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CHAPTER IV 

SIMULATION OF SUMMER CASE WITH PRECIPITATION 

 
4.1 Synoptic Conditions 

 August 1, 2000 0000Z (1900LST) through August 4, 2000 0000Z is a 

summer case study during a precipitation event.  Examination of surface 

analysis charts obtained from NCEP indicates that the synoptic environment 

is conducive for development of convection over the 5 km domain.  The 

combination of the Bermuda high, located off the North Carolina (NC) coast at 

approximately 35N and 67 W, and a low pressure system over the Great 

Lakes provides an avenue for a corridor of warm moist southerly flow on 

August 1st at 0000Z, as shown in Figure 4.1.1.  The mechanisms associated 

with the development and placement of the precipitation patterns are most 

likely related to local surface features and complex mesoscale interactions.       

 

4.2 Evaluation of Mesoscale Processes 

Numerical simulation of the effect of mesoscale processes on the 

boundary layer structure during a convective precipitation event is performed 

with the primary focus over NC.  These processes and interactions are 

evaluated and validated with remote sensing, including satellite and radar, 

and surface observations.  Evaluation begins with an examination of 

horizontal cross sections over the 5 km domain and vertical cross sections 

along the coast, piedmont, and mountains.  In this case study, the model’s 
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ability to simulate precipitation patterns is examined. Model performance is 

validated by comparing the simulated precipitation with radar reflectivity and 

surface observations of precipitation events and amounts associated with 

these events.  These results are also compared with the 15 km domain to 

examine model performance at a coarser resolution.  Evaluation of model 

fields over the 5 km domain on a quantitative point-by-point basis is 

performed for wind speed and direction, air and soil temperature, specific 

humidity, soil moisture, and precipitation.  These observations at stations 

across North Carolina are compared with the closest model grid point as 

shown in Figure 3.2.1 and Figure 3.2.2.   

 

4.3 Winds 

Wind patterns for the innermost domain are examined using the modeled 

horizontal surface wind vectors.  The initial wind vectors at 0000Z  (1900 LST) 

on August 1st indicate a fairly uniform southerly flow pattern over the domain 

as shown in Figure 4.3.1.  Towards the coast simulated wind directions are 

from the south with a south-southwest flow in the mountainous and piedmont 

regions.  Surface wind speeds are weak in the mountains and piedmont with 

a magnitude of approximately 3 to 4 m/s.  The strongest winds are offshore 

with a maximum speed of 7.7 m/s.   

The predominant simulated wind direction is from the south with high 

variability in the speed and direction in the mountains as shown on August 3rd 
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at 0000Z in Figure 4.3.2.  Areas of divergence, as indicated by the simulated 

surface wind are present in the NC mountains.  In relation to the ambient wind 

direction in the model over the 5 km domain, opposing flow from the 

northwest can be seen in areas on the leeward side of the mountains.  Near 

the coast, there does not appear to be development of sea breeze 

circulations from the examination of the horizontal winds.  Also, further 

examination of possible transverse circulations is investigated by taking 

vertical cross sections at the coast, mountains, and piedmont. 

A cross section is taken along the southern coast of NC near Wilmington; 

the location is indicated by the letter A in Figure 3.3.3.  During most of the 

simulation, sea breeze development in not apparent at the Wilmington 

location.  The simulated wind vectors along the cross section are uniformly 

onshore at about 5 m/s as shown in Figure 4.3.3 at 0000Z on August 1st.  This 

wind flow pattern in relatively unchanged during the first 48 hours of the 

simulation.  During the last 24 hours of the simulation, a sea breeze 

circulation does develop along the coast as shown in Figure 4.3.4 at 1800Z 

(1300 LST) on August 3rd.  The circulation penetrates approximately 20 km 

inland and has a vertical extent of 1 to 1.5 km.   

