
University of Nebraska - Lincoln University of Nebraska - Lincoln 

DigitalCommons@University of Nebraska - Lincoln DigitalCommons@University of Nebraska - Lincoln 

Papers in Natural Resources Natural Resources, School of 

2009 

Simulation of Boundary Layer Trajectory Dispersion Sensitivity to Simulation of Boundary Layer Trajectory Dispersion Sensitivity to 

Soil Moisture Conditions: MM5 and Noah-Based Investigation Soil Moisture Conditions: MM5 and Noah-Based Investigation 

Rezaul Mahmood 
University of Nebraska - Lincoln 

Follow this and additional works at: https://digitalcommons.unl.edu/natrespapers 

 Part of the Natural Resources and Conservation Commons, Natural Resources Management and 

Policy Commons, and the Other Environmental Sciences Commons 

Mahmood, Rezaul, "Simulation of Boundary Layer Trajectory Dispersion Sensitivity to Soil Moisture 
Conditions: MM5 and Noah-Based Investigation" (2009). Papers in Natural Resources. 1261. 
https://digitalcommons.unl.edu/natrespapers/1261 

This Article is brought to you for free and open access by the Natural Resources, School of at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Papers in Natural 
Resources by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 









Fig. 2. (a–f) Mean sea level pressure (mb) and surface wind field (m s�1) for June 11, 1200 Z (a), June 17, 1200 Z (b) and June 22, 1200 Z (c) from NARR data (left column) and from
MM5 initial conditions (right column, panels d–f).
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3. Results

3.1. Control runs

Fig. 3a–c shows the modeled horizontal and the vertical wind
component for June 12, 18, and 23 at 06:00 Z (it is a snap shot of
a particular time; i.e., at 18 h after initialization) respectively, for
a sub-region of the original computational domain for the CTRL runs.
On June 11–12, positive vertical velocities prevailed over northern
Kentucky on the eastern flank of a high pressure cell and were
associated with an eastbound frontal system. Vertical velocities in
that region were in excess of 30 cm s�1 and horizontal wind speeds
were about 8 m s�1. Low-level wind convergence (975 hPa) was co-
located with positive large vertical velocities aloft (about 650 hPa).
These levels were selected to highlight here and in the next sections
the link between low-level convergence and vertical velocity aloft.
On June 17–18, the modeled synoptic conditions remained almost
unchanged through the first 18 h of simulation. It was characterized
by a low-level convergence and large vertical velocities to the west of
Kentucky and in Missouri. Over Kentucky, northerly wind circulation
was tied to the large-scale high pressure system. On June 22–23, the
modeled fields were not very different from the initial conditions
over central Kentucky except to the east and to the west where areas
of positive vertical velocity were found. Everything else being equal,

we expected to obtain the model response from changing soil
moisture values by inspecting the differences between the CTRL runs
and the ensemble mean DRY and WET experiments.

3.2. Wind response for June 12, 18 and 23 (at hour 06:00 Z)

Fig. 4a–f shows the differences in horizontal wind vector field
for June 12, 18, and 23 at 06:00 Z at about 975 hPa between CTRL
runs and the average of the six experiments in each DRY and
WET categories. Previous hours are not included because of the
transient nature of the wind fields. Differences are zero by
design at initialization time for all experiments. The dates June
11–12, June 17–18, and June 22–23 in Fig. 4a–f are representative
of the last 6 h of the model simulation when the model differ-
ences did not grow quickly. The corresponding difference in
vertical wind velocity is shown for the same 650 hPa vertical
level as in Section 3.1. At this time, in all experiments, the most
visible differences in both the horizontal and the vertical wind
component occurred for regions where vertical velocities were
more prominent in the CTRL simulations (Fig. 3). Thus, the
effects of drying and moistening soil were not uniform over
the entire computational domain as can be clearly seen from the
horizontal patterns in the wind field and vertical velocity
response (Fig. 4a–f).

Fig. 3. (a–c) Horizontal vector wind field (m s�1) at 975 hPa and vertical wind component (cm s�1) at 650 hPa for June 11–12 (a), June 17–18 (b) and June 22–23 (c) for the CTRL
simulations.
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3.2.1. Wind response from DRY soil anomaly experiments (last 6 h
of simulation)

Fig. 4a for June 11–12 reveals areas of low-level horizontal
wind convergence (divergence) associated with increased
(decreased) upper-level vertical wind velocity over northeastern
portions of Kentucky. The same ‘spatial correlation’ between
convergence and positive vertical velocity is apparent in the
other two experiments for June 17–18 (Fig. 4b) and June 22–23
(Fig. 4c). Drying of soil moisture affected the sign and location of
vertical velocity changes in the three periods. During June 11–12,
there was an alternating type of pattern in vertical velocity over
the northeast portion of Kentucky due to shifting of the
convective centers of positive vertical velocities. These changes in

vertical velocity have induced large modifications in horizontal
wind over south central Kentucky and Tennessee up to 6 m s�1.
During June 17–18, most of the convective activities were located
to the west of Kentucky over Illinois and Missouri with wind
differences that reached up to 8 m s�1 (Fig. 4b). In the rest of the
domain, convergence was almost zero with a very uniform
southerly wind component of about 4 m s�1. This meant that the
original southerly wind in the DRY was increased with respect to
CTRL when the soil dried during this period. During June 22–23
larger vertical velocity differences were localized over Illinois and
Missouri and on the eastern edge of Kentucky bordering West
Virginia (Fig. 4c). Again, the same pattern of co-located conver-
gence with an increase in positive vertical velocity was found.

