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ABSTRACT

Terrain-Permitting Thermodynamic Retrieval 
Scheme (TPTRS) 

And Moisture adjustment method

OSSEs :  Assimilating Retrieved Thermodynamic Variables SUMMARY
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To investigate the potential benefits of assimilating
3D temperature and water-vapor information in
addition to radar observations in multiscale
weather systems, a thermodynamics retrieval
algorithm was employed, and three sets of
observing system simulation experiments (OSSEs)
were conducted by using the WRF–LETKF Radar
Assimilation System (WLRAS). With one frontal
system accompanied heavy rainfall case study,
results showed that assimilating temperature data
had a significant impact on the final analysis at the
mid-level of stratiform areas despite the warm and
wet bias of the retrieved elds, resulting in improved
forecasts of heavy rainfall. On the other hand,
assimilating water vapor information only helped to
reconstruct the range and intensity of the cold pool
near the surface, but the improvement in 3-hour
rainfall forecast was limited. The optimal results of
analysis and short-term forecast were achieved
when both the retrieved temperature and water
vapor were assimilated. Overall, this study
illustrated the benefits of assimilating three-
dimensional thermal variables in multiscale
precipitation systems.
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The thermodynamic retrieval starts with the momentum 
equations:
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The F, G, and H can be obtained once the 3-D air motion is 

obtained through multiple-Doppler-radar synthesis. The 

terrain-permitting thermodynamic retrieval scheme is an 

algorithm  for immediately retrieving the 3D pressure and

temperature fields for complex terrain using wind 

information. 

The moisture adjustment method was based on that of 

Liou et al. (2014), who proposed a simple and effective 

approach for adjusting temperature and moisture fields 

through iterative methods. When the radar reflectivity 

exceeds 10 dBZ, this area is regarded as saturated. 
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Fig. 2. Temperature perturbation from Truth and Retrieved from TPTRS. 
Cross-section along line 1-2.

Fig. 3. (a) Vertical profile of retrieval temperature RMSE and BIAS. (b) 
Scatter plot of water vapor between truth model and retrieved by TPTRS. 

Fig. 1. Simulation of reflectivity at 1400 UTC

Fig. 5. Improvement of final ayalysis at 1400 UTC in spatial correlation 
coefficient of hydrometer variables compared with Exp. ZVr. 

Fig. 4. Root mean square error in assimilation period.

Fig. 8. Rainfall accumulation from 1400 UTC for 1-hr and 3-hrs

Retrieval Thermodynamic Variables 
Fig. 7. Final analysis fields at 1400 UTC. Reflectivity field on 2.5-km 

height; Vertical velocity (shaded) and Potential temperature perturbation 
(contours)

Results of Assimilating Thermodynamic variables Analysis of assimilating retrieval variables  

Fig. 9. Fractions Skill Score (FSS) for 1-hr and 3-hrs
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We discuss the feasibility of assimilating retrieval 3D
thermodynamic with radar data. When the biased
thermodynamic fields were obtained by a retrieval
algorithm, assimilating temperature information
reproduced a stronger upward motion and warm core at
the convective area of the final analysis, and improved
the very short-term QPF at the first hour.

Fig. 6. Rainfall accumulation from 1400 UTC for 3-hrs

Rainfall Forecast of assimilating retrieval variables  

Fig. 10. The different type of temperature with 
relativity humidity, and water vapor mixing ratio.
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