Further examination of the complex flow patterns in the mountainous 

region is performed by taking a vertical cross section; the letter B in Figure 

3.3.3 indicates the location.  Diverse local flow patterns are evident in the 

mountains at nearly all times during the 72-hour simulation.  Interactions 
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between mountain induced katabatic flows on the lee side of the two 

mountain ridges and the ambient wind from the south on August 2nd at 1200Z 

(0700 LST) are shown in Figure 4.3.5.  This example of complex flow in the 

mountains shows areas of convergence and upward motion that may be 

related to the precipitation patterns seen in this region as discussed in 

Section 4.7. 

   A vertical cross section is taken along the sand hills region in the 

piedmont of NC; the location is indicated by the letter C in Figure 3.3.3.  

Evidence of transverse circulations is seen throughout most of the simulation 

in this region where sharp gradients in land-use and soil type are present as 

shown in Figures 2.3 and 2.4, respectively.  Examples of these multiple 

vertical circulations simulated by the model are evident at 1800Z (1300 LST) 

on August 1st as shown in Figure 4.3.6.  In this figure, 3 different circulations 

are apparent, each one extending approximately 30 km in the horizontal and 

1 to 1.5 km in the vertical.  One or more of these circulations persist 

throughout the 72-hour case study.  In relation to these various vertical 

circulations, extensive amounts of precipitation fell in the central piedmont 

regions perpendicular to this cross section as discussed in Section 4.7. 

Examination of wind speeds and directions for the 5km domain are 

performed at 34 grid point locations coinciding with automated observation 

stations in NC.  In general, the model has difficulty simulating the winds in the 

mountains where model wind speeds are out of phase with the observational 



 

 

159

wind speeds.  This difference is especially noted at night when the observed 

surface winds are light and variable.  The model tends to increase wind 

speeds at night as seen at Castle Hayne (CAS) in Figure 4.3.7.  Here, 

nocturnal wind speeds are overestimated by 2 m/s at some times.  Model 

wind speeds improve during the day hours with errors less than 1 m/s.   

The wind direction time series comparison for the simulation at Castle 

Hayne (CAS) is shown in Figure 4.3.8.  Errors associated with the wind 

speeds are somewhat evident in the directions as well.  During nighttime 

hours the observed winds appear to be from the east-southeast while the 

model keeps the wind directions almost exclusively from the south with little 

variation.   

Model performance in the mountains for wind speed and direction was 

poor.  An example of wind speed and direction is given in Figures 4.3.9 and 

4.3.10 for Fletcher, respectively.  Here, the model overestimates the wind 

speed during the entire simulation, especially at night where the error can 

reach 3 m/s.  Simulation of the wind direction by the model is also poor at 

Fletcher.  The model performs fairly well for the first half of the simulation but 

cannot emulate the rapid fluctuation in the local winds well at all, as seen in 

the latter half of the simulation in Figure 4.3.10. 

When compared to observed values, model simulation at a few of the 

other grid points was fairly accurate in wind speed and direction.  For 

example, Elizabeth City (ECG) has simulated wind speeds that are fairly 



 

 

160

representative of the observed winds at 10 meters as shown in Figure 4.3.11.  

Here, the simulated winds are roughly in phase for most of the simulation.  

Corresponding wind directions, indicated in Figure 4.3.12, show good 

agreement with the observations as well.  Analysis of winds in the convective 

regions in the piedmont showed no discernible differences in speed and 

direction from other locations in the piedmont and coastal plain. 

 

4.4 Land Surface Processes  

Examination of the model simulation at 1800Z on August 1st indicates a 

complex pattern of latent heat flux as shown in Figure 4.4.1.  In general, the 

eastern half of NC shows higher latent heat fluxes with speckled areas of low 

values that could be linked to spotty cloud cover in this region seen in the 

visible satellite imagery as shown in Figure 4.4.2.    High latent heat fluxes, on 

the order of 400 Wm-2, are present in the cropland region in conjunction with 

loamy sand soil type.  Reduced latent heat fluxes, about 200 Wm-2, are noted 

in the area adjacent to and just west of the sand hills.  The sensible heat flux 

pattern shown in Figure 4.4.3 correlate to the latent heat flux pattern at 1800Z 

on the 1st as seen in Figure 4.4.1.  Sensible heat flux values are low and may 

be attributed to cloud cover over NC.   