Fig. 4. (a–f) Horizontal and vertical wind field differences between CTRL and the mean of six DRY anomaly experiments (left column) and between CTRL and the mean of six WET
anomaly experiments (right column) for June 11–12 (panels a and d), June 17–18 (panels c and e) and June 22–23 (panels e and f) at hour 06:00 Z.
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Large horizontal wind differences in the order of 8 m s�1 were
found around location of convergence.

3.2.2. Wind response from WET soil anomaly experiments (last 6 h
of simulation)

During June 11–12 (Fig. 4d), vertical velocity pattern over
northeastern Kentucky was almost orthogonal to its DRY counter-
part (Fig. 4a). Hence, for this case the drying of soil moisture
resulted in a decrease of positive vertical velocities while wetting of
soil moisture increased vertical velocities through enhanced
convective instability. During June 17–18 (Fig. 4e) there was
a similarity of pattern in horizontal and vertical wind velocities
with its DRY counterpart (Fig. 4b). On the western part of the
domain, over Illinois and Missouri, the vertical velocity patterns
were shifted although they were not as orthogonal as on June 11–
12. During the June 22–23 WET case (Fig. 4f), the wind patterns
showed differences with respect to its DRY counterpart (Fig. 4c)
with smaller values of wind convergence and vertical velocities in
the eastern part of the domain except for a region in central Illinois
where the vertical wind patterns seemed to be orthogonal. The
response elsewhere in the domain seemed to be of the same sign as
in the DRY case. Wind fields differences over Kentucky were less
than 2 m s�1.

3.2.3. Wind response during June 11–12
Following up the discussion for June 11–12 where an almost

orthogonal pattern in vertical velocities was manifested between
the DRY and WET experiments over northern Kentucky, it was
useful to assess conditions an hour earlier when the differences
were evolving. Fig. 5a and b shows the DRY and WET differences for
June 12 05:00 Z. Over this region, the vertical velocity patterns were
orthogonal since in this case the DRY soil moisture experiment
induced a reduction in positive vertical velocity while the WET soil
moisture experiment induced an increase in positive vertical
velocity. At the same time, it was noted that there were large values
of divergence where there was a decrease in positive vertical
velocities and a very small divergence over the domain. Conversely,
there were large values of convergence when there was an increase
in positive vertical velocities. We noted, from the inspection of all
cases in Fig. 4a–e that when there was strong convergence and
vertical velocities were already developed, the response to soil
moisture seemed to be more sensitive. This characteristic in hori-
zontal wind field differences is what made the June 11–12 event
stand out from the other two cases. This behavior was potentially
connected to weak synoptic forcing where winds in the boundary

layer were not capable of advecting sufficient amount of heat away
horizontally from the domain. At the same time the atmosphere,
which is already unstable, and locally more influenced by the
changes in sensible and latent heat fluxes can modify the supply of
moisture to the atmosphere during convection.

Over the domain where precipitation activity or vertical
velocity differences were small, there was still a significant
response in the horizontal wind component of about 2 m s�1 in
magnitude with smaller changes in wind direction from the CTRL
(see Fig. 4a–e). This effect was significant from the point of view
of trajectory calculations since air particles will feel these
changes in an accumulative fashion as they traverse the
computational domain and thus this ‘‘non-local’’ effect becomes
important for the trajectory development. As we have seen very
clearly, lower-level convergence is co-located with increased
positive vertical velocities differences so it is possible that
ascending vertical motion is canceled by descending parcels. This
idea can be partially tested if the differences in domain average
CTRL minus DRY and CTRL minus WET vertical velocity are
plotted as a function of time at upper levels. Fig. 6 shows such
area averaged vertical velocity differences for June 11–12
(Fig. 6a), June 17–18 (Fig. 6b), and June 22–23 (Fig. 6c) at 650 mb.
Thin lines represent the CTRL minus DRY and the thick lines the
CTRL minus WET differences. For the June 11–12 period we saw
that the domain averaged vertical velocity peaks for June 12
00:00 Z at about 0.1 cm s�1 for both the DRY and WET simula-
tions. For June 17 and June 22 the domain average peak vertical
velocities were between 0.1 and 0.2 cm s�1. These values were
about 200 times smaller compared to typical local vertical
velocities differences of about 20 cm s�1 (see Fig. 4a–e). These
results suggest that differences in vertical velocities cancel each
other to a large extent. In summary, two changes could occur in
the wind field due to changes in soil moisture. First, vertical
velocities associated with an episode of well developed convec-
tion (such as the one for June 11–12) may change. Second, the
perturbation in vertical velocities may lead to changes in hori-
zontal wind field. Obviously, it could be concluded that these
changes in vertical and horizontal wind field would modify air
parcel trajectories.

3.3. Statistical results (for 18 and 24 h since initialization)

In this section, we examine the statistical measures of trajectory
that arise from comparing the differences between the CTRL
simulation and the DRY and WET anomalous soil moisture

Fig. 5. (a and b) Same as Fig. 3a except 1 h earlier.
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