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l. INTRODUCTION

The Universty of Oklahoma (OU) and NOAA edablished the Cooperative Inditute for
Mesoscale Meteorological Studies (CIMMYS) in 1978, Through mid-1995, CIMMS promoted
cooperation and collaboration on problems of mutua interet among research scientigts in the
NOAA Environmentd Research Laboratories (ERL) Nationd Severe Storms Laboratory
(NSSL), and faculty, postdoctoral scientists, and students in the School of Meteorology and other
academic departments at OU.

The Memorandum of Agreement (MOA) between OU and NOAA that established CIMMS was
updated in mid-1995 to aso include the Nationad Wesather Service (NWS). This expanded the
forma OU/NOAA collaboration to the Radar Operations Center (ROC) for the WSR-88D
(NEXRAD) Program, the NCEP (Nationd Centers for Environmenta Prediction) Storm
Prediction Center (SPC), and our local NWS Forecast Office, dl located on the OU campus in
Norman, Oklahoma.

Management of the NSSL came under the auspices of the NOAA Office of Atmospheric
Research (OAR) in 1999. The Norman NOAA groups at that time became known as the NOAA
Wesether Partners.

In the new five-year cooperative agreement that recently took effect on July 1, 2001,
NOAA/NESDIS, and specificaly its Nationd Climatic Data Center, became a forma CIMMS
patner to work on problems of climae change monitoring and detection, which is a new gxth
CIMMS research theme. In addition, the NWS Southern Region Headquarters (SRH) and the
NWS Warning Decison Training Branch (WDTB) became CIMMS partners on July 1, 2001 to
work on problems of mutud interest related primarily to forecast and warning improvements.

Through CIMMS, OU faculty and NOAA OAR/NWSNESDIS scientists collaborate on research
supported by NOAA programs and Bboratories as wel as other agencies such as the Nationd
Science Foundation (NSF), the U.S. Depatment of Energy (DOE), the Federal Aviation
Adminigration (FAA), and the Nationd Aeronautics and Space Adminigtration (NASA).

The period of this report covers the trangtion between the five-year cooperative agreement
between OU and NOAA for CIMMS funding that spanned July 1, 1996 through June 30, 2001



and the new cooperative agreement that spans the period July 1, 2001 through June 30, 2006.
Under these agreements, CIMMS concentrates its efforts and resources on the following
principd research themes, the sxth of which pertains to the new period: (1) basc convective
and mesoscae research, (2) forecast improvements, (3) climate effects of/controls on mesoscae
processes, (4) socioeconomic impacts of mesoscae weather systems and regiond-scde climate
vaiations, (5 Doppler weather radar research and development, and (6) climate change
monitoring and detection.

This document describes the significant research progress made by CIMMS scientists at OU and
detailed to our cooperative NOAA units during fiscd year 2001 (July 1, 2000 through June 30,
2001) and presents research plans for fiscal year 2002 (July 1, 2001 through June 30, 2002), and
as such represents the fifth annua report of five written for the recently expired cooperdive
agreement. A find report for that entire five-year period will be produced on September 30,
2002. Also on that date, the first annua report for the new cooperative period will be published.

. RESEARCH PROGRESS AND PLANS

1. Basic Convective and M esoscale Resear ch

Progress- FYOl1

Parameterization of Cloud Microphysics and Radiation (Contributors: CIMMS Cloud Physics
Group, led by Y. Kogan)

The work on an integra moment microphysics parameterization for dratiform clouds has
continued. New formulaions of drop activation, CCN regeneration, as wel as coagulaion
processes, have been implemented into the CIMMS LES modd. A series of experiments has
been performed to evauate the accuracy of each individud process formuletion, including drop
activation, regeneration and condensation/evaporation. Based on these experiments, the existing
formulations were condderably refined and improved. The man focus now is on the teding of
the coagulation formulation within the entire 3D LES dynamicd framework. Once the
development of the whole parameterization is complete, it will provide a new and powerful tool
to formulate cloud physcs processes in numericd forecat modes. An especidly vauable
feature of the new parameterization is its use of directly observable variables such as radar
reflectivity. These radar reflectivity values can be obtained from 24-hour routine millimeter
cloud radar (MMCR) observations at the ARM Program Southern Great Plains (SGP) site.

The prediction of cloud microstructure in NWP modes is of paramount importance to accurate
weather and precipitation forecasts. We continued the analyss of the feedbacks between
precipitation, boundary layer thermodynamicd parameters and surface winds in defining the
cloud microgructure. In a series of LES experiments it was found that surface winds affect the
gratocumulus drop concentration in a complex way, involving many feedbacks between the
intengty of boundary layer turbulence, drizzle, total concentration and shape of the background
CCN sulfate spectra. Modd smulations showed that the total background sulfate concentration
does not uniquely define the effect of surface winds. An accurate formulation of this effect



should account for the shape of the background sulfate spectrum; in particular, it is important to
account for the number concentration of Aitken nucle in the radius range from 0.04 mto 0.1 m
The latter are activated at supersaturation in the range 0 — 0.2%, which is the prevailing range of
occurrence in  dratocumulus-topped marine boundary layers characterized by moderate
turbulence. The effect of surface winds on cloud microstructure was described in a M.Sc. thess
written by an OU graduate dudent. The major findings of the research were presented at the 13
Internationa Conference on Clouds and Precipitation.

The Statistical Formulations of Cloud Parameters over the Southern Great Plains
(Contributors: CIMMS Cloud Physics Group, led by Y. Kogan)

Lack of data on cloud varigbility is the main reason why most current models consider clouds as
plane-pardld, horizontaly homogeneous combinaions of cloudy and clear portions defined by
cloud fraction. Unique information on cloud vaiability can be obtaned usng daa from
profiling observationa indruments, in particula usng cdoud reflectivity data from the ARM
Progran MMCR. The cloud inhomogeneity may be described in terms of probability distribution
functions (PDFs) and dominant scales of the wavenumber spectra, as wedl as employing scae
invariance andyss. The latter has been widely used over the last few decades to study turbulent
flows, including atmospheric turbulence.

We andyzed the usefulness of various datisticd tools in describing doud inhomogenety. The
PDFs provide the sub-grid information on cloud parameters and are an important part of cloud
physcs and radiaive parameterizations in meso- and large-scale models.  Spectrd and scde
invariance andyses ae additiond tools to characterize cloud internd dsructure. The spectrd
andlyss locates the dominant wavenumbers, while the scale invariance andyss determines the
upper and lower scdes that bound scale-invariant regimes of the flow. By combining spectrd
and scde invariance andyss we can classfy amospheric datasets within the scae-invariant
range scde as ddionay or nondationary. The dationarity is fundamental for obtaining
meaningful gpatia datidics. It indicates the minima length and resolution of datasets that is
needed to obtan rdidble daisics Many commonly used datisticad procedures produce
ambiguous or even meaningless results for nongtationary datasets.

We peformed a preiminay datisticad andyss of two cloud systems, representing a low and a
mid-level stratocumulus cloud layer, observed over the ARM SGP site on 2 December 2000 and
16 May 2000, respectively. The low stratus layer was capped by a strong inverson at 1200-1300
m with a temperaiure jump of 7-13° C. The rather smal values of radar reflectivity Z with
maximum less than —10 dBZ within the layer indicae the absence of dgnificant drizzle
Therefore, the variability of Z reflects mos likdy the variability of surface fluxes and
inhomogeneity in convective organizetion, rather than drizzle patchiness. In this case, the PDFs
are broader at cloud top and more uniform at cloud base.

The 16 May 2000 case represented a powerful ato-stratocumulus cloud sysem spanning in
height from 5.5 to aout 11 km. The system developed dightly ahead of a warm front and lasted
for one and a hdf days, producing showers on the second day. The maximum radar reflectivities
(@bout 10 dBZ) ae neaxr cloud base indicating accumulation of drizzle, athough the drizzle
drops were not large enough to reach the ground. Plots of PDFs show broader distributions at



cloud base compared to cloud top. The width of the digribution and its shape has important
implications for determining cloud microphysical and radiative properties. For instance, a more
homogeneous field of cloud reflectivity near cloud top (represented by a narrow PDF) will result
in amore homogeneous cloud reflectance fidd.

In addition to the MMCR data, the one km resolution AVHRR satellite reflectance fidd for the
low gratocumulus case observed on 2 December 2000 was andyzed to compare the dominant
scdes of vaidbility for radar reflectivity and satdlite reflectance fidds. A prdiminay Fourier
andyss indicates that both fidds have mgor common varigbility features, demondrating
congruence between surface and satdllite observationd anayses.

The Effects of Horizontal Radiative Transport on Cloud Thermodynamical Evolution
(Contributors: CIMMS Cloud Physics Group, led by Y. Kogan)

This project is a collaborative effort between CIMMS and scientists from Horida State
University (Bob Ellingson), Los Alamos Nationd Laboratory (Anthony Davis), and NASA (Bob
Cahdan). CIMMS <ctientigts funded by the ARM Program will link a 3D longwave radiative
code developed at FSU with the CIMMS LES modd. The objective of the sudy is to investigate
the 3D radiation effects on cloud layer dynamics and boundary layer evolution and to evauate
the potentid and limitations of the commonly used two-stream delta gpproximation for radiative
trandfer models. At present, we have performed a set of timing tests with the FSU 3D longwave
radiative code usng CIMMS worksations. The concluson so far is that the computer time to
run the 3D code is prohibitively large and makes the runs with the combined mode mpractica.
In the coming months, we plan to have an Internet teleconference with al colleagues involved in
the project and discuss other modes avalable for solving the problem. It is hoped that the
discusson will evauae current, state of the science radiative tools that are practica to use to
achieve the objective of the project.