Additionally, the latent heat flux on August 3rd at 1800Z is shown in 

Figure 4.4.4.  At this time the central piedmont is covered by a band of clouds 

indicated in the infrared satellite imagery as shown in Figure 4.4.5.  In this 



 

 

161

region, the latent heat flux indicated by the model is approximately 200 W/m-2.  

The sensible heat flux shown in Figure 4.4.6 corresponds to the latent heat 

flux patterns at 1800Z on the 3rd as seen in Figure 4.4.4.  The reduced 

sensible heat flux appears to correlate with the thicker band of clouds 

associated with convective precipitation over the central piedmont.   

Soil temperature observations at a depth of 10 cm from the AgNet 

stations are compared with the simulated soil temperature.  Diurnal variations 

are handled well by the model in all regions.  As in the non-precipitation case 

study, there appears to be less error in the modeled values during nighttime 

conditions.  Nighttime observed point values of soil temperature are plotted in 

relation to the contours estimated by the model at 0600Z on August 1st as 

shown in Figure 4.4.7.  The observed values match fairly well with the 

simulated values from the model.  Similar to the non-precipitation case, the 

model appears to overestimate the daytime soil temperatures as shown in 

Figure 4.4.8 on August 2nd at 1800Z.  At some stations in the coastal plain, 

the model overestimates the soil temperature by about 5 F.  

Point observations of soil moisture are also compared with simulated 

soil moisture contours.  The initial modeled soil moisture field on August 1st at 

0000Z, shown in Figure 4.4.9, indicates a fairly uniform distribution of 

approximately 0.33 m3/m3 across NC.  Also, like the non-precipitation case, 

similar gradients in the modeled soil moisture develop over the course of the 

simulation.  Observed soil moisture values are compared with modeled output 
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by overlaying the values on the simulated soil moisture contours.  Although 

the observed point values of soil moisture are not always represented by the 

model, the trend of drying and wetting of the soil appears to be somewhat 

correlated to the local precipitation amounts as was noted in Sims et al. 2001.  

On August 1st at 1200Z, the increased soil wetness in the central piedmont, 

as shown in Figure 4.4.10, can be related to the precipitation patterns 

discussed in Section 4.7.  Increased soil moisture amounts in the model for 

the mountainous region and drying in the coastal plain can also be correlated 

to the precipitation patterns as shown in Figure 4.4.11 at 0000Z on August 

3rd.   

 

4.5 Surface Temperature Evaluation and Validation 

The model shows the diurnal variation of temperature at each of the 

grid points to be in phase with the observations at each of the stations.  

Similar to the case study in Chapter 3, exceptions arise at the Hatteras (HSE) 

and Beaufort (MRH) stations.  The grid resolution appears to be the cause of 

the inconsistencies between model values and observations.  Grid points 

associated with these two stations seem to be located over water causing the 

lack of diurnal variation as seen in the time series indicated in Figures 4.5.1 

and 4.5.2, for Hatteras (HSE) and Beaufort (MRH), respectively. 

Results from probability distributions at each of the stations suggest 

that the model typically overestimates the air temperatures during the 
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simulation.  Two representative examples of these distributions are shown in 

Figures 4.5.3 and 4.5.4. The probability distribution for temperature at 

Burlington (BUY) represents the distribution at roughly half of the stations 

where at any given temperature value for the model, the percentage of 

observed temperature values are typically 3 to 5 degrees less than the model 

values as shown in Figure 4.5.3.  The probability distribution for temperature 

at Fayetteville (FAY), shown in Figure 4.5.4, is indicative of model 

performance at other stations across NC.  As in the non-precipitation case 

discussed in Chapter 3, maximum temperatures, at most stations, are better 

simulated than minimum temperatures.   

