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Figure 4.6: Precipitation (mm day-1) and 850 hPa moisture flux associated with Hurricane Catarina 
(on 26 March 2004; panels a and b) and Hurricane Anita (on 10 March 2010; panels c and d) as 
depicted by CFSR (panels b and d) and ERAINT (panels a and c). The location of each hurricane is 
indicated with a black square, while that of the SACZ is shown with a black line 
 
4.2 WRF simulations of Hurricane Catarina 

4.2.1 Simulations with ERAINT forcing 

Figure 4.7 presents the WRF simulations of Hurricane Catarina at different resolutions (i.e. 

CEW30: 30 km; CEW10: 10 km; CEW30: 3.3 km). Note that, as indicated in Chapter 3, 

CEW30 downscales ERAINT, while CEW10 downscales CEW30, and CEW03 downscales 

CEW10. In CEW30 and CEW03, the path of the simulated hurricane is located too far 

south of the observed path but, unlike in ERAINT, the hurricane made landfall (though at 

about 2o south of the observation). CEW10 gives the best simulation of Hurricane 

Catarina’s path. In this simulation, the path closely follows the observed path and the 

simulated hurricane made landfall at the same location (and at the same time) as the observed. 

However, in all the simulations, the spatial distribution of the accumulated precipitation is 



	 45 

similar to those of ERAINT and TRMM, except that the magnitude of the simulated 

precipitation is higher (and closer to TRMM observation) than what ERAINT offers 

(compare Figure 4.7 with 4.1). This is better depicted in Figure 4.8a. In this regard, 

CEW10 still gives the best precipitation because while the maximum precipitation is up to 

24 mm hr-1 in TRMM observation, it is about 2 mm hr-1 in ERAINT, 11 mm hr-1 in CEW30, 

11 mm hr-1 in CEW03, but 17 mm hr-1 in CEW10. Nevertheless, all the simulations fail (as 

ERAINT) in reproducing the temporal variability of the precipitation. For instance, TRMM 

showed that the precipitation varies from 2 mm hr-1 (at 18:00 on 25 March) to about 24 mm 

hr-1 (at 06:00 on 28 March), but all the simulations produce a constant maximum 

precipitation throughout Catarina’s lifetime. This shortcoming may be attributed to 

parameterization of cloud and precipitation micro-physics in the model.  

 

 
Figure 4.7: Sensitivity of Hurricane Catarina’s track and associated precipitation in WRF to 
horizontal grid resolution: (a) the track of the hurricane (from 25 to 28 March 2004) as produced by 
observation (IBT), ERAINT and WRF simulations at the indicated resolutions. The simulated 
accumulated precipitation (mm day-1) during the hurricane period (from 25 to 28 March 2004) at (b) 
30 km, (c) 10 km and (d) 3.3 km resolutions 
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The WRF simulations improve on the hurricane intensity (surface pressure and wind speed) 

produced by ERAINT (Figure 4.8b and c). In this respect, CEW10 features the best 

improvement by producing the closest minimum surface pressure and maximum wind speed 

to the IBT observation (Figure 4.8d). However, the temporal variability of Hurricane 

Catarina’s intensity is constant throughout the simulation period; whereas, in the 

observation Catarina intensifies with time. The lack of temporal variability in the simulated 

hurricane hinders the simulations from producing a linear curve in the wind-pressure plots as 

depicted in observation. Instead, the wind-pressure plots for each simulation cluster 

together. For instance, while the plots for CEW30 cluster around a point (1005 mb; 10 m s-

1), the plots for CEW10 cluster around another point (985 mb; 30 m s-1).  

 

 
Figure 4.8: Sensitivity of Hurricane Catarina’s intensity in WRF simulations to horizontal grid 
resolution 
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The influence of resolution also features on the horizontal and vertical structure of the 

simulated Hurricane Catarina (Figure 4.9). While all the simulations (CEW30, CEW10, 

CEW03) feature a warm-core hurricane system with a cyclonic flow around an eye, CEW10 

simulates the hurricane with the warmest core. The simulated hurricane is 5oC warmer than 

the surrounding atmosphere in CEW10, but is less than 5oC warmer than the surrounding 

atmosphere in CEW03 and in CEW30. This perhaps explains why CEW10 produced the 

strongest hurricane than what CEW03 and CEW30 produced. While the hurricane eye and 

the eye wall (characterized by strong winds around the wall) are better resolved in CEW10 

and CEW03 than in CEW30, the wind is strongest in CEW10. 
 

 
Figure 4.9: Sensitivity of Hurricane Catarina’s vertical structure in WRF simulations to horizontal 
grid resolution 
 
The results of the WRF simulations here are comparable with those in Radu et al. (2014). 