Mesoscale Dynamics (Contributors: Xu et al.)

A spectrd modd was deveoped to study the dability and ingability of barodlinicaly sheared
flows in three-dimensona space in the presence of diffusivity. This modd was used to search
for ungtable modes over wide ranges of wavelengths (from mesoscale to synoptic scae) and dll
possble orientations. It is found that in the presence of moderae diffusivity, the most ungable
mode changes gradudly from a nearly symmetric-type to nearly baroclinic-type as the basic state
Richardson number increases (and thus the basc date became less ungable). This fills the gap
between the two dassc indabilities the baroclinic ingability and the symmetric indahility,
ranging from synoptic scae to the mesoscae.

Mesoscale Data Analysis and Data Assimilation (Contributors: Xu et al.)

Doppler radar data assmilation (in collaboration with scientists a2 NSSL, CAPS, Navd
Research Lab — NRL — and Lockheed-Martin). Because the NEXRAD radar network provides
only sngle-Doppler scanning over most aress in the U. S, research efforts have been undertaken
to devdop various methods for meteorologica parameter retrievas from single-Doppler
observaions. These previous efforts, however, were focused mainly on retrievas with no




background information. To optimdly use the background fidd provided by high-resolution
model forecadts, basic research was conducted to examine (i) how the previous retrievd methods
should be upgraded in consgency with the generd formulaion derived for the conditiond
maximum likelihood esimate based on theoreticd consderations, and (i) how the theoreticd
formulations should be smplified under certan assumptions to make the andyses and related
computations feasble. Along with these studies, prototype 3.5d0VAR and smple-adjoint 4dVAR
(MAdVAR) packages were developed for Doppler radar data assmilation in combination with
other observations. The packages were tested with NEXRAD and SPY1 radar data for severd
cases. The results were very encouraging and reported at AM S conferences.

Satidicd andyss of innovation vectors (in collaboration with scientists a& NSSL and NRL).
The datidica technique of innoveation (observation minus forecast) andyss was further
improved and gpplied to both height and wind innovation data collected for each season from the
Navy Operationa Globa Atmospheric Prediction System (NOGAPS). The mgor products of the
andysis include (i) observaion error variances and veticd corrdations, (ii) forecast error
variances and corrdaions in three-dimensonal space and their spectra as functions of pressure
levels and horizontal wavenumber, and (iii) forecast error geostrophy measured, at each pressure
levd and horizontal wavenumber, by the ratio between the geopotentid-streamfunction cross
covariance spectrum and the stresmfunction power spectrum.

Usng GOES sadlite data to improve cloud andyss and forecads (in collaboration with
scientists a NSSL and NRL). The 3D cloud andyss package was further developed to utilize
both radar and GOES satellite observation with background fields generated by the Navy's
Coupled OcearVAtmospheric Mesoscde Prediction System (COAMPS). The package was
ddivered to NRL Monterey and tested successfully for operatiiona nowcast gpplications. The
package was aso used to initidize the COAMPS cloud and moigture fields for severa squal line
cases. The forecasts were verified against GOES images, NEXRAD radar images, and the
products of the National Precipitation Andyss for squdl line cases. The results showed postive
impacts on short-term forecasts.

Further _improving and tedting COAMPS oil-vegetation physcs usng ARM daa (in
collaboration with scientists a8 NSSL and NRL). The soil-vegetation physics based on Noilhan
was upgraded by introducing a skin layer. The upgraded physics was tested with ARM data for
two (wet and dry) periods and showed improvements in soil water content and soil temperature
predictions. The upgraded physics was adso coded into the Navy's COAMPS and ddivered to
NRL Monterey for further tests under operationa conditions.

Duct parameter data assmilation (in collaboration with scientists a& NSSL, NRL and U.S. Navy).
Low-dtitude radar eectromagnetic (EM) propagation can be strongly affected by the presence of
surface-based and devated ducts formed by capping inversons in the amospheric boundary
layer. In the presence of an inverson, the refractivity profile is often characterized as being tri-
linear, and is determined by three key variadbles the base height, the intensty, and the thickness
of the inverson. To edimate these duct variables for inverson layers detected from radiosonde
observations and/or model forecasts, a 2dVAR package was developed. The error datigtics
required by the 2dVAR were esimated from the innovations (observations minus forecasts)
obtained from the Vaiability of Coastd Atmospheric Refractivity (VOCAR) fidd experiment.




This 2dVAR may open a new pah for boundary layer data assmilation in which vertica phase
errors can be corrected based on the analyzed inversion base height field.

Vertical Profiles of the Electric Field in Severe Storms During the Severe Thunderstorm
Electrification and Precipitation Study (STEPS) and in Mesoscale Convective Systems
(Contributors: Rust, MacGorman et al.)

Our god in STEPS (conducted on the High Plains during May-July 2000) was to determine the
electrical structure of the observed storms, and to improve understanding of eectrification and of
unusud lightning, such as doud-to-ground flashes that lower postive charge to ground. We
obtained soundings of one tornadic supercell storm, a non-tornadic strong supercedl storm, a
margind supercdl storm, a mesoscale convective system, and smaller, less severe storms on
roughly ten days. A totd of gpproximaidy 20 ussful soundings were obtained. The anadyss is
dill underway and we are now just beginning to get results. However, we (in collaboration with
other STEPS Pls) have found two results in our preiminary andyses that will have a sgnificant
impact on our understanding of storm electrification:

Effect of mesocyclones on the storm's charge didribution We obtaned a few soundings in
mesocyclones to supplement the one sounding we had obtained previoudy in 1998. In al cases
in which the bdloon was in drong updrafts in a mesocyclone, significant charge dengty was
absent below a height of gpproximatdy 8 km mean sea leve, though outside of the mesocyclone,
charge was present a the lower dtitudes where it is usudly observed. Our initid hypothess,
needing verification by modd dudies and by additiond data, is tha the strong updraft shifts
graupd formation to higher dtitudes and the vorticity and strong updraft combine to interfere
with re-circulation of graupd into the updraft. Together these two effects prevent charge from
occurring & lower dtitudes in mesocyclone updrafts.

Inverted-polarity sdorms. By ‘inverted-polarity sorms we mean that the norma polarities of
charge in two or more verticdly separated regions of a sorm are reversed.  One previoudy
suggested hypothesis as to why storms produce positive, instead of the usua negative, cloud-to-
ground lightning is that the charge dructure of the storm is inverted. Prdiminary andyses both
of our soundings and of the lightning mapping data suggest that this occurs in some storms.
However, it does not appear to be true of al storms that produce many positive cloud-to-ground
lightning flashes. Additiond data andyss is needed to verify that the storms have inverted
charge Structure and to try to understand why.

STEPS Thunderstorm Electrification Modeling (Contributor: Mansell)

We recently submitted a revised manuscript describing the new lightning parameterization that
amulates the three-dimendond branched dructure of lightning channeds. Modd results indicate
that pogtive cloud-to-ground (CG) lightning flashes can initiate only when a region of negdive
charge exists beow the podtive charge region tepped by the flash. This requirement is
andogous to the necessty of a lower postive charge region to initiate negative CG lightning
from the negative region above.



Charge conservation in the thunderstorm model has been dramaticaly improved, dlowing us to
invedtigate ties between cloud-to-ground lightning polarity with the overdl thundersorm charge
polarity. We ae dso invedigaing corrdations between lightning and thunderstorm quantities
such as updraft mass flux and precipitation ice mass. The growth and decay of the graupd
volume appears to corrdate wel with lightning activity, but this result needs to be tested for full
life cycles of awider variety of sorm types.

Retrieval and Assimilation of Storm Characteristics from Both In-Cloud and Cloud-to-
Ground Lightning Data to I mprove Mesoscale Model Forecasts (Contributors: MacGorman,
Ziegler, Beasey, Fiedler, Mansell, Showell, Nealson, van der Velde, Askelson)

During this past year, work focused on getting infrestructure in place for this project. A
lightning-mapping aray was ordered from New Mexico Inditute of Mining and Technology,
dtes were found for the dtations in the mapping system, and a powerful workstation was ordered
for the modding effort. Preparations were on track to complete ingdlaion of the lightning
mapping system by the end of July 2001, but a fire in early July 2001 at NSSL destroyed dl of
the equipment for the dations, some of which had just been ddivered. Intense work on
lightning data assmilation into numerica forecas modds was awating inddlaion of the
lightning mapping system, and this has been delayed by the fire tha destroyed the mapping
dations. However, the delay thus far has not been great, because data assmilation work was not
scheduled to begin until April or May 2002. In May we began working on techniques for
ingesting the lightning mapping data into the forecast modd and made Sgnificant progress on
this point.  Furthermore, some work has been done on the dement of the project that is to
invesigate relationships between lightning characteridtics detected by mapping sysems and
dorm chaecterigics that ae potentidly useful for daa assmilaion into modeds.  An
undergraduate senior from The Netherlands was supported to work on a research project in
Oklahoma for his degree and he chose to invedtigate rdationships between lightning data from a
mapping aray operated during the MEaPRS fidd project in 1998 and microphyscd daa
inferred from a polarimetric radar. He found that trends in graupd mass and lightning rates were
gmilar and that risng regions of lightning that appeared to be indicative of updrafts occurred
before or at approximately the same time as tornadogenesis.

The Effects of Pyrgeometer Dome Heating on Calculated Longwave Radiation (Contributor:
Richardson)

To obtan accurate measurements from the Eppley Precison Infrared Radiometer (PIR), it is
necessary to account for a number of factors because the senstivity of the PIR to thermd effects.
Idedlly, three different temperatures should be measured in the PIR system: the temperature of
the top of the thermopile, and the temperatures of the PIR dome and case. The sandard
insrument does not measure the temperature of the thermopile but does measure the dome and
case temperatures.  The PIR ingrument case has a large thermd mass, so the case temperature
can be used as a surrogate for the thermopile temperature.  However, the thermd conductivity of
the glass dome is much lower, indicating that a single dome temperature measurement may not
be sufficient.