Times series for air temperatures are also investigated to determine if 

regional similarities in the model biases exist.  Examination of the time series 

indicates that the model’s ability to simulate surface temperature increases 

from west to east.  The temperatures at the mountain stations, represented in 

Figure 4.5.5 at Asheville, are overestimated during the entire simulation.  At 

times the maximum temperature differences exceed 10 F.  Interestingly, 

minimum temperatures, although also overestimated, seem to be in error by 

only a couple of degrees. 

The simulation of the temperatures coinciding with the stations in the 

piedmont appears to improve as compared with the mountain stations.  An 

example of the variations in the piedmont between the model and the 

observations can be seen at the Raleigh-Durham (RDU) station as shown in 
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Figure 4.5.6.  The Wilmington (ILM) station temperature time series, shown in 

Figure 4.5.7, also indicates the improvement in the model’s ability to simulate 

near surface air temperature from west to east.  This trend is analyzed 

spatially and supports the results indicated in the time series plots.  Using the 

index of agreement, additional confirmation of improving correlation between 

the model and the observations from west to east in NC is seen in Figure 

4.5.8 for the 72-hour case.  This trend in the temperature is also evident at 

the 42 hour forecast time (1800Z August 2nd) where the model bias decreases 

from greater than 10 F in the mountains to less than –2 F in the coastal plain 

as shown in Figure 4.5.9. 

Unlike the non-precipitation case, there doesn’t appear to be 

considerable differences in the model temperature biases during night and 

day over most of NC.  Errors in the simulation of maximum and minimum 

temperatures are roughly of the same magnitude.  Close examination of 12-

hour blocks of time correlating with daytime and nighttime help substantiate 

these results.  However, the simulation of temperature is somewhat improved 

in the coastal plain area during the day when compared to the nighttime hours 

as shown in Figures 4.5.10 and 4.5.11, respectively.  In figure 4.5.10, the 

values corresponding to the index of agreement during the first 12 hours of 

the simulation (daytime) (0000Z to 1200Z August 1st) are mostly between 30 

and 50 percent.  In Figure 4.5.11, the next 12 hours of the simulation 

(nighttime) (1200Z August 1st to 0000Z August 2nd) show an improvement 
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over most of NC but is especially noted in the coastal plain where index of 

agreement values reach 80 to 100 percent. 

 

4.6 Surface Moisture Evaluation and Validation 

Moisture variability across NC is analyzed using time series 

comparison, probability distributions, and index of agreement.  Similar to the 

analysis of temperature, the model’s ability to simulate near surface specific 

humidity improves from west to east in NC.  The moisture (q) field in the 

mountains was typically overestimated by the model.   Also, the modeled 

moisture (q) values also tended to be out of phase with the observations 

throughout the 72-hour simulation as shown at Waynesville (WAY) in Figure 

4.6.1.  Here, the initial specific humidity is overestimated by 2 g/kg where the 

rest of the modeled time series maxima and minima are out of phase with the 

observed maxima and minima. 

Although initialization errors plague this region where almost all grid 

points coinciding with the observation stations overestimate the humidity (q), 

the model’s ability to simulate the specific humidity improves in the piedmont.  

During most of the simulation the model struggles to recover from the 

initialization errors at some stations.  An example of the initialization problem 

is seen at Salisbury (SAL) as shown in Figure 4.6.2.  The initial model specific 

humidity is at 18 g/kg while the observed moisture values are approximately 

16 g/kg.   
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Simulations of moisture (q) values by the model in the coastal plain are 

much improved over the mountainous and piedmont regions.  A probability 

distribution for the Kinston location indicates good agreement between the 

model and observations as shown in Figure 4.6.3.  A time series of observed 

and modeled specific humidity at Wilmington also show the improved ability of 

the model to handle surface moisture (q) conditions in eastern NC when 

compared to the western part of the state as shown in Figure 4.6.4.  The 

index of agreement for each of the NC stations helps illustrate the general 

trend of model performance improvement from west to east during the 72-

hour simulation as shown in Figure 4.6.5.   

