
ASHU-ÜUNY V (31t)J4J/-tt'!90 LillO/ lO'S' *o.o** rivi 

A PQ sv^-n?.. ^n - Q ^ t ö 
REPORT DOCUMENTATION PAGE ftfw AnptVfttf 

Punt WDi» g ivfen tor «ik totemix» Wommtoii k MnM o «enge 1 »in ptr mronw. hclii«ng m um tor rtvMng inniucitor«. mielilng «kling *u nurcn. girtnng ind irahBIring ire tut needed, IM rtvMng ire 
irtwirm nl htwMihn MM wmt»i« »prUIng IN« h«»n MUM» rt »»im»! M|Mnlil* aitaitm H MwMitin hriuntig «igj»ihi» I« »HiringiNi Niriwn. n «taftlngnn HMUqwit« toniNi. ntarfii» nl IMMiMUm 
npnitiRIM hfinm. »K .hn»nmn iMik HtyMy. Mlngwi. vt rmumMHii» null» rt i*MM)MT»M«nn m«ig>t. fcpiw»» n»i»Krtnn HH|KIarrrMiM.Mk*Mng*<n. n t.mm 

1. ACENCY USE ONLY (Leaveblank) 3. HEP«! PAH  
31 July 1997 

1REP6RIIVPLANP PATES CMULU  
Final Technical Report: 1 Jui 93 ■ 30 Jun 97 

4. TITLE AND SUBTITLE 

Improved Representations of Cloud-scale Processes in 
meteorological forecast models 

6. AUTHORS 

Chris.I. Waloek, PI; Robert lar,ova77l (Ph.D. Student) 

7. PEnFOTlMINC onCANIÄTION 

State University of New York at Albany 
Atmospheric Sciences Research Center 
2b1 Fuller Rd., Albany, NY 12203 

9 RPONSORINR/HONITORING AGFNCY NAMF(S) AND ADnRFSS(FS) 

Air Force Office of Scientific Research 
110 Duncan Ave., Suite B115 
Boiling Air Force Base, Washington, D. C. ?033J>-000 

(\Of^ 

b.l-UNUINÜNUMbtHS 

AFOSR: G 
#F49620-93-1-0392 

■ PfflWBHIHaflHflAlill/AllflH  
REPORT NUMBER 

Final Technical Report 
Grant 320-2467A 

10 SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a DISTRIBUTION AYAILABIUTY STATEMENT 

APProved for pu^ic «1—•> 
Strömt« «li-lt**- 

A 997 A 204 M 
Unlimited 

13.ABSIHACI (Maximum mworäs) 

The functional relationship between cloud cover and relative humidity (Rh) averaged over areas 
comparaoie to gno dimensions of numerical weather models was quantified using RTNEPH and 3DNEPH 
observations. Cloud cover In any atmospheric level decreases exponentially as layer-averaged Rh falls 
below 100%, and no observations support "critical nhsM below which cloud cover Is zero. Small cloud 
amounts occur at all Rhs. Therefore, current weather models probably underestimate cloud coverage, 
especially at Rhs below the "critical" humidities used by most models. At the same Rh, convection 
enhances cloud coverage in me uppenropospnere. and decreases cloud coverage in the lower 
troposphere. Student Robert lacovazzl developed a simplified and Innovative mass-flux convectlve 
parameterization that was evaluated using atmospheric radon profiles, and was also used to simulate the 
redistribution of heat and moisture by combining the approach of stochastic mixing with detraining 
plumes. A public-domain cloud resolving model (ARPS) was used to further refine the 1-D 
parameterization. Both me cloud resolving models and the convectlve parameterization were evaluated 
using GATE observations. However the ARPS model employs an advectlon algorithm that does not 
conserve water mass, making It unreliable to use for refining cloud parameterlzatlons. 

14. SUBJECT TERMS 

Cloud coverage; RTNEPH; 3DNEPH; Convection 

TrrmRTTYTTranmrai  
OFRFPORT 

unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

unclassified 

ItfSFfllHIIVfflAkWili™  
OF ARSTRACT 

unclassified 

IS.WJMBETlÖF'PAÖEä  
8 (appendices add'i) 

16. HÖRE BALötMbV 

JO  I IMITATION OF 
ARSTRArr 

UL 
Standard Form MS (Re*. 2-M) (ES) 
FrwonbtdbvANSI Std. »5.1! 
D~i?i«4 kyKiVm Pr., WHOOIOn, O« <M 

OTIC QUALITY INSPECTED $ 



Final Technical Report 

Improved Representations of Cloud-scale Processes in 
meteorological forecast models 

Air Force Office of Scientific Research Grant # F49620-93-1-0392 

July 1993 - June 1997 

Prepared for: 

Major James Kroll, Program Manager 
Air Force Office of Scientific Research 

110 Duncan Ave., Suite Bl 15 
Boiling Air Force Base 

Washington, D. C. 20332-0001 

Prepared by: 

Chris J. Walcek, Principal Investigator 
Robert Iacovazzi Jr., supported Graduate Student 

Atmospheric Sciences Research Center 
State University of New York at Albany 

251 Fuller Rd. 
Albany, NY 12203 

(518)437-8720 

31 July 1997 



Project Goals: The primary goals of this research effort were to study and improve cloud 

and convective parameterizations used by meteorology models under the hypothesis that simplified 

numerical representations of clouds may introduce considerable uncertainties in weather forecasts. 