This study was concerned with the effect of the dome temperature on the caculated longwave
radiation. Typicdly, a angle thermigtor mounted on the indde edge of the glass dome is used to
edimate the dome temperature. Delany and Semmer had three dome thermigtors indaled by the
manufacturer to measure the dome temperature but used circuitry to average the three
temperatures and did not have access to the individud temperature measurements. In this study,
the manufacturer ingtdled three thermistors on the base of the PIR dome and wired them so that
each dome temperature could be measured separately. The three dome thermistors were
mounted at 120° increments around the base of the dome.

This sensor was deployed in the fiedld and data from 1 January to 31 December 2000 were
andyzed. Each day was subjectively categorized as cloudy or clear; for the year there was 66
clear and 66 cloudy days. Results from the cloudy days should resemble the effects of dome
heating when the sensor is shaded, as is done in the ARM Program. Therefore, this work
suggests that in the ARM Program, the effects of dome temperature inhomogeneities on
caculated long wave radiation should be less than about 2 Wmi?. If the PIR sensor is not shaded
(eg., results from the clear days) but is ventilated, the effects of dome temperature
inhomogeneities could be as large a 8 Wm?. When the PIR sensor is not shaded or ventilated,
the effects of dome temperature inhomogeneities could exceed 11 Wm2.

Radiosonde Intercomparison During the Fall 2000 Water Vapor |10P (Contributor:
Richardson)

One hundred sixty dud-radiosonde soundings (i.e, two sonde packages attached to the same
balloon) were conducted during the fal 2000 ARM Program Water Vapor Intensive Operations
Period (WVIOP). The soundings were made every three hours a the SGP centrd facility from
1430 on 18 September 2000 through 1130 on 8 October 2000. The dua soundings included
Vasda RH-80H radiosondes from four different cdibration lots as wdl as Vasda RS-90
radiosondes, the newest sondes produced by Vaisda The radiosondes were distributed during
the experiment so as to conduct par-wise comparisons between RS-80s, RS-90s, and RS-
809RS-90s. Prior to the WVIOP we tested the calibration of these radiosondes in the ARM
humidity chamber. Some of the radiosondes that were chamber-tested were later flown in dud-
soundings made during July 2000. The results of these intercomparisons will be used to evauate
both the proposed RS-80H dry-bias correction agorithm and the advantages of the RS-90
radiosonde humidity sensor.

TheFormation and Climatological Distribution of Tornadoeswithin Quasi-Linear Convective
Systems (Contributor: Trapp)

Research during the fiscd year focused on the formation and implications of low-leve, meso-
gamma scde vortices within quas-linear convective sysems (QLCSs) like squdl lines and bow
echoes. Such QLCS vortices, aso referred to as mesovortices, ae observed frequently, a times
in asociation with tornadoes. Idedized experiments with a numericad cloud mode show that
low-level mesovortices develop in amulated QLCSs only when the environmenta verticd wind
shear is within a reaively narrow range of vaues and when the Coridlis forcing is nonzero. As
illustrated by a QLCS simulated in an environment of moderate vertical wind shear (20 ms™ over
a 2.5-km depth), mesovortexgeness is initiated a low levels by the upward tilting, in



downdrafts, of horizonta barodlinic vorticity. Such rdadive vertica vorticity is veticadly
dretched, as is dso planetary vorticity. In fact, in terms of drculaion tendency, the time-
integrated contribution to pogtive circulation by the flux of planetary vorticity is, over a period
of less than an hour, comparable to or larger than that due to fluxes of horizonta and/or vertica
vorticity.

In moderate-to-strong environmental shear, the smulated QLCS evolves into a bow echo whose
srongest low-level winds surprisngly are found about 20 km to the northwest of the bow-echo
aoex rather than just behind the apex, as is typicaly conceptudized. In other words, what are
regarded as the most damaging ‘draight-lin€ winds are induced by the low-level mesovortices.
The swath of these winds expands with time, owing gpparently to a mesovortex amagamétion,
or ‘upscale vortex growth. As with the mesovortex formation, the sysem-relative locetion of
the damaging winds is dependent on the sysem-scde dynamics, which in turn is dependent on
characterigtics of the larger-scale environment.

Concentrating Vorticity Near the Ground: An I nvestigation of the I nteraction of Precipitation
Processes and Flow Dynamics in Supercells and Other Severe Thunderstorms (Contributors:
Gilmore, Rasmussen, Askelson)

A dgnificant observationa sudy was completed on the low-level thermodynamic date of
tornado cyclones. These are vortices of 1-3 km scde that are present at the ground in mogt of the
supercels that we have observed with mobile mesonet equipment. In a sample of about 30
tornado cyclones, it was found that tornado formation was more likely and tornado longevity
greater if the near-ground ar in the tornado cyclone is buoyant and potentidly buoyant with
respect to the storm inflow. The near-ground air within the tornado cyclone is hypothesized to
originate in the rear-flank downdraft (RFD). These results and hypotheses were further explored
usng idedized axisymmetric numericd smulations of tornado cydones containing peripherd
downdraftss. The gmulaions demondrated tha angula momentum-rich downdraft ar
penetrated closer to the axis of the vortex, leading to larger tangentid velocities, when the
downdraft arrived at the ground with buoyancy relative to the inflow base state.

Based on these findings we have developed deployment drategies for obtaining a new
generation of near- and in Stu tornado observaions. These included desgn of an dl-weather
UAV in collaboration with the Aerospace Enginegring depatmet a the Universty of
Colorado. This remotdy controlled, instrumented arcraft should be capable of meking date
messurements within tornado cyclones and wesk tornadoes. In collaboration with the Nationa
Geographic Society, we adso evauated drategies for deployment of in-stu opticd and date
sensors in tornadoes, including a next-generation ‘turtle and a multi-camera digitd  imaging
sysem. These prdiminay investigations are being conducted in preparation for the next
VORTEX (Veification of the Origins of Rotation in Tornadoes EXperiment) that may be held in
the 2005- 2008 timeframe.

We continued to refine and enhance our observationa andyss tool set. Roughly 90% of our
andyss, visudization, and Doppler processing software were ported to Interactive Data
Language (IDL) for grester compatibility across our research group and with other groups.
Enhancements included the addition of a high-resolution terrain data set for the entire centrd



U.S, dlowing us to perform pressure reduction of mobile mesonet data for any experiment we
have participated in.

Formation Flying of Rapidly Deployable Remotely Piloted Vehicles for Mesoscale
Meteorological Observations (Contributor: Rasmussen)

The primary purpose of this project is to develop the capability to fly Unmanned Aerospace
Vehides (UAVS) in formaion to gaher mesoscde meteorologica observations. Working with
Wyndemere, Inc. we established the goa of producing a smdl UAV (~1.5 m wingspan, < 15 |b
weight) that is capable of autonomous flight. This requires a sae engine tha can determine the
atitude of the arcraft, as wdl as a flight computer that can direct the arcraft control surfaces
based on the combination of attitude information and requested flight path. We established the
god of producing an arcraft that would cost less than $5,000 in materids so that we could easly
replace logt or damaged aircraft. Hence, we have utilized concepts such as a GPS-only date
engine that does not require acceerometers, magnetometers, or other expensve equipment.
During the reporting year, severd off-the-shelf ‘amog ready to fly (ARTF) arcraft were built,
and the rudimentary state engine and flight computer were tested.

The Intermountain Precipitation Experiment (Contributor: Schultz)

The Intermountain Precipitation Experiment (IPEX) is a research programdesigned to improve
the underdanding, andyss, and prediction of precipitation over the complex orography of the
Intermountain West of the United States. The gods of IPEX are to advance knowledge of
the dtructure and dynamics of Great Sdt Lake effect and orographic precipitation, especidly in
and adjacent to the Wasatch Mountains of northern Utah; to better understand the relaionships
between orogrephic circulations and cdoud microphyscs, to verify and improve data
assmilaion, numericd weather prediction, and radar-derived quantitative precipitation estimates
over the Intermountain West; to explore the eectrica sructure of continental winter sorms; and
to rase awaeness of mountan meteorology and the asociaed  scientific  and
forecasting chalenges at the public, K-12, undergraduate, and graduate levels.

The fidd phase of this research program was carried out in northern Utah in February 2000,
employing, among other ingrumentation, a heavily indrumented P-3 research aircraft, two
Doppler on Wheds mobile radars, two mobile research laboratories with  sounding
capabilities (one equipped with dectric-fiddld meters), a verticdly pointing Doppler radar, the
MesoWest cooperative networks, and special radiosonde releases from the Nationa Weather
Sarvice. In a fird review paper, the weaher of the Intermountain West is summarized and
preliminary results from the fidd phase are presented. Lessons learned in the planning and
execution of thisfield program are aso discussed.

Objective Analysis Studies (Contributor: Spencer)

Previous research has shown that line integra (triangle) techniques are superior to traditiond
methods for creating gridded estimates of kinematic quantities such as divergence and vorticity.
Line integra techniques involve cdculaing kinematic quantities directly from the observetions
and then mapping those edimates onto a uniform grid, whereas traditiond techniques involve



aoplying a finite difference scheme to the andyzed horizontd wind components. This same
philosophy of cdculating derivatives directly from the observations has been applied to scdar
variables, as well, producing gridded derivative fields that are superior to those that ae generated
by traditiond andysddifferencing techniques The comparisons were made using an andytic
input field such that the true solution isknown & dl points in the domain.