 

4.7 Precipitation patterns 

One of the primary interests of this case study is to analyze the model’s 

ability to simulate the precipitation over the 5 km and 15 km domains.  In the 

5 km domain, no cumulus convective scheme is initially used to examine the 

precipitation patterns and amounts.  The analysis is broken down into an 

examination of each day’s total precipitation amount as well as the total 

cumulative precipitation amounts for the entire 72-hour simulation.  The 

simulation results are compared with hourly ASOS stations, AgNet stations, 

and daily cooperative observer stations over North and South Carolina.  The 

large number of stations used in this analysis is necessary in order to 

examine the precipitation patterns over the domains.  Radar reflectivity over 
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the domain during the case study is also used to help analyze the 

precipitation patterns. 

Examination of precipitation amounts and patterns begin by analyzing the 

5 km domain during the first 24-hours of the simulation, 0000Z August 1st 

through 0000Z August 2nd.  The cumulative precipitation from the model is 

oriented in bands from southwest to northeast and is concentrated in central 

North Carolina as shown in Figure 4.7.1.  The model calculates rainfall 

amounts ranging approximately from 10 to 30 mm.  Observed precipitation 

amounts in North Carolina agree somewhat with the model output where 

larger precipitation amounts, also on the order of 10 to 30 mm, are 

concentrated in the piedmont.  On the contrary, observations indicate that 

coverage of the precipitation is more widespread as shown in Figure 4.7.2.  

Observations indicate measurable rainfall amounts in South Carolina and in 

the North Carolina mountains while the model does not simulate any 

precipitation in these areas. 

During the 2nd day of the simulation, 0000Z August 2nd through 0000Z 

August 3rd, the model underestimates the wide spread coverage of 

precipitation once again.  This time simulated precipitation amounts are 

concentrated in the North Carolina mountains as shown in Figure 4.7.3.  

Concentrated areas of precipitation in the mountains show amounts ranging 

from 70 to 90 mm during the 2nd day.    Observations indicate that there were 

areas of significant precipitation in the mountains with amounts ranging from 
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40 to 80 in some areas.  Simulated rainfall amounts are not seen in the 

central piedmont where the observations indicate measurable amounts 

occurred as shown in Figure 4.7.4. 

On the last day of the 72-hour simulation, 0000Z August 3rd to 0000Z 

August 4th, the simulated precipitation patterns and amounts do not seem to 

agree well with the observations.  As shown in Figure 4.7.5, heavy 

precipitation is simulated in the western portion of North Carolina.  Simulated 

amounts in the Asheville and Fletcher areas are greater than 90 mm.  Bands 

of precipitation along the outer banks are also simulated.  Observed 

cumulative precipitation amounts for day 3 of the case study indicate light 

wide spread rain with spotty areas of convection as shown in Figure 4.7.6.  

Close examination of the observations reveal that in the Asheville and 

Fletcher area, precipitation values are higher than the surrounding areas, 20 

to 30 mm, but are not nearly the magnitude of the simulated rainfall amounts 

in that area.   