Both studies use the same WRF model set-ups (i.e. CEW30, CEW10, and CEW03), but 

Radu et al. (2014) only analysed the model results for the highest resolution (CEW03). In 

their study, CEW03 also simulates the path of Hurricane Catarina south of the observed 

location; however, the temporal variation of their CEW03 is closer to the observation than 



	 48 

CEW03 is here. However, Radu et al. (2014) only analysed CEW03 with the common idea 

that the highest resolution simulation will produce the best simulation but, the present 

results show that CEW10 gave a better simulation of the hurricane than CEW03. The 

reason for this is not clear, but it may be due to the use of convective parameterization in 

CEW10 and not in CEW03. It could be that, since CEW03 downscales CEW10, the latter 

might have depleted the simulated atmosphere of the necessary moisture needed for 

simulating a stronger hurricane in CEW03. Further analysis is needed to pinpoint why 

CEW10 performs better than CEW03 in simulating Hurricane Catarina, but such analysis is 

beyond the scope of the present study. 

 

4.2.2 Simulations with CFSR forcing 

To show the sensitivity of the results in the previous section (i.e. Section 4.2.1) to the forcing 

of the reanalyses, the present section discusses the results of the WRF simulation forced with 

the CFSR dataset (i.e. CCW30: 30 km; CCW10: 10 km; CCW03: 3.3 km). A comparison 

of Figure 4.10 with Figure 4.7 shows that CCW30 performs worse than CEW30 in 

simulating Hurricane Catarina’s path and in replicating the associated precipitation. For 

instance, contrary to observation, CCW30 features a hurricane that moved in a southward 

direction and which made no landfall. Also, the spatial pattern of the accumulated 

precipitation differs from the TRMM observation (compare Figure 4.10 with 4.2), in that the 

maximum accumulated precipitation is located further east away from the coast. This implies 

that, despite the better performance of CFSR (than ERAINT) in representing the hurricane 

pattern, forcing WRF with CFSR in simulating Catarina produces worse results than forcing 

it with ERAINT. In fact, the results of CCW30 are worse than that of the forcing reanalysis, 

meaning that there is no added value in downscaling CFSR results with WRF for simulating 

the path of Catarina. Although, the magnitude of precipitation is higher and closer to the 

observation in the WRF simulations than they are in CFSR, the hurricane intensity is similar 

to that of CFSR (Figure 4.11).  
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Figure 4.10: As in Figure 4.7, but for CFSR 
 
Nevertheless, with the increase in the model resolution (in CCW10 and CCW03), the 

quality of the simulated Hurricane Catarina improves. For example, the track of the 

simulated hurricane shifted more westward toward the observed track, although the 

simulated hurricane did not make landfall, not even in the simulation with the highest 

resolution (i.e. CCW03). The spatial pattern of the accumulated precipitation also improves 

(CCW03 gave the most comparable pattern to the observation). In addition, the magnitude 

of the maximum precipitation from the simulated hurricane increased and moved closer to 

the observed value (Figure 4.11a). Furthermore, the intensity of the simulated hurricane 

increased with the increase in the model resolution (Figure 4.11b and c). CCW03, which 

features the most linear plot of the wind-pressure relationship graph (Figure 4.11d), 

simulated the most intense hurricane.  
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Figure 4.11: As in Figure 4.10, but for CFSR forcing 
 
The influence of the resolution on the simulated system is best depicted in the spatial and 

vertical structure of the hurricane (Figure 4.11). In CCW30 and CCW10, the structure of 

the simulated system may be best described as a tropical disturbance, because the eye of the 

system was not well defined, the cyclonic motion around the eye was weak (<10 m/s), and 

the centre of the system is less than 3oC warmer than the surrounding atmosphere. On the 

other hand, CCW03 best simulated the warm-core hurricane structure in which the eye was 

well defined; there was strong cyclonic flow around the eye; the wind speed within the eye 

wall exceeded up to 40 m s-1; the strongest wind was located at the eastern part of the system; 

and the centre of the hurricane was more than 8oC warmer than the hurricane environment.  
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Figure 4.12: As in Figure 4.9, but for CFSR forcing 
 
Hence, the results presented indicate that the characteristic of the WRF-simulated 

Hurricane Catarina is not only sensitive to model resolution, but it is also sensitive to 

boundary condition forcing. Surprisingly, the results suggest that using a better reanalysis 

dataset (CFSR) to force the model may not necessarily translate into a better quality 

simulated hurricane. The reason for this is not clear. Further adjustments and refining the 

model configuration may be necessary to improve the CFSR-forced simulations; all our 

attempts to achieve this proved futile. Furthermore, the results indicate that the influence of 

increasing model resolution on the quality of the simulated hurricane also depends on the 

boundary forcing. As expected, with CFSR forcing, the highest resolution WRF simulation 

(CCW03) produced the most accurate representation of the hurricane, but that is not the 

case with ERAINT forcing, where WRF simulated at a 10 km-resolution (CEW10) featured 

a better hurricane simulation than that of highest resolution simulation (CEW03). To check 

whether these results are specific to Hurricane Catarina or not, the next section (Section 

4.3) presents the equivalent simulation results for a similar analysis of Hurricane Anita. 

 