Although the scdar derivative information derived via the triangle technique is superior to that
derived by traditiond methods the scdar amplitude of the andyds typicdly is damped
somewhat. This deficiency has been overcome by gpplying a variationd technique whereby
differences between the andyss and the traditional andyss are minimized under the condraint
that the horizontd derivatives of the andyss obtaned by finite differencing are equd to those
obtained directly from the observations. This results in an andyss that has a very accurate
amplitude as well as excdllent gradient information.

Plans- FY02

Parameterization of Cloud Microphysics and Radiation (Contributors: CIMMS Cloud Physics
Group, led by Y. Kogan)

The work on an integrd moment microphyscs parameerization for dratiform clouds will
continue. 1t is planned that the new parameterization will be part of aM.Sc. thess.

We will continue the anadlysis of the feedbacks between drizzle, boundary layer thermodynamica
parameters and surface winds in defining the cloud microgtructure with the am of identifying the
parameter set that determines the cloud drop concentration. Another part of this research will be
directed at finding the factors that control cloud base height and vishility in the marine boundary

layer.

The Statistical Formulations of Cloud Parameters over the Southern Great Plains
(Contributors: CIMMS Cloud Physics Group, led by Y. Kogan)

This project will be the mgor thrust of our ARM Program research. The god of the project is to
determine the datigica descriptions of draiform cloud parameters usng ARM  observationd
plaforms, incduding the MMCR. We will andyze multiyear MMCR obsarvations to determine
detigics of cloud inhomogeneity over the ARM SGP site during various seasons and for various
cloud types (low clouds vs. midleve clouds) and environmental conditions (eg., precipitating vs.
non-precipitating clouds). The LES smulaions will adso be garted based on ARM 0P data to
rdlate PDFs obtained from the two-dimendond (time-height) MMCR data to the ones obtained
from the fully 3D spatid cloud data

The Effects of Horizontal Radiative Transport on Cloud Thermodynamical Evolution
(Contributors: CIMMS Cloud Physics Group, led by Y. Kogan)

We plan to organize a teleconference between our collaborators from FSU, LANL, and NASA.
As a reault of the ensuing discusson we will reach a conduson about the practicdity of



currently avallable 3D radiative tools that are appropriate to address the problem of evauating
the role of horizontd radiative transport in dynamica evolution of the cloud.

Mesoscale Dynamics (Contributors: Xu et al.)

We will continue the current theoreticd sudy on synoptic-mesoscde indabilities and examine
the non-moda growths of perturbations in terms of singular vectors.

Mesoscale Data Analysis and Data Assimilation (Contributors: Xu et al.)

We will continue the current studies on mesoscde data assmilation in the areas of Doppler radar
data assmilation; error covariance edimaion using innovation techniques, GOES satdlite cloud
data andyss and data assmilation; soil-vegetaion data andyses and assmilation; and duct
parameter data assmilation.

Vertical Profiles of the Electric Field in Severe Storms During the Severe Thunderstorm
Electrification and Precipitation Study - STEPS (Contributors: Rust, MacGorman et al.)

Pans cdl for extensve andyses of STEPS data Of paticular focus will be the
interrdlationships among the three-dimensond lightning mapping, the dud-polarization radar
observations, and the bdloon profiles of dectric fidd dructure. These andyses will address
objectives listed previoudy. Pepers that are currently in preparation ded with specific subsets of
the broader goals that will be completed. They address inverted-polarity dectrica structures and
charge location in updraft and non-updraft regions of the storm.

Retrieval and Assimilation of Storm Characteristics from Both In-Cloud and Cloud-to-
Ground Lightning Data to I mprove Mesoscale Model Forecasts (Contributors: MacGorman,
Ziegler, Beasley, Fiedler, Mansell, Showell, Nealson, van der Velde, Askelson)

A mgor effort planned for this year is to try to recover from the fire that destroyed the lightning
mapping sysdem. We ae optimidic that sufficient funds will be found and the New Mexico
Ingtitute of Mining and Technology will be able to ddiver a replacement system in spring 2002
s0 that this aspect of the research can begin. Work on lightning data assmilation is continuing.
We ae planning to dart working on this by usng lightning mapping data from the STEPS fied
project. During the year, we expect to examine a least one case and to examine the effect of
lightning data assmilation on the forecasted outcome. By the end of the following year, we
expect to complete the proposed research.

Numerical Modeling Study of the Time-Dependent Behavior of Convection (Contributor:
Doswell and Weber)

This work involves the use of a 3d cloud modd based on the ARPS model, developed by Dr.
Danid Weber. The god is to determine how environmental factors, notably the forcing that
initiates degp convection and the environmentd wind and thermodynamic profiles, control the
time-dependent behavior of deep convective storms. Of particular interest are the factors that
determine the frequency of "bubbles’ within such storms. Prdiminay smulaions showing the



capability of a smplified cloud mode to reproduce this behavior have been completed. Support
is being sought for a comprehendve parameter sudy using the modd.

Theoretical Study of Thermal Buoyancy (Contributor: Doswell)

Pure parcel theory, as developed in textbooks, treats the pressure perturbation in a conceptua
way that can be mideading. Moreover, the diagnods of "buoyancy” in either operations or in
numerical Imulaions ignores the importat role that buoyancy has on perturbation pressure,
even in the absence of finite arflow. A theory has been developed that shows more clearly than
the traditiond textbook explanations what role the pressure fidld has on buoyancy. This work is
being done in collaboration with Prof. Paul Markowski (Pennsylvania State Univerdty). Work is
underway on a publication that will present this theoretical development.

Evaluation of Synoptic-Scale Controls on Tornado Outbreaks (Contributor: Doswell,
Thompson, Edwards, Leslie)

A classc forecadting problem is whether or not a particular synoptic-scale is going to produce a
sgnificant outbresk of tornadoes. Although much work has been done on individud case studies
over the decades since tornado forecasting began in the 1950s, this issue remains problemétic for
forecasters. In collaboration with Mr. Richard Thompson and Mr. Roger Edwards of the Storm
Prediction Center, an effort to darify this with a large number of case sudies, including ‘null’
cases where a ggnificant tornado outbresk did not occur, we hope to determine whether or not
there is a cear ggnd a synoptic scdes that would permit an improvement in forecasting
sggnificant tornado outbresks. We are exploring the possbility that a pardld modding sudy of
this problem, in collaboration with Prof. Lance Ledie (incoming Lowry Chair a the OU School
of Meteorology) will begin with hisarriva.

Automated Tornado Video Photogrammetry (Contributors. Doswell and Rasmussen)

Even with pars of mobile Doppler radars, tornadic wind fields near the surface are not readily
observed. Therefore, many deals of the time- and space-dependent wind field in tornadoes
have remaned unknown near the surface, where dructures exist. The proliferation of
inexpensve video cameras means that many tornadoes are captured on video during thelr
interaction with human dructures. The data that can be derived from photogrammetric andysis
of these videos could be revolutionary in adding to our understanding of tornadic arflow, but
there remains a need for a sysem tha would provide rgpid photogrammetric analyss of such
videos. Given the rapid progress in automated image andyss, it should be possible to use these
videos to provide tangentid wind speed estimates d hundreds of points in gpace a high temporad
frequency. In collaboration with Dr. Erik Rasmussen (CIMMYS), funding will be sought to
develop such an andyss system.

A Radiosonde Correction Using Prelaunch Sonde Data (Contributor: Richardson)
The ARM Program uses Vasda radiosondes to measure the verticd profile of wind, pressure,

temperature, and relative humidity. The surface point (i.e, firs point in the sonde daa files) is
taken as an ingantaneous reading from the sonde ground station and manualy entered by the



sonde operator. This research seeks to develop an dternate method for obtaining the surface
point observation, which involves averaging data from the radiosonde prior to sonde launch
while it is in an aspiraed shelter. This method eiminaies human errors (eg., trangoosing digits)
and improves the resolution of the surface humidity reading (the sondes output reative humidity
in one percent increments).

In addition, corrections to the radiosonde dry bias and baich-to-batch variability have been
examined usng SGP centrd facility dud sonde launches from the third Water Vapor I0P. Past
attempts have been made to correct sondes by scaling them usng a single reference point (in
time) obsarvation. These sngle point adjusments have not successfully brought agreement
between microwave radiometer and sonde precipiteble water vapor edtimates. In this udy,
radiosonde prelaunch data, i.e., data collected prior to sonde launch, is used to scale the sondes
indead of the ingantaneous launch value. It appears possble to account for batch-to-batch
vaiability usng severd minutes of prelaunch sonde data whereas the single point observation
contains too much variability.

Formation of Vertical Vorticesin Large Eddy Simulations of the Convective Boundary Layer
(Contributors: Kanak, Lilly, Snow, Fiedler)

We ae currently working on the development of a vertica vortex dgorithm (after McWilliams)
to identify and quantify the formation of verticd vortices in large eddy smulaions of the
convective boundary layer. Earlier results were published in 2000.

New work will include higher resolution smulatiions and gpplication of the agorithm to assess
the effects of various parameters such as wind shear on the existence of verticd vortices and he
properties associated with them, such as verticd hest and momentum fluxes. The results of this
work may contribute to the improvement of boundary layer parameterizations in larger scde
numericd modds and promote understanding of the role of verticd vortices (visble as dust
devils and non-visble in the absence of tracers) in convective boundary layer processes. A
proposal to NSF to support this research is currently in review. Another related paper, with B.
Fedler, isinreview a Atmospheric Science Letters.

