
variations, the subregions varied from 90 to 110 in different months. As such, each
classified subregion has an area of approximately 1.35×106 km2 (considering 100
subregions) and may be good enough for the reference assumption of the 3T model at the
global scale.



To test the impact of region size on the 3T model-based ET estimation, we performed a
comparison under two different classification methods with different subregions and sizes.
In the first method, Köppen-Geiger climate regimes with 31 subregions were used,
whereas detailed subregions with numbers of 90-110 were adopted as the second method.
The daily ET estimates in 2011 were used as examples. In general, the two groups of daily
ET estimates showed little difference, with mean values of 47 and 42 W m-2, respectively,
and were close to the EC observation, with RMSE values of 32 and 33 W m-2 (see Figures
R1a and R1b in the attachment). At the yearly scale, however, the 3T model-based ET
estimates from 90-110 subregions were much closer to the water balance ET than those
estimates from 31 subregions (see Figures R1c and R1d in the attachment). The results
indicate that the smaller the region where the reference parameters were obtained, the
more accurate the 3T model, which is consistent with our previous findings (Xiong et al.,
2015, 2019). The uncertainty of the 3T model at the global scale caused by region size will
be incorporated into the revised manuscript. 
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Responses to Comments 2:

In fact, validation of the 3T model is performed not only at a monthly scale but also at a
daily scale. In particular, the discussion that the 3T model-based ET product could
accurately capture the low ET values under extreme conditions in section 4.2 used daily ET
estimates. We apologize for our unclear description.

We further tested the performance of the 3T model with all daily EC observations (because
the results in section 4.2 only contain extreme conditions). The results showed that the 3T
model-based ET estimates agreed well with the observations (N=294058), with an RMSE
of 33 W m-2 (or 1.1 mm day-1) (see Figure R2a in the attachment), which was also
comparable to other ET products, such as GLDAS (RMSE: 32 W m-2 or 1.1 mm day-1) (this
study), PML (RMSE: 0.7 mm day-1) (Zhang et al., 2021), and SEBS (RMSE: 1.6 mm day-1)
(Chen et al., 2021).

At a 3-hour temporal scale, the data are too large to perform an entire comparison at a
global scale. Moreover, as you may know, high temporal data even at the daily scale,
especially remote sensing data, may encounter missing values for several reasons, such
as clouds and precipitation (the MODIS land surface temperature product is a good
example), which complicates the comparison and contains more uncertainty. In fact, the
performance of the 3T model over a short period of time (30 minutes to 1 hour) has been
tested at the point scale, and the results from both our studies (Qiu and Zhao, 2010; Tian
et al., 2014; Qiu et al., 2015; Xiong et al., 2019) and others (Zhou et al., 2014; Zhang et
al., 2020) show that the 3T model generally performed well. Nonetheless, we further
tested the performance of the 3T model at the 3-hour scale across the world using EC
observations in 2011 (6278 data points) (Figure R3a). Data were selected from the 15th
day of each month in 2011. Although the RMSE (74 W m-2) was slightly greater than that



at the daily scale compared to the EC observations (see Figure R3a in the attachment),
the 3T model-based ET estimates at the 3-hour scale agreed well with the GLDAS ET, with
an r of 0.89 and RMSE of 21 W m-2 (see Figure R3b in the attachment).

These results indicate that the 3T model is robust at different temporal scales. These
results will be incorporated into the revised manuscript.
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Responses to Comments 3:

In fact, the water balance ET was independent of the estimates from the 3T model
because inputs of the 3T model only consist of net radiation (Rn), air temperature (Ta),
and land surface temperature (LST) from GLDAS forcing data. Precipitation is not required
in the inputs of the 3T model. Therefore, consistency between GLDAS precipitation and
GPCC precipitation is unnecessary.

We agree with the comment that the performance of the 3T model should be tested at the
interannual scale to enhance its robustness. We selected 10 EC sites covering different
biomes across the world to test the interannual variability of the 3T model-based ET
estimates at a daily scale. The variations in the 3T product generally fit the observation



(see Figure R2 in the attachment). We also compared multiyear (2003–2013) mean
monthly ET values between several ET products, and the results further indicate that the
interannual variability of the 3T model was similar to the other ET products (see Figure R4
in the attachment). These results will be incorporated into the revised manuscript.

Please also note the supplement to this comment: 
https://essd.copernicus.org/preprints/essd-2022-171/essd-2022-171-CC4-supplement.pdf
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