Analysis of the cumulative precipitation amounts for the entire 72-hour 

simulation is also performed.  In general, the precipitation pattern, at least in 

North Carolina, appears to be simulated fairly well by the model.  In Figure 

4.7.7, rainfall patterns are oriented from southwest to northeast and indicate 

heavier precipitation in the western portion of the state and along the coast, 

while leaving the coastal plain area relatively dry.  Little or no rainfall is 

simulated in South Carolina in the 5 km domain by the model.   
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Cumulative totals of the observed precipitation are used to verify the total 

precipitation produced by the model.  Observed precipitation totals indicate 

considerable precipitation amounts in the mountains and the piedmont as 

shown in Figure 4.7.8.  It appears that a band of precipitation fell in the 

mountains where observed values are typically above 70 mm and exceed 100 

mm at some locations.  In the western piedmont, less rainfall is observed with 

values ranging from 10 to 30 mm.  Adjacent to and east of this area, in the 

central and eastern piedmont, another heavy band of precipitation is 

observed extending well into central South Carolina.  These amounts are 

generally in excess of 70 mm and exceed 100 mm in some locations also.   

Examination of radar reflectivity over the course of the simulation shows 

bands of precipitation propagating from the southwest to the northeast.  The 

heaviest bands of precipitation are concentrated in the western mountains of 

NC and in the piedmont region of North and South Carolina.  An example of 

these propagating precipitation bands is shown in Figure 4.7.9.  This image is 

a 2 km composite U.S. mosaic at 2110Z August 1st.  Here, radar reflectivities 

show heavy precipitation in the piedmont as well as in the mountains.  Spotty 

rainfall is seen in the eastern portion of the state indicated by weak 

reflectivity. 

Next, an examination of the 15 km domain is performed to analyze if 

these precipitation patterns can be simulated at a coarser resolution.  An 

immediate effect seen in this analysis is the amount of rainfall produced by 



 

 

170

including the Kain-Fritsch cumulus parameterization.  Substantial coverage of 

precipitation over North and South Carolina can be seen in Figure 4.7.10.  

Comparing this simulated precipitation pattern with the observations in Figure 

4.7.2 indicate better agreement overall between the model and observations 

than with the higher resolution 5 km domain.  One specific feature well 

simulated is the area of convection in eastern NC where precipitation 

amounts are 40 to 50 mm as seen in Figure 4.7.10.  The observations at the 

same time period, 0000Z August 1st to 0000Z August 2nd, have increased 

precipitation amounts in this same area on the order of 30 to 50 mm. 

Examination of precipitation in the 15 km domain on the 2nd day also 

compares well with the observations during the same time period.  The 

general simulated precipitation pattern over North and South Carolina 

indicates spotty precipitation in the mountains and piedmont with little or no 

rain in the coastal plain area as shown in Figure 4.7.11.  Simulated rainfall 

amounts during this time are approximately 20 to 30 mm.  Comparing the 

simulated precipitation pattern with the observations in Figure 4.7.4 indicate 

fair agreement between the model and observations.  Observed precipitation 

amounts are concentrated in the piedmont and mountains with very little 

accumulation in the coastal plain region. 

During the last day of the simulation, analysis of the 15 km domain 

indicates light spotty precipitation throughout most of North and South 

Carolina as shown in Figure 4.7.12.  The general pattern of precipitation 
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indicates a wide band extending from southwest to northeast across the 

western two third of NC.  The coastal plain area in North and South Carolina 

is relatively dry as indicated by the model.  Observations from the 3rd day 

show light, wide spread accumulations of 10 to 30 mm across North and 

South Carolina.  Except for the dry regions in the eastern part of North and 

South Carolina, the model does a fair job of simulating the precipitation 

pattern on the 3rd day. 

The cumulative 72-hour precipitation totals from the 15 km domain are 

compared with the observations.  The model at 15 km appears estimated the 

72-hour cumulative amounts well.  There is a band of heavy precipitation 

extending from the southwest to the northeast in central NC and significant 

rainfall amounts in the mountains as shown in Figure 4.7.13.  Areas between 

the mountains and the piedmont are dryer and the coastal area has reduced 

simulated precipitation totals as well.   

Observed cumulative totals of precipitation for the 72-hours indicates 

good agreement with the model at 15 km resolution as shown in Figure 4.7.8.  

The band of precipitation that fell in the mountains matches well with the 

simulated precipitation patterns in the mountains.  The dryer areas in the 

western piedmont along with a heavier band in the central and eastern 

piedmont also match well with the model. The coastal plain areas have less 

observed and simulated rainfall as well. 
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Given such good performance of simulating the precipitation patterns at 

15 km and such poor model performance at 5 km, the 5 km domain was re-

simulated using the Kain-Fritsch cumulus scheme to examine if the 

precipitation patterns improved.  The amount of rainfall produced is enhanced 

by the addition of the Kain-Fritsch cumulus parameterization.  Substantial 

coverage of precipitation over North and South Carolina can be seen in 

Figure 4.7.13.  A band of precipitation is simulated in the piedmont and has a 

similar orientation to the observations during this period as seen in Figure 

4.7.2.   

On the 2nd day, simulation of precipitation for the 5 km domain with Kain-

Fritsch compares fairly well with the observations during the same time period 

as in the 15 km domain.  There is little or no rain in the coastal plain area with 

heavier precipitation amounts in the western piedmont and the mountains as 

shown in Figure 4.7.14.  Observed precipitation amounts are also 

concentrated in the piedmont and mountains as shown in Figure 4.7.4. 

On day 3 of the simulation, there is light spotty precipitation throughout 

most of North and South Carolina as shown in Figure 4.7.15. This analysis 

compares well with the precipitation pattern as indicated in the 15 km domain.  

A heavier band of precipitation is seen in the piedmont region extending from 

southwest to northeast across NC.  Observations also show light, wide 

spread precipitation across North and South Carolina.  Observations also 
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indicate a few stations report enhanced accumulations along the simulated 

band of heavier precipitation as seen in Figure 4.7.6. 

Finally, the cumulative precipitation for the 72-hour simulation is shown in 

Figure 4.7.16.  The precipitation pattern compares well with the observations 

and the 15 km domain.  More structure is visible in the precipitation patterns 

at 5 km than at 15 km.  The important features are prominent in the 5 km 

domain including the heavy band of precipitation in the piedmont correlating 

well with the observations.  Also heavy precipitation in the mountains is well 

simulated by the model.  By including the cumulus scheme at 5 km, the model 

appears to better simulate the precipitation than when using explicit physics 

only.  The explicit scheme did not seem to simulate enough precipitation and 

was much dryer than the domain using the Kain-Fritsch scheme. 
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Figure 4.3.1. Horizontal wind vectors at 10 meters above the surface for the 5 

km domain on August 1, 2000 at 0000Z (1900 LST July 31st). 
 
 

 
 
Figure 4.3.2. As in Figure 4.3.1 except at 0000Z (1900 LST) on August 3,  

2000. 
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Figure 4.3.3. Vertical cross-section showing circulation vectors (m/s), 

potential temperature (K), and water vapor mixing ratio (g/kg) for 
cross section A at 0000Z (1900 LST) on August 1, 2000. 
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Figure 4.3.4. As in Figure 4.3.3 except at 1800Z (1300 LST) on August 3,  

2000. 
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Figure 4.3.5. Vertical cross-section showing circulation vectors (m/s), 

potential temperature (K), and water vapor mixing ratio (g/kg) for 
cross section B at 1200Z (0700 LST) on August 2, 2000. 