Vertical Vortex Formation in Ellipsoidal Thermal Bubbles (Contributors. Kanak, Shapiro)

We ae continuing to conduct an andyticd and numericd study of verticd vortex formation in
isolated dlipticad therma bubbles A paper submitted to J. Atmos. Sci. is currently in review and
we have received gpprova from NSF to write a proposd to extend these results to higher
resolution and to incorporate mean winds.

Thunderstorm Cirrus Outflow Dynamics and Mammatus Formation (Contributors. Kanak,
Straka, Lilly)

An efot is beginning to dudy thunderorm cirrus outflow dynamics and  mammatus
formations.



Martian Dust Devils (Contributors. Kanak, Edgett, Cantor)
An effort isaso just beginning to sudy Martian dust devils.

The Formation and Climatol ogical Distribution of Tornadoeswithin Quasi-Linear Convective
Systems (Contributor: Trapp)

Efforts during the new fiscd year will be concentrated on the climatologicd component of this
project. Specifically, we plan to classfy dl tornadoes reported in the contiguous U.S. in 1999 by
their respective parent storm type of ‘cel’, ‘QLCS, or ‘other’. This andyds will complement a
amilar classfication for tornadoes reported in 1998, and when complete, will dlow us to
compute the geographical, seasond, and tempord distributions of the sampled tornadoes, as a
function of parent sorm. Additiondly, we will dratify the QLCS tornadoes according to, for
example, damage-based intendty (Fujitarscae), edtimated duration, number of fatdities, and
dollar amount of property damage. Statistical tests will be gpplied to these and other results to
determine their robustness.

To help characterize the larger-scde environment that supports the formation of QLCS
tornadoes, composite thermodynamic and wind profiles will be condructed usng data from
radiosonde observations taken in proximity to a sub sample of tornadic QLCSs in our dataset.
For comparative purposes, we will gather data and perform a smilar andyss for an equivaent
number of nontornadic QLCSs. An OU graduate sudent will be responsble for this
task. Another task to be initiated is the computation of radar-based attributes of the tornadic and
non-tornadic QLCSs in our dataset. Relevant WSR-88D Level 1l data will be processed and
andyzed, usng the suite of automated adgorithms developed a NSSL. Algorithmic output
showing, for example, the sze didribution of the parent vortices of QLCS tornadoes will help
characterize tornadic QLCSs, and dso point to any unique radar signatures that may have
nowcadting utility.

Concentrating Vorticity Near the Ground: An Investigation of the I nteraction of Precipitation
Processes and Flow Dynamics in Supercells and Other Severe Thunderstorms (Contributors:
Gilmore, Rasmussen)

We will continue case study analyss of numerous tornadic and nonttornadic supercells observed
during VORTEX. An angular momentum budget anadlyss will be utilized with a thermodynamic
andyss of each case to infer the rdative importance of angular momentum versus buoyancy in
tornado formation and longevity. Also, we will continue our work testing deployment drategies
for obtaining new generation measurements in tornado cyclones and tornadoes. In particular, the
dl-westher UAV will be tesed in the coming year in preparaion for the next VORTEX
experiment. Andyss of these datasets will be perfformed with our suite of observationd
andysistools. Thesetoolswill be completely ported to IDL this year.

We will dso continue our numericd smulaion work by dudying the sengtivity to supercell
morphology and evolution from variations in the hal dze spectra usng traditiond three-ice-
caegory Lin-Farley-Orville (LFO) microphyscs. Specific  sendtivities of interest  include
quantitetive precipitation (hail and rain reaching ground), baroclinic production of vorticity a



low-levels, and timing/intendty of mesocyclogeness. Understanding the sengtivity to variations
in the three-category schemes will be helpful in undergtanding and will hep mativate the use of
more advanced (many-category) ice microphysics schemes developed by OU School of
Meteorology professor Jerry Straka.

Formation Flying of Rapidly Deployable Remotely Piloted Vehicles for Mesoscale
Meteorological Observations (Contributor: Rasmussen)

The fdlowing development milestones have been edtablished. We expect autonomous straight-
and-levd flight commanded by the flight computer onboard the arcraft to be obtaned by 1
August 2001. Autonomous flignt following ground-commanded patterns will be demongrated
by 1 September 2001. The flight of two arcraft in formation will be demondrated by 15
September 2001. Prior to the May 2002 International H,O Project (IHOP) experiment, if the
foregoing efforts are successful, we will produce a totd of sx UAVs to be utilized for
observations of fronts, boundaries, and the atmospheric boundary layer during IHOP.

The Intermountain Precipitation Experiment - |PEX (Contributor: Schult?)

Preiminary ressarch by NSSL/CIMMS scientists involves examining the organization of
precipitation in IPEX 10Ps 4 and 5. Dave Rust, Jeff Trapp, and collaborators are examining the
eectrification of clouds during IOPs 5 and 6, making this the fird observations of dectrified
winter gorms over the continental United States. A severe-weather climatology of Idaho is aso
being performed, in collaboration with Jon Racy of the Storm Prediction Center.

Objective Analysis Studies (Contributor: Spencer)

The utility of the improved objective andyds scheme involving the variaionad technique
described earlier will be tested within a numerica modeling framework. Traditional methods for
objective andlyss currently in place for the MM5 modding sysem will be replaced by the
improved analyss technique to assess potentid forecast improvements, especidly regarding
precipitation forecasts.

2. Forecast | mprovements

Progress- FYO1

I mplementation of CIMMS Stratiform Cloud Parameterization into a NWP Regional Model
(Contributors: CIMMS Cloud Physics Group, led by Y. Kogan)

The U.S. Navy COAMPS, run with the CIMMS bulk drizzle scheme, has been shown to be able
to produce the breskup of marine stratocumulus for short timescaes a a horizontal grid spacing
of 2 km. The presence of drizzle accelerates the breskup compared to that seen when
gratocumulus clouds ae advected over waer with progressvely wamer sea  surface
temperatures.  Cloud breskup is manifeted as a trandtion from unbroken sratocumulus to a
broken, boundary layer cumulus regime, Modifications to the modd’'s turbulence
parameterization produce a more physcdly plausble boundary layer dructure that results in a



more redidic treatment of the cumulus regime, specificdly more reasonable vaues of liquid
water path, surface drizzle rate, cloud base height, and convective dement intensty. COAMPS
shows a sengtivity to the depletion of CCN by the drizzle processes, though the lack of an in-Stu
boundary layer CCN source is somewhat offset by entranment of CCN as the boundary layer
grows with time. Paiches of moistened and cooled surface ar aisng from evgporating drizzle
produce a complex gdructure in the surface flux fields, though COAMPS agppears to exhibit only
a week sendtivity to these trandent features. Results have been convincing enough that much of
the CIMMS drizzle parameterization has been included as pat of an effort by the Navd
Research Laboratory to sysemdicdly improve the treatment of microphysical processes in
COAMPS. This work should ultimately lead to improved short-term forecasts (3-24 hours) of
marine boundary layer cloud behavior.

A gmple treatment of sub-grid variability for the autoconverson process has been derived and
implemented into COAMPS. The autoconverson insde a grid is obtained by integrating the
process rate over the probability digribution function (PDF) of the cloud varidbles, and is
equivalent to spatid integration of local process raes indde the grid.  Sub-grid PDFs are
unknown and are represented by gamma didtributions. The didtribution means are taken to be the
grid point vaues, and the shagpe parameters are congrained by PDFs of broken and solid
dratocumulus cloud fidds teken from the CIMMS LES. On the 2 km mesh, including
information about sub-grid variability results in increesed autoconverson rates that lead to
enhanced drizzle production and a reduction in liquid water path. The enhanced breskup is
particularly obvious in vaues of cloud fraction, 0.93 for the control run and 0.78 for the sub-grid
PDF trestment. Stronger drizzle ultimately leads to a more robust convective mode that acts in
the modd as a pogtive feedback on cloud breskup, with increased subsidence outside the
resolved convective dements resulting in increased dissipation of the stratocumulus deck. This
demondration sudy shows that accounting for sub-grid heterogengty can ultimaedy have a
sgnificant impact on the mesoscale characterigtics of a stratocumulus cloud system.

The Advanced Weather Prediction Prototype — AWPP (Contributors: Droegemeier et al.)

The AWPP project has four digtinct but related components: 1) expansion of the Project CRAFT
testbed; 2) further devedopment of the OK-FIRST decison support sysem for public safety
offigds;, 3) development of radar and related moisture data assmilation drategies for the
Weather Research and Forecat (WRF) Modd; and 4) deveopment of convective
parameterization techniques and forecast verification strategies for sorm- and mesoscale models.

Component 1: Resaults from Project CRAFT are described in the section “Doppler Weather
Radar Research and Development”.

Component 2: During the past 3-4 years, with support from a U.S. Department of Commerce
TIAAP grant, the Oklahoma Climatological Survey (OCS) developed and operaiondly fielded
its OK-FIRST decison support sysem for emergency managers and other public safety officids.
The origind verson of OK-FIRST was based upon NIDS data and thus was limited to the
products provided therein. The Level Il data provided by the CRAFT network afforded an
opportunity for the OCS to explore a broader and arguably more effective utilization of radar
information for OK-FIRST. OCS completed Verson 8.0 of the WxScope Plugin software,



which dlows for the incorporation of multiple data file formats for the integration of multiple
radars, as well as multiple meteorologica data formats. This fegture results in the cagpability to
integrate surface data (such as NWS ASOS) with the radar data into a single interactive display.
OCS dso completed a radar-training workshop for 18 additiond emergency managers who
tested the WxScope v8.0 software.

