
Figure 1. Deviation of static en-
ergy (s=cpT+gz) from mesonet 
mean (location of cold pool) over-
laid with gridded hourly precipita-
tion amount contours. 

Figure 2. Divergence  overlaid  
with  gridded hourly precipitation 
amount.
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Mesoanalysis of the Interactions of Precipitating Convection and the Boundary Layer
Ruiyu Sun, Steven K. Krueger, Yaping Li, and Michael A. Zulauf, University of Utah, Salt Lake City, UT

Both Oklahoma Mesonet observational data and results of two CRM simulations suggest that it is 
possible to estimate cloud-base mass fluxes from surface divergence field. The RMS errors of es-
timated Mc,u and Mc,d are 0.0097 m s-1 and 0.0086 m s-1 in the KWAJEX CRM simulation, and 
0.0195 m s-1  and 0.0197 m s-1 in the 2D ARM case 3 simulation. 

The observational data show that the maximum correlation of Mu and precipitation occurs about 
0.5 h before the precipitation peak while the maximum correlation of Md and precipitation occurs 
about an hour after the precipitation peak. The correlations of precipitation with Mu

+ and Md
+ are 

larger than those with Mu and Md.

The maximum correlations between P and Mu and Md occurred at zero lag in KWAJEX. In ARM 
case 3 simulation, the maximum correlations between Mc,u and Mc,d with Md, Md+, Mu, and Mu+ 
occurred about an hour after the peak cloud mass fluxes. Surface divergence (convergence) cor-
relates slightly better with Mc,d  than with  Mc,u. 
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The boundary layer wind and thermodynamic fields contain a 
great deal of information about convective cloud systems 
(see Figures 1 and 2).The existing observational systems at 
the ARM Southern Great Plains (SGP) Atmospheric Climate 
Research Facility (ACRF) can be used to provide an exten-
sive statistical characterization of updrafts and downdrafts in 
convective cloud systems. We are producing several data-
sets that should be useful for quantifying the characteristics 
of precipitating convection over land and the effects of the 
convection on the boundary layer.  Such datasets can be 
used for many purposes, including evaluating cumulus pa-
rameterizations in global and mesoscale models, and for 
evaluating cloud-system resolving models. 

This poster shows our preliminary results about how to esti-
mate the mesonet-averaged cloud-base updraft and down-
draft mass fluxes from the surface divergence field and the 
evaluation of this method using a 3D CRM simulation of mari-
time tropic convective cloud systems observed during KWA-
JEX and a 2D CRM simulation of convective systems ob-
served during ARM July 1997 IOP.

Introduction

Figure 4.  Divergence with colored triangles (values are 
shown in units of 10-5 s-1) at 13 UTC on May 10, 1997

The remaining time series are obtained from the Oklahoma Mesonet dataset. We
will characterize precipitating convection in two basic ways. One is by the spatial
variability that it produces in the surface T , q, u, and v fields. Specifically, we
calculate the time series (hourly averages) of the spatial variances of dry static energy
s = cpT + gz, water vapor mixing ratio, q, moist static energy, h = c + Lq, and wind
speed, V = (u2 + v2)1/2.

The other is by the divergent and convergent circulations produced by the con-
vection that penetrate to the surface and are resolved by the mesonet. For this
purpose, we calculate the divergence field from the mesonet wind field using the
triangle method (DuBois and Spencer 2005, Davies-Jones1993).

We define

Mu ≡
∑

i Ai diviH(−divi)∑
i Ai

,

and

Md ≡
∑

i Ai diviH(divi)∑
i Ai

,

where divi is the horizontal divergence of the ith triangle, which has area Ai, and
H(x) is the Heaviside step function. Mu and Md become approximately equal to the
cloud base updraft and downdraft mass fluxes resolved by the mesonet, respectively,
when multiplied by ρMhb, where ρM is the mean density of the subcloud layer and
hb is the thickness of the subcloud layer (i.e., height of cloud base above surface).

3.1 Variance adjustments

The spatial variances of s, q, and h contain significant geographical contributions
in addition to those produced by convection. To the extent that the geographical
contributions depend only upon location and time of day, we can remove these con-
tributions by adjusting each station’s measured value by an offset that depends only
upon the station and the time of day. The offsets can be determined from the station
climatologies.

4 Stage 2 analyses: Correlations

We calculate correlations (for a range of time lags) between the various time series
to determine their temporal relationships. It is easy to prove that if the convective
perturbations are not correlated with the geographic variations, then the correlations
calculated using the unadjusted mesonet time series of s, q, and h will not be affected
by the geographical contributions to variance.
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Evaluation of the ‘Retrieval’ Method Using Model 
Simulation Data

Method of Analysis and Preliminary Results

Figure 5.  Divergence with colored triangles (values are 
shown in units of 10-5 s-1) overlaid with precipitation rate 
contour (2 mm hr-1 ) at 11 UTC on May 25, 1997

Divergence Calculation

 In Figures 2 and 3, each triangle is 
colored according to its divergence 
value. We define Mu and Md, where 
divi is the horizontal divergence of the 
ith triangle, which has area Ai, and 
H(x) is the Heaviside step function, as 

Figure 6.  Lagged correlations of gridded hourly pre-
cipitation rate (P) and Mu, Md, Mu+, Md+, and stan-
dard deviations of wind speed and moist static en-
ergy (MSE) for May-August 1997

3D KWAJEX CRM Simulation

The 3D simulation was performed with the UU 
LES with a horizontal grid size of 1 km and a 
horizontal domain size of 128 km by 128 km.  
Both cloud updraft (Mc,u) and downdraft (Mc,d) 
mass fluxes are calculated at 1050 m. Two dif-
ferent methods are used to calculate divi for 
each 32-km square. In the first method, u and 
v at all the points on the boundary of the 32-
km square are used to calculate the true value 
of divi for the square. In the second method, 
only u and v at the four corners of the 32-km 
square (representing mesonet stations) are 
used to estimate divi. Mu and Md calculated 
using the first method are called true Mu and 
Md (Mu true and Md true). Mu and Md calculated 
by using the second method are called meso 
Mu and Md (Mu meso and Md meso). 

Figure 8.  Mc,u (m s-1) versus Mu true (black stars) 
and Mu meso (red crosses). Black lines are line fits 
of Mc,u and Mu true and Mu meso. The correlations of 
Mc,u  and Mu true and Mu meso  are 0.82 and 0.79.

Figure 7. Mc,d (m s-1) versus Md true (black 
stars) and Md meso (red crosses). Black lines are 
line fits of Mc,d and Md true and Md meso. The 
correlations of Mc,d  and Md true and Md meso  are 
0.90 and 0.89.

Figure 9. Time series of Mc,u (black solid line) and Mc,d (red 
solid line) at 1050 m AGL and Mc,u estimated using Mu meso 
(black dashed line) and Mc,d estimated using Md meso (red 
dashed line).

Figure 10.  Lagged correlations of P 
with Mc,u , Mc,d , Mu, and Md for the 
KWAJEX simulation.

2D ARM Case 3 CRM Simulation

The 2D ARM case 3 simulation was performed by Xu et al. 
(2002). The cloud mass fluxes are calculated at 3 km  AGL. 

Data Sources 

We are using two observational datasets. One contains hourly 
accumulated precipitation amounts gridded in the HRAP coor-
dinates system with a grid size of approximately 4 km. The 
second is the Oklahoma Mesonet surface data. It includes 
standard surface meteorological measurements that are aver-
aged over 5-minute intervals. At this time, we are analyzing 
two time periods: May-August 1997 and 2000. The averaged 
distance between stations is 
about 40 km.

Figure 3.  The analysis domain. Grid 
points of gridded hourly precipitation 
amount data (dots), locations of Okla-
homa Mesonet stations(red +), and 
SGP SCM domain  (blue stars)

Lagged Correlations of Pcp Rate (P) 
and  Mu, Md, MSE s.d., and Wind Speed 

s.d.
Figure 6 shows that (1) Md, Mu, Mu+ , and 
Md+ are correlated with P, (2) Mu+ and Md+ 
are better correlated with P than are Mu 
and Md, and (3) Md and Md+ lag P and Mu 
and Mu+ by about 1 h. These features 
suggest that it is possible to retrieve 
cloud–base mass fluxes from surface di-
vergence and other properties.

Mu and Md are typically nonzero due 
to convective boundary layer circula-
tions even when there is no precipitat-
ing convection (Figure 4). Therefore, 
we also define Mu+ , the mesonet sur-
face divergence averaged over re-
gions of convergence > 10−4 s−1, and 
Md+ , the mesonet surface divergence 
averaged over regions of divergence > 
10−4 s−1 (Figure 5).

Figure 11.  Correlations of Mc,u with 
Mu, Mc,d with Mu, Mc,u with Mu+  and 
Mc,d with .Mu+

Figure 12. Correlations of Mc,u with 
Md, Mc,d with Md, Mc,u with Md+  and 
Mc,d with Md+.

Figure 13.  Time se-
ries of Mc,u (black 
solid) at 3020 m AGL 
and its estimate us-
i n g M u + ( b l u e 
dashed)

Figure 14. Time se-
ries of Mc,d (black 
solid) at 3020 m AGL 
and its estimate us-
ing Md+ (blue dashed)

Conclusions:


