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Data and methods

● ERA5 data
○ Profiles of temperature and humidity
○ 3-hourly (00:21), for the year 2019
○ 40 grid points + 9 CORS stations

● Procedure to calculate Tm is similar 
to that outlined by Wang et al. (2005).

● Tm is calculated by (Davis et al. 
1985):



Data and methods

Adapted from Wang et al. (2005). The height hs refers to ETOPO1 surface (grid-wise) 
or station height (site-wise), and hm refers to the height of 1000 hPa.



Tm-Ts relationship in Indonesia

Overall correlation coefficient     
r = 0.36 (from 40 grid points).

Spatial variation of correlation coefficients 
based on 40 grid points.



Seasonal Tm-Ts relationship in Indonesia

Spatial variation of seasonal correlation coefficients based on 40 grid points.



Site-specific, seasonal Tm-Ts relationship
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Tm-Ts relationship in Kalimantan

Strong correlation in Kalimantan →         
Tm was calculated at additional 9 CORS 
stations



Effects of Tm error in PWV

Errors in PWV due to errors in Tm can be 
calculated as follows (Wang et al., 2005):

Maximum absolute biases of Tm range 
between 4.2-8.5 K, with Tm range between 
289-293 K. Hence the maximum relative 
error of PWV is 1.4-2.8%.

Assuming PWV in Indonesia is ranging 
between 20-80 mm, the uncertainty in PWV 
caused by Tm is between less than 1 mm to 
more than 2 mm.

ΔTm = Tm Bevis - Tm ERA5



Conclusions

● Tm in Indonesia is weakly correlated to Ts (overall r = 0.36), suggesting that using a 
general Tm-Ts relationship to determine Tm may not be appropriate.

● Seasonal site-specific Tm-Ts correlation is slightly stronger, albeit with r value still 
mostly less than 0.5.

● Tm-Ts in Kalimantan has higher r values compared to other regions, independent of the 
seasons. Inland stations has higher r values than coastal stations, suggesting that 
Tm-Ts relationship in Indonesia might be influenced by station’s vicinity to the coast.

● Errors in PWV due to errors in Tm in Indonesia range from < 1 mm to > 2 mm.
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