Component 3 The OU Center for Andyss and Prediction of Storms (CAPS) is one of four core
inditutions, dong with NCEP, NCAR, and the NOAA/FSL, involved in developing the
NOAA/NCEP next generation forecast system known as WRF (Weather Research and Forecast).
This sysem, designed as a dua ressach and operationd modd with emphass on grid
resolutions of 1-10 km, is expected to become operationa around 2004 and aso is anticipated
eventudly to replace the RUC and Eta models. The primary role of CAPS in the WRF effort is
to develop techniques for the assmilation of radar data; particularly those based upon 3D and 4D
variationd approaches. CAPS has fine-tuned and refined its phase-correction data assmilaion
schemes, and two manuscripts were submitted for  publication. NIDS0-based forecast
experiments of the April 2000 Fort-Worth tornadic sorms continued, with emphass given to the
initidization of microphyscad and thermodynamic variables as wdl as reductions in modd soin
up. The reaults obtained thus far are rather pectacular, and initid retrievd experiments using
gmulated data in the 3DVAR sysem dso are encouraging.  Efforts are now underway to
generdize the Doppler radar data-oriented 3DVAR system and to conduct comparisons againgt
non-variaiona techniques.

Component 4: The firgt portion of this component of the AWPP was amed at developing more
gopropricte verification drategies and methods for meso- and finer- scale NWP models. The
second part focused on improving convective parameterizations for operationa forecast modds
utilizing the new verification tools and other diagnogtic techniques to guide the development of
improved formulations. CIMMSNSSL continued to execute semi-operationd, experimentd
runs of the Eta modd in pardld with operationd runs a EMC. The experimenta verson of the
Eta utilized the Kan-Fritsch parameterized convection and 4th order horizonta diffuson
(compared to BMJ convection and 2nd order diffuson in operationa configuration), and was run
four times per day. These four numericd predictions were comprised of two runs usng a 00Z
initidizetion time and two runs a 127. For each initidization time, the modd was firgt run over
a limited comain with 22 km grid spacing, and then it was run over a larger domain with 32 km
grid spacing. Output from dl of these runs was made avalable to the generd public via
anonymous ftp, supplied to the Storm Prediction Center for viewing on their worksations, and
selected fidlds are posted on the web. Using output from these runs, CIMMSNSSL developed
veification techniques designed to measure the vaue gained by using higher resolution in the
Eta modd. CIMMSINSSL continued to invesigae and diagnose the role played by
parameterized convection in the Eta modd. In collaboration with SPC forecasters and research
scientists, parameterized convective effects were examined and compared in the operationad Eta
and RUC modds, as wel as in our experimenta verson of the Eta modd, during a six-week
intensve sudy period last April and May. This study concentrated on modd forecasts of grid-
point soundings, convective initistion and convective evolution. The results of this dudy ae
being used to guide current efforts to improve methods for parameterizing convection in
operationa forecast moddls.



Quantitative Precipitation Estimation Using Multiple Sensors - QPE SUMS (Contributors:
Gourley, Maddox, Arthur, Zhang)

The QPE SUMS precipitation agorithm is now running operationdly in four NWS offices as
well as the Sdt River Project in Phoenix, Arizona. Severd improvements have been made to the
QPE SUMS ranfdl dgorithm. The dgorithm is now cgpable of ingesing red-time sounding
data, surface observations, and ran gauge data These additiond data sources have been
integrated in the rainfal esimation scheme. Secondly, a verification package has been added to
the agorithm suite. This package posts datisticdl comparisons between QPE SUMS gridded
ranfal fields and co-located gauges on the Internet daily.

Supercell Identification Algorithm (Contributor: Lynn)

An dgorithm to identify supercells based on the base radar reflectivity data and the outputs of
Severe Storms Anayss Program (SSAP) and the Bounded Wesk Echo Region (BWER)
detection agorithm was developed. This dgorithm combines the outputs of severd agorithms
to classfy the radar echo as being a supercedll thunderstorm.

Storm Cell Identification Through K-Means Clustering of Base Radar Data (Contributor:
Lakshmanan)

We have designed an dgorithm to segment radar data to identify storms cdls. The segmentation
uses a novd hierarchicd K-Means clugtering dgorithm developed a& CIMMS to segment
images. The dgorithm was implemented and runsin red-time on the WDSS-11 testbed at NSSL.

Three-dimensional Multiple Radar Reflectivity Mosaic (Contributors: Zhang, Gourley)

Magor improvements have been made to the 3D multiple radar reflectivity mosaic scheme. A
gap-filling scheme was developed for removing ring-shgped discontinuities on horizontal cross
sections of the interpolated reflectivity fidds. The discontinuities are due to the large eevation
gaps in WSR-88D data samplings. The mosaic agorithm has been optimized and computationa
efficiency is gredtly increased. The optimizations are redlized through 1) using lookup tables for
the polar-to-Cartesanand Cartesian-to-polar coordinates transformation; and 2) better handling
of large 3D data arays. A data compresson scheme s developed for the mosaic products. The
compression procedure saved the disk storage resources and speeded up archive processes
gonificantly. The mosac dgorithm has been documented in detal usng a wel-organized
format. The documentation includes functional descriptions, variable tables, pseudo code and
computational formulas. Extensve in-code documentation has also been added to the mosaic
programs to improve readability of the code. These documentation efforts can help users to
better understand the dgorithm logic,and they can serve as useful references for further
devel opment/improvement.

Warning Decision Making Analysis(Contributors. Magsig, Wood, Yu, Hoggard, Tan)

Warning decison-making anadyss continues to be an area of active collaborative research
between CIMMS and the Warning Decison Training Branch (WDTB). CIMMS gaff have been



heavily involved in WDTB workshops on andyss of warning decison-making. The workshops
incorporate subject-matter experts and warning forecasters from around the country to discuss
many facets of the warning decison making process. The workshops are an opportunity to share
knowledge and experience between the research and operationd sectors as well as to test new
experimentd techniques for issuing and verifying warmnings.

Warning-Related Forecast | mprovements (Contributors. Magsig, Wood, Yu, Hoggard, Tan)

The waning decison making process is multi-faceted, often being improved directly by unique
obsarving sysems, andyds tools, data anadyss techniques, human factors, or improvements in
forecast verification. Progress has been made in warning-related forecast improvements with the
goplication of unique radar and satellite sensors and new data analyss techniques. The Termind
Doppler Weather Radar (TDWR) and OU’s Doppler On Wheels (DOW) are two radar sensors
that have been used to illustrate the sampling limitations of the operationd WSR-88D radar and
the potentid improvement in warning decison making usng these new tools and knowledge
ganed from anadyss of their data The TDWR data from Salt Lake City, UT were incorporated
into an online module which featured how TDWR data could have sgnificantly improved the
detection and warning of the 11 August 1999 F2 tornado that struck downtown Salt Lake City.
The DOW data for the 3 May 1999 Oklahoma City area tornado were used to illustrate
operationd radar sampling limitations of tornadoes and the implications for warning decison
making. In the 3 May radar andlyss, a new technique was developed D infer Sgnificant tornado
damage udng deis dgnaures in the reflectivity fidds High-resolution satdlite data was
another unique sensor source used in an andyss of the 3 May tornado outbresk to develop a new
technique for detecting tornado tracks remotely that can improve the verification of tornado
forecasts. Other warning-related forecast improvements include evduatling saelite-based
lightning data during the 3 May tornado outbresk, evaluaing how to best use new warning
decison andyss tools such as the System for Convection Analysis and Nowcasting (SCAN) and
the Hash FHood Monitoring and Prediction Sysem (FFMP), developing a Java-based technique
for visudizing boundary relative flow, and developing techniques to ensemble precipitation
forecasts.

Warning Simulation (Contributors. Magsig, Wood, Yu, Hoggard, Tan)

Time is a criticd factor in issuing wanings. To effectively research the warning process on
many events requires the ability to adequately reproduce as many of the components of the
warning decison making process as possble To this end, CIMMS scientists collaborated with
the Nationa Weather Service to develop a research tool caled the Warning Event Smulator on a
Linux platform to dmulae waning events. The smulaior has dlowed study on the warning
decison making process for many recent significant severe weather events across the country,
including Birmingham, AL; Columbiaz MO; Sdt Lake City, UT; Granite Fdls, MN; Des
Moaines, 1A; Broome County, NY; and Lancaster County PA. In addition to its use as a research
tool, the Warning Event Smulator can be used as an effective training tool for CIMMS scientists
and National Westher Service forecasters.



National Basin Delineation (Contributors. Cox, Arthur, Kuhnert, Slayter)

NSSL has partnered with the USGS Earth Resources Observation Systems (EROS) Data Center
(EDC) to delineste flash flood basins for the conterminous U.S. These basins are a necessary
component of the Fash Food Monitoring and Prediction (FFMP) Program to be included in
AWIPS Build 5.1.2. The FFMP will incdude functiondity smilar to the Ared Mean Basin
Edimated Rainfdl (AMBER) Program for assding forecagters in flash flood warning decisons.
The FFMP will cdculate average ranfdl rates and accumulations from radar precipitation
estimates for every flash flood basin within aradar coverage area.

The basn ddinegtion is beng peformed usng the ArcView and ARC/IINFO Geographic
Information Systems (GIS), and is based on digitad devation data from the Nationd Elevation
Dataset (NED). Produced a the EDC, the NED is a seamless mosaic of the highest resolution,
best-quality eevation data for the U.S. To date, gpproximatdy 95% of the basin ddinestion has
been completed, and the remaining task of assembling the FFMP basn and stream data sets for
each radar coverage areais underway.