 
 
 
 
 
 



 

 

179

 
 

 
 
 
 
 
Figure 4.3.6. Vertical cross-section showing circulation vectors (m/s), 

potential temperature (K), and water vapor mixing ratio (g/kg) for 
cross section C at 1800Z (1300 LST) on August 1, 2000. 
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Figure 4.3.7. Observed and modeled wind speed at 10 meters above the  

ground at Castle Hayne, NC.  Forecast hours span 72 hours 
beginning at 0000Z (1900 LST) on August 1, 2000 and ending 
on August 4, 2000 at 0000Z (1900 LST).  Observed and 
modeled wind speeds are shown to be out of phase during night 
and day.   
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Figure 4.3.8. Observed and modeled wind direction at 10 meters above the 

ground at Castle Hayne, NC.  Forecast hours span 72 hours beginning 
at 0000Z (1900 LST) on August 1, 2000 and ending on August 4, 2000 
at 0000Z (1900 LST). 
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Figure 4.3.9.    As in Figure 4.3.7 except at Fletcher, NC (FLE). 
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Figure 4.3.10. As in Figure 4.3.8 except at Fletcher, NC (FLE). 
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Figure 4.3.11. As in Figure 4.3.7 except at Elizabeth City, NC (ECG). 
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Figure 4.3.12. As in Figure 4.3.8 except at Elizabeth City, NC (ECG). 
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Figure 4.4.1. Latent heat flux for the 5 km domain on August 1, 2000 at  

1800Z (1300 LST). The complex pattern over NC may be 
attributed to associated cloud cover at this time. 

 
 

 
 
Figure 4.4.2. 4 km visible satellite imagery at 1800Z (1300 LST) on August 1, 

2000. 
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Figure 4.4.3. Sensible heat flux for the 5 km domain on August 1, 2000 at 

1800Z (1300 LST). The complex pattern over NC may be 
attributed to associated cloud cover at this time. 

 
 

 
 
Figure 4.4.4. As in Figure 4.4.1 except at 1800Z (1300 LST) on August 3,  

2000. 
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Figure 4.4.5. 4 km infrared satellite imagery at 1800Z (1300 LST) on August 

3, 2000. 
 
 

 
 
Figure 4.4.6. As in Figure 4.4.3 except at 1800Z (1300 LST) on August 3, 

2000. 
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Figure 4.4.7. Modeled soil temperature contours overlaid with actual 

observed soil temperature values obtained from AgNet stations 
in North Carolina at 0600Z (0100 LST) on August 1, 2000 at 
10cm soil depth. 

 

 
 
Figure 4.4.8. As in Figure 4.4.7 except at 1800Z (1300 LST) on August 2,  

2000. 
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Figure 4.4.9. Initial modeled soil moisture contours overlaid with actual  

observed soil moisture values obtained from AgNet stations in 
North Carolina at 0000Z (1900 LST) at 10cm soil depth.  The 
initial field is noted to be fairly constant over North Carolina with 
a value of approximately 0.33 m3/m3. 

 

 
 
Figure 4.4.10.   Modeled soil moisture contours overlaid with actual observed  

    soil moisture values obtained from AgNet stations in North  
    Carolina at 1200Z (0700 LST) on August 1, 2000 at 10cm soil  
    depth. 
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Figure 4.4.11. As in Figure 4.4.10 except at 0000Z on August 3, 2000. 
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Figure 4.5.1. Observed and modeled temperature at 2 meters above the 

ground at Hatteras (HSE), NC.  Forecast hours span 72 hours 
beginning at 0000Z (1900 LST) on August 1, 2000 and ending 
on August 4, 2000 at 0000Z (1900 LST).  Observed 
temperatures show diurnal variation unlike the modeled 
temperatures.   The closest modeled grid points appear to be 
located over water causing the lack of diurnal variation. 



 

 

189

76

78

80

82

84

86

88

0 10 20 30 40 50 60 70

MRH Observed and Modeled Temperature

Observed
Model Temp

Te
m

p 
(F

)

Hour  
 
Figure 4.5.2.  As in Figure 4.5.1 except for the Beaufort (MRH) station. 
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Figure 4.5.3. Normal probability distribution of observed and modeled air 

temperature at 2 meters above the ground at Burlington (BUY), 
NC.  The x-axis is scaled in probability (0 – 100%) and shows 
the percentage of the temperature values that are less than the 
given data point.  The y-axis displays the range of temperatures. 
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