To achieve this goal, we used the Air Force 3DNEPH and RTNEPH cloud archives to examine the 

relationships between standard meteorology parameters and cloud cover, and we developed and 

tested an innovative convective parameterization that treats clouds as detraining ensembles of 

buoyant plumes, conveying mass from the lower troposphere to the middle and upper troposphere. 

These parameterizations allow for an improved numerical treatment of microphysical processes in 

meteorology models. Cloud cover and convective parameterizations were tested against Air Force 

cloud cover observations and GATE tropical observations. A sophisticated, two dimensional 

cloud-resolving model was used to further refine and evaluate the convection parameterization. 

1. Abstract of Research findings: AASERT student augmentation: 7/93 - 6/97 

During this 4-year research effort, graduate student Robert Iacovazzi (Bob) was trained in 

the area of cloud parameterization within numerical meteorology models. During the early years, 

Bob performed an extensive review of cumulus parameterization literature and developed a 

simplified and innovative 1-dimensional model that was tuned to atmospheric radon profiles. 

Radon is an ideal tracer of convective motions since it is emitted at the Earth's surface, and decays 

with a 5.5 day e-folding time, long enough so that an appreciable vertical gradient of this tracer is 

usually present in the atmosphere, but the gradient is strongly regulated by the intensity of 

primarily convective mixing in the middle and upper troposphere. During the middle of this 

research effort, the convective mixing model was extended to treat redistribution of heat and 

moisture by combining the approach of stochastic mixing (Raymond and Blyth, 1986) with 

detraining plumes (Walcek et al., 1994). At this phase, Bob obtained and began testing two multi- 

dimensional cloud resolving models (Aleksic et al., 1992; and the ARPS model [Xue et al., 1995]) 

for use as tools in further refining the 1-D parameterization. Both the cloud resolving models and 

the convective parameterization were initially tested using GATE Phase m convective 

observations. Bob passed his Ph. D. qualifying examination, and prepared a thesis proposal that 
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Fig. 1: Water mass error during a simulation of a hot bubble in a conditionally unstable environment using the 
ARPS (Xue et al., 1995) convective cloud model. At end of 1 1/2 hours, total water mass in the domain is higher by 

~20%, primarily due to incorrect advection of falling precipitation. 

was submitted and approved by a dissertation committee of five faculty members of the Department 

of Atmospheric Sciences in 1996. Unfortunately both high-resolution cloud models that Bob was 

planning to use for his research efforts were found to employ advection algorithms that did not 

conserve water mass, as shown in Fig. 1. Therefore these modeling tools were deemed unreliable 

to use as tools to further refine a simplified convective parameterization, for which mass 

conservation is essential. Removing these errors from the models would entail considerable time 

and efforts that would not further the goals of his Ph. D. During the frustrating phases of 

discovering these problems with public-domain cloud models, Bob received a professional job 

offer from a NASA research contractor, and for a combination of personal and professional 

reasons, Bob accepted the professional research position, postponing the progress towards the 

completion of his Ph. D. indefinitely. 

The findings of this research effort complement the original parent Air Force research 

project. The goal of the parent award was to utilize satellite and surface-derived cloud observations 

together with standard meteorological measurements to evaluate and improve our ability to 

accurately diagnose and forecast cloud coverage. A major finding of this research effort was a 



determination of the functional relationship between cloud cover and relative 

humidity. Cloud cover in any atmospheric level decreases exponentially as the layer-averaged 

relative humidity falls below 100%. This study provides one of the few observationally-derived 

functional relationships for estimating cloud cover from relative humidity. Previous assumed 

relationships were based largely on ad hoc assumptions or extremely sparse observations, and thus 

varied widely from simple "step function", on/off formulations, to more elaborate linear or 

quadratic approximations. Nearly all previous cloud cover algorithms assume that mesoscale cloud 

cover disappeared when relative humidities fell below "critical relative humidities" in the 60-90% 

range. We found no observational support for this assumption, and our findings suggest that small 

cloud amounts occur at nearly all relative humidities. These results suggest that current 

meteorology and climate models probably underestimate the presence of clouds, especially at 

humidities below the "critical" humidities used by most models. 

We also discovered that for the same relative humidities, convection tends to enhance cloud 

coverage in the upper troposphere, and decrease cloud coverage in the lower troposphere 

presumably due to the effects of cumulus-induced subsidence. We have developed an innovative 

mass-flux convective parameterization for calculating convective tendencies of heat and 

moisture to quantify the influence of convection on cloud cover. This work was initiated under 

sponsorship of this grant, and continues with support from an AASERT augmentation award and 

other granting agencies. 

2. Project summary 

As part of the modeling efforts that have been successfully accomplished, a paper 

concerning the regulation of convective activity by mid-tropospheric relative humidity has been 

written for, and was presented at the 12th International Conference on Clouds and Precipitation 

(Aleksic et. al., 1996). In this paper, it is discovered that significantly lowering relative humidity in 

the initial sounding above the surface layer can severely attenuate convective response, as shown in 

Fig. 2, which shows the redistribution of a water-like tracer within one convective "bubble" in a 

conditionally unstable environment typical of the tropical Atlantic (GATE). This figure was 
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Figure 2: Two-hour, horizontal-domain-average concentration changes of an inert tracer 

that is assigned a non-zero value at the beginning of model simulations only inside of the 

initialized convective bubble, which is 2 km deep and centered at .8 km. In these two cases, 

the convective cloud grows into a moist (solid curve) and dry (dotted curve) atmosphere. 



generated by using either the observed atmospheric humidity profile, where the Rh averaged in the 

layer from 800 - 500 mb was about 80%, and another simulation where the initial Rh in this layer 

was reduced to 50%. It is clearly evident that mid-tropospheric Rh strongly regulates convective 

mixing, but the converse also is shown: that convection strongly influences the Rh of the middle 

and upper troposphere. 

As an extension to the preliminary research described above, Bob began investigating the 

attenuation of simulated convection in terms of parameters characterizing the states of the ambient 

environment and convective updrafts. Parameters associated with the ambient environment include 

convective available potential energy (CAPE), bulk Richardson number, mid-tropospheric 

subsaturation mixing ratio, and vertical wind shear. Properties of cumulus updrafts considered 

include average buoyancy, turbulence energy, and vertical velocity. The attenuation of simulated 

convective activity can be characterized in a simple 1-D parameterization using a fractional 

detrainment of undiluted cumulus mass flux described by Walcek et. al. (1994). It is hoped that a 

high-resolution explicit cloud model could provide a more empirical definition of undiluted 

cumulus mass flux fractional detrainment, which in turn can be used to make the cumulus 

parameterization more flexible and accurate. 

Using GATE observations, the relationship between convective intensity and CAPE or 

mid-tropospheric average subsaturation mixing ratio and vertical wind shear in GATE Phase IE 

was extensively explored. This study was initiated with the observation that considerable changes 

of convective intensity are found in the GATE Phase HI dataset, even though these same data 

indicate that CAPE is always greater than 1100 J/kg and vertical temperature structure remains 

nearly unchanged. With research, it has been discovered that mid-tropospheric average 

subsaturation mixing ratio and vertical wind shear can be used together with CAPE to predict 

GATE Phase HI convective intensity during periods when the data indicate a diminutive 

atmospheric capacity to organize convective. This results is shown in Figure 3, where rainfall rate 

and convective penetration factor (CPF), a parameter inversely related to a product of mid- 

tropospheric average subsaturation mixing ratio and vertical wind shear, have a linear correlation 



coefficient of -0.74 for cases when the GATE Phase HI data are characterized by above median 

bulk Richardson number. Also found in this study is that, when precipitation rate data are 

segregated into median-divided subregions of CAPE and CPF parameter space, then averaged in 

each subregion, two major convective intensity regimes become evident: 1) a regime of relatively 

weak convective intensity associated with above median CAPE and below median CPF values; and 

2) a regime of relatively strong convective intensity associated with below median CAPE and 

above median CPF values. This is shown in Figure 4. Also, with evidence from two simple case 

studies of convective outbreaks, the occurrence of these two major convective regimes in the 

GATE Phase in region is attributed to regulation of the magnitude of CAPE, which arises in 

response to opposing lower-tropospheric, convection-driven and surface-based, evaporation- 

driven moisture fluxes. 

Results of the final stages of this research effort have been summarized in publications that 

are a part of the Forth International Cloud Modeling Workshop (organized by the WMO) and the 

12th International Conference on Clouds and Precipitation (publications attached as an appendix to 

this report). At the cloud modeling workshop, the cloud resolving model was used to simulate the 

formation of intense precipitation and hail in Colorado. The results of our cloud models were 

compared and contrasted with other cloud models, and results of all cloud models was compared 

with several convective parameterizations. 

3. Presentations and publications partially supported by this AFOSR: 

In past annual progress reports, hard copies of all of these papers have been provided. Here only 
the papers appearing in the final year of the research effort are included with this report. If the 
reader is interested in obtaining hard copies of any of the papers below, please contact the project 
PI (address & phone on report face page). 
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Figure 3: GATE Phase III precipitation rate data plotted versus corrective penetration 

factor (CPF) for bulk Richardson number greater than the dataset median value of 219.4. The 

straight lines and their associated equations and correlation coefficients are products of 

linear regression analyses. 
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Figure 4: CAPE and CPF parameter space sub regions for for air GATE Phase III data. The 

sub regions are divided by CAPE and CPF medians of 1788.8 J/kg and 1.175, respectively. 

Within each sub region, the integer represents the number of GATE Phase III hour-average 

precipitation observations accounted for in the sub region and the precipitation rate is the sub 

region average. Also, the percent denotes the sub region percent frequency of observations. 
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