Evaluation of the Areal Mean Basin Estimated Rainfall (AMBER) Program at the Sterling,
Virginia NWS Forecast Office (Contributors: Cox, Arthur, Kuhnert, Slayter)

A formd evduation of the AMBER flash flood warning decison program was conducted as a
folow-up to NSSL's AMBER evaluationfrom February 2000. The purpose was to conduct an
objective evaduation of the dgorithm to obtan quantitative feedback on its performance. The
2001 evauation focused on three flash flood case sudies in the Sterling, VA, County warning
area. The Digitd Hybrid Scan Reflectivity (DHR) product was derived fromKLWX Archive
Leve Il data. From this, the 2km by Xdegree precipitation estimates were derived and used to
generate average badn rainfal raies and accumulaions in AMBER. The flash flood potentid as
indicated by the rates and accumulations was andyzed with respect to the occurrence of flash
flooding as reported in the publication Storm Data. The generd conclusons drawn from this
evaduation were 1) basns should be ddineated with a minimum drainage area threshold less than
10 square miles, 2) flash flooding indicated by AMBER is only as rdigble as the precipitation
edimate input, 3) average basn ranfdl raes are more indicative of flash flood potentid in a
timey manner than average basn accumulations, and 4) the addition of hydrologic parameters
such as basn dope devation difference, hydraulic roughness, infiltration characterigics, and
antecedent moisure conditions would asss in determining meaningful threshold rates and
accumulations as well as improve the detection of flash flood potentid. The methodology and
results of this evaluation have been provided in aforma report.

I mplementation of SCAN/FFMP into the NWS AWIPS System (Contributor: Xin)

The FFMP 1.0 was been released to NWS wesather forecast office and river forecast center Sites
in 2000. New features of FFMP 2.0 have included the Ared Mean Basin Esimaed Ranfdl
(AMBER) concept to issue the flash flooding warning on smal basins tha are delinested usng
River Reach Files Verson 3 (RF3) from US EPA. On the FFMP Image and Table displays, dl
precipitation and flash flood information will be shown for dl CWA aeas and further so dl of
the basins for one specific county.



RIDDS Support, Maintenance, and I nstallation (Contributors: Benner, Cooper, Sinclair)

In cooperation with the Radar Operations Center (ROC), the NWS, the FAA, and OU,
NSSL/CIMMS continued to support, maintan and inddl Radar Ingest and Data Dissemination
Sysems (RIDDS) during the reporting year. The RIDDS objective is to support the
diverse warning/forecast improvement projects of the cooperating organizations by providing
high-resolution WSR-88D and other radar data in red time. Currently, there are 56 RIDDS Sites
in the United States, 2 in Audrdia, and 1 in Tawan. New dStes ingdled during the reporting
year include Eureka, CA, Siddl, LA, Cedar City, UT, Wilmington NC, Fort Wayne, IN,
Clevdand, OH, Chicago, IL, Cincinnati, OH, Buffdo, NY, Detroit, MI, Wakefidd, VA,
Columbia, SC, Morehead City, NC, Charleston, SC, and Wu-Fen-Shan, Tawan. In addition to
the ingtdlations, maintenance was performed at nine other RIDDS sites.

I mproving Numerical Guidance for Mesoscale Forecasting (Contributors: Kain, Baldwin)

We continued to run an experimenta verson of NCEPs Eta modd a NSSL. Our modd
configuration differs from the operationd verson in that it uses the Kan-Fritsch convective
parameterization and higher-order, reduced-magnitude horizonta diffuson. These differences
promote the generation of more detailed mesoscale sStructures in the moddl. In addition, severd
unique output filds are produced. Many of these specific characteristics have been designed in
collaboration with SPC forecasters, thus they are tailored to the needs of mesoscale forecasters.

We have become active contributors to the development of the next generation Weether
Research and Forecasting (WRF) model as members of the model physics, post-processing and
modd verification working groups. CIMMS, NSSL, SPC, and the rest of the Oklahoma Weether
Center are uniquely positioned to provide expert feedback to WRF developers on the vaue of
this mode as a high resolution forecast tool. We have procured funding from COMET to
evauate the modd at the SPC and provide this feedback to the development team over the next
two years.

Collaborations with the Operational Forecasting Community (Contributors: Kain, Baldwin)

From 17 April to 8 June 2001, a red-time forecast and research experiment cdled the Spring
Forecast and Research Program was conducted in the Science Support Area of the NSSL/SPC
fadlity. This program was a collaborative effort, organized by Mike Badwin and Jack Kain
(CIMMYS) of NSSL's Mesoscde Applications Group and Paul Janish and Steve Weiss of the
SPC. A divarse group of forecasters and scientists participated, including individuds from
NSSL and SPC as wel as the Norman NWSMWFO, NCEP's Environmental Modding Center
(EMC), NOAA's Forecast Systems Laboratory, OU, and lowa State University.

The primary god of the program was to investigate whether operationd and experimenta
numerica westher prediction (NWP) models could be utilized more effectivdly to predict the
initigtion and devdopment of severe convection. This overiding objective was mutudly
beneficid to NSSL and SPC because it incorporated important mission priorities from both
sdes. Specificdly, it promoted NSSL's efforts to evauate and improve NWP modeds while it
supported the SPC’'s exploration of ways to reliably increase the projection time for severe



thunderstorm and tornado watches. Externa participants provided very postive feedback from
thelr experiences in this program, inspiring us to believe tha collaborations between research
and operationd groups a the NSSL/SPC can emerge as a modd for the rest of the wesather
service.

Our group aso collaborated with Paul Janish of the SPC to mentor two ORISE sudents during
summer 2001. We a0 served as guest lecturers a8 COMET symposia on several occasions this
year. This program plays a criticdly important role in educating and traning NWS personnd by
transferring knowledge and applications from the research to the operationa communities.

Verification I ssuesin Forecasting (Contributors: Kain, Baldwin)

Automated data collection procedures have continued for quantitetive precipitation forecasts
from NCEFP's operationd modds, an experimentd verson of the Eta modd running twice daly
a NSSL, and an experimentd verson of the WRF modd running twice dally & NCAR. These
data are verified againg analyses of both raingage observations and the so-caled ‘Stage 1V’
high-resolution multi-sensor precipitation fiedlds from NCEP using equiteble threst (ET) and bias
scores. These scores are compiled on a monthly basis and updated daily on the web. In addition,
a long-term archive of forecasts and andyses from both the operationad and NSSL's
experimental verson of the Eta modd has been established. This archive contains parameters
besdes precipitation that are important factors in the prediction of convective initigtion and
intengty, and will be used for future verification research. Additionaly, other measures of
ground truth for convective activity, induding hourly gridded fields for lightning frequency and
vaious fidds derived from radar were collected and archived during the NSSL-SPC spring
research program and will be used for additiond verification studies.

WSR-88D Algorithm Testing And Display System (Contributor: Cooper)

NSSL/CIMMS in cooperation with the ROC continued support of the WSR-88D Algorithm
Teding and Display Sysem (WATADS) during the reporting year. WATADS software,
developed during previous reporting years, makes it possble to play back high-resolution WSR-
88D data tapes to tet and compare basdine and experimental dgorithms to improve
forecasswarnings. During the reporting year there were 2950 hits on the WATADS
Homepage, 482 direct communications with users, 254 different users, and 125 problems
identified, 97% of which were solved. A lig of WATADS usars during the reporting year
included: NWS (79 Offices) - 131 (52%); universties - 62 (24%); Department of Defense - 14
(6%); ROC/Other Government - 24 (9%); and Other - 23 (9%).

May 3, 1999 Tornado Outbreak (Contributor: Schult?)

Deoite the rdaively successful long-leed forecasts of the storms during the 3 May 1999
tornadic outbresk in Oklahoma and Kansas, consderable uncertainty among forecasters with
regards to the timing, location, and mode of convection perssted through the time of convective
initiation.  Despite this uncertainty, the forecasters identified three crucid dements that they
monitored for clues as to how the event would unfold. These eements were (a) the absence of
grong surface convergence aong a week dryline in western Oklahoma and the Texas panhandie;



(b) the presence of a cirrus shidd that was hypothesized to limit surface hesting (except under
holes in the cloud deck); and (c) the arivd of an upper-levd wind-speed maximum into
Oklahoma that was respongble for favorable synoptic-scale ascent and the cirrus shield.

The Pennsylvania State Universty/National Center for Atmospheric Research Mesoscde Mode
Veson 5 (MM5) is used to explore the sengtivity of the outbresk to these festures usng
amulations down to 2-km horizonta grid spacing. The 30-h control smulation reproduces the
observed long-lived, long-track nature of the supercel outbregk, dthough erors in timing,
location and longevity exigt. Convective initiation occurred dong the leading edge of the cirrus
shidd and within holes in the shidd, suggesting the importance of incoming solar radiation to the
development of the 3 May storms. Consequently, the smulaion is adequate for evauding the
importance of the above processes identified by forecasters.

During this project, two processes ae evauaed using factor-separation techniques the
opagueness of the clouds to solar radiation and the upper-levd wind-speed maximum associated
with a potentid-vorticity (PV) filament. Synoptic regulation of the 3 May 1999 event was
imposed by the effects of the PV filament. Two pulses of convective activity occurred, the first
tied to initigion within holes in the drrus shied, and the second with the passage of the PV
filament. The PV filament was responsble for forcing the upper-leve synoptic-scde ascent that
produced the cirrus shiedd and for enhancing boundary layer convergence well to the east of the
dryline, where convection initiated. The joint effects of the PV filament and doud-radiative
processes acted to focus the convection in particular locaes, associated with holes in the cirrus
shidd. Although the presence of the PV filament inhibited rather than enhanced deep-layer
shear, through interactions with a sronger PV anomady in the northern stream, sufficient shear
and storm-relative hdlicity exised to produce supercel storms for PV filaments of 0, 1 and 2
times the megnitude of the analyzed feature at 0000 UTC 3 May.

Fndly, the potentid usgfulness of high-resolution mesoscde modeing was assessed. In
particular, it was found that the forecast data would have provided useful guidance that could
have asssted forecasters in formulaing and evauating conceptud models of the event,
enhancing Stuation awareness, and reducing forecast uncertainty.

Hazardous Winter Weather Climatologies (Contributor: Cortinas)

Hazardous winter weether is responsble for many fatdities and injuries, and millions of dollars
of property damage every year. Currently, few studies have documented the climatology of these
events across North America. During the previous year, research was completed that examined
the vaidbility of synoptic and locd meteorologicd conditions associated with freezing ran
across the United States. Results from this sudy indicate that there are common conditions
typicaly associated with freezing rain & mogt locations across the U.S.: (1) subfreezing surface
layer, (2) nearly-saturated air near the surface, (3) upward motion, and (4) devated mid-leve
wam layer. However, the magnitude of these conditions is varidble from location to location
because of topographica effects. These results are Sgnificant to forecasters who may expect a
specific combination of meteorologica conditions to produce freezing rain for any location.



Additiond research associated with this project dso examined the digribution of freezing rain,
freezing drizzle, and ice pdlets across North America. These data have been anadyzed and basic
cdimatologicd information (eg., frequency, vaiability, etc.) regarding these didributions has
been created.

Creation, Evaluation, and Implementation of a Precipitation-Type Forecasting System
(Contributor: Cortinas)

During the past year, resources for this project have been devoted to: 1) creating a procedure to
run expeimentd precipitationtype dgorithms and didribute the numerica output to
NOAA/NWS forecasters, 2) developing an evduaion form for forecasters to submit; and 3)
cregting a webste for the project. Currently, sx agorithms are being run and the output data
ae being didributed from a workdation a the Hydrometeorologica Prediction Center
(HPC). The data are digtributed in a format that is easy to view on forecaster workstations and
include numerous plots that show the hourly output from esch dgorithm as wdl as ensamble
products that show the most likely type of precipitation and a risk assessment (eg., low, medium,
and high) of each precipitation type.

Forecaster evauation forms were created with the assstance of the Science and Operations
Officer a the HPC and a forecaster from the SPC to provide forecaster feedback on the
usefulness of the dgorithm output, the format of the products, and the forecaster's perceived
accuracy of the products. Between October 2000 and March 2001, 138 (66 from SPC
forecasters and 72 from HPC forecagters) evauaions were submitted, with over 92% of those
that evaluated the usefulness of the output dating that it had been ussful (27%), very ussful
(27%), or extremey useful (39%) in cresting the current NWS product. The evduations show
that HPC forecasters used the agorithm output most often for the firs 12-h Winter Wegther
Forecast and the 24-h Day Two Winter Weather Forecast. SPC forecasters used the output for
ther Mesoscde Discusson product. The evduations aso indicate that forecasters used the
agorithm output based on the Eta solution more often than output from the RUC. Most (> 95%)
of the forecaster evaluaions that commented on the presentation format of the output indicated
that it was presented in a useful way.

NSSL/ROC Level || Database (Contributors: Smith, Palmer)

The WSR-88D Leved Il database continues to be an important source for Level |1l data for the
Oklahoma Westher Center community. CIMMS scientists, with support from the Redar
Operations Center, continue to collect Leve |1l data for the purposes of various research needs
and dgorithm development and evauation. These two organizations represent the largest users
of WSR-88D Levd Il data Work completed during the past year includes the addition of Leve
Il data sets for use in a variety of application evauation and applied research exercises. These
include Tormado Warning Guidance datigicd andyss, a Radar Sgnaure Climatology
investigation, and new WSR-88D Volume Coverage Pattern (VCP) sudies. In addition to the
Level |l data, upper air data have aso been collected and made available via aonymous ftp or
the web.



NWS Tornado Warning Guidance (Contributors: Stumpf, Marzban, Burke, Cheresnick,
Hannon, McCoy)

CIMMS employees, in collaboration with the ROC Applications Branch and the Warning
Decison Training Branch developed the 1999 NWS Tornedo Warning Guidance document
(TWG99). In anticipation of updating this document, the TWG database was grestly expanded
from 43 to 123 cases. Eighty-three of these cases have associated Near-Storm Environment
(NSE) dgorithm data, and dl 123 cases have associated BWER data.

During FY0l1, CIMMS employees completed a datisticd analyss of this expanded database in
preparation for an update to the Tornado Warning Guidance document to occur in FY02
(TWG02).

Climatology of Radar Signatures Using the WSR-88D (Contributors: Stumpf, Marzban,
Cheresnick, Hannon, Palmer)

Since 1995, Leve Il data have been routindy collected aa WSR-88D sites and archived at the
Nationa Climatic Data Center. As a reault, climatologies of radar observed dgnatures (hail,
mesocyclones, tornadic vortex signatures [TVS], etc.) using a relatively large Doppler radar data
st ae now possble In 1998, CIMMS stientists embarked upon a pilot study to ultimately
determine a more reliable estimate of the frequency of these radar signatures and how often they
are associated with tornadoes and other severefhazardous weather.

This pilot study incorporated the use of the NSSL Severe Weather Warning Applications and
Technology Transfer (SWAT) team enhanced severe wegther and tornado detection algorithms
for two radars (Pittsburgh, PA and St. Louis, MO) for a continuous three-year data set (1996-
1998). CIMMS stientists processed al Leve Il data (precipitation data only, i.e. Volume
Coverage Patterns — VCPs — 11 and 21) collected by the Pittsburgh WSR-88D (KPBZ) for these
three complete years of data collection. Approximately 350 KPBZ 8mm Leve Il data tapes
gpanning 1996 trough 1998 have now been processed by NSSL's severe weather detection
dgorithms. Also, CIMMS <tientists have nearly completed smilar processng for the same
three-year period for the St. Louis WSR-88D (KL SX).

The output of radar dgnatures was compared to storm reports from Storm Data and ther
attributes were prepared for spatid (geographical) and datisticd andysis. CIMMS scientists
completed the datisticd analyss usng the KPBZ data and presented the results a the 20th
Conference on Severe Loca Storms in September 2000.

CIMMS <tientists aso developed a study to determine whether radar-observed storm-scde
vortex sgnatures (e.g., mesocyclones and TVSs) can be used as a proxy to synthesize tornado
climatologies where veification is problematic. Tornado verification can be problematic in
ceatain locations, such as those with low population densty, in mountanous and forested
regions, and where sorm verification is not as actively pursued (such as in Europe and other
foreign countries).



Sating with a database of "wel-verified" tornado events (43 cases with about 207 tornado
reports), and the associated output from both mesocyclone and TVS detection agorithms, we
determined the likelihood that particular detections are tornadic based on a variety of detection
attributes (such as rotationa velocity, depth, etc.). We then gpply the posterior probabilities of
the well-verified dataset to a test data set that is assumed to be poorly verified (the poorly-
verified data st is actudly a three-year nearly-conclusve set of dl the sorm-scde vortex
detections collected from the PRittsburgh radar during 1996-1998). The resulting synthetic
climatologicd vdues for the number of tornadoes are quite Smilar to the actud number of
reported tornadoes within the domain of the radar for the poorly verified data set.

New Volume Coverage Pattern (VCP) Development and Testing (Contributor: Janish)

CIMMS has worked with NSSL to anadyze sx new optimized WSR-88D Volume Coverage
Patterns (VCP). Three of these will replace the four operationa VCPs (11, 21, 31, and 32). The
three new VCPs have been developed with an angle sdection hat dlows for less uncertainty of
echo height measurement between adjacent eevation scans. By sdecting a dightly faster antenna
rotation, the new VCPs dso indude more devation angles for the entire volume scan, including
much more dense coverage a the lowest elevation scans (3 or 4 devations scans between 0.5 and
1.5 degrees, when there used to be only 2). A brand new "Fast-VCP' has been developed which
bascdly is a "hdf* VCP — it updates a 2.3-minute intervas to dlow for the observation of
quickly evalving low-dtitude phenomena such as tornadoes and downbursts. Two more VCPs,
which incorporate a Multiple-Pulse Repetition Frequency (PRF) Dediasng Algorithm (MPDA),
have aso been developed. The experimentd KCRI WSR-88D in Norman Oklahoma is being
used to collect experimenta datausing al sx new VCPs.

CIMMS scientists helped NSSL scientists identify radar coverage problems by smulating "cone
of dlence’ problems with the sx experimentad VCPs throughout the contiguous US. Terran
blockage was taken into account a8 WSR-88D dgtes near mountains. CIMMS worked with NSSL
to amulate the spatia coverage provided within the three composite layers (0-24,000 ft, 24-
33,000 ft, 33-60,000 ft) and the spatia coverage that would be available to detect storms that
extend to heights of 30,000 ft and 60,000 ft. The findings will be used to answer how wdl they
provide the data needed to produce the WSR-88D composite layer products and the echo top
product.

Working with NSSL, CIMMS aso continues to research optima scaning drategies for
mountaintop radar Stes. These draegies employ the use of eevation angles bedow 0.5 degrees
such that the lowest devaion angles skim the vdley surfaces and maximize full volume
coverage for the densest population centers. Since eevation angles bedow 0.5 degrees ae
currently not authorized, these new mountaintop VCPs are not expected to be implemented until
thisredriction islifted.

Comparison of WSR-88D Data to the 3 May 1999 Oklahoma City Tornado Damage Path
(Contributors: Stumpf, McCoy)

CIMMS stientists were indrumental in developing a highly detalled damage survey of the 3 May
1999 F-5 tornado that struck the Oklahoma City metropolitan area. The survey maps include



contours of the Fujitascae damage intengty rating, which were developed using ground and
aerid surveys. These F-scde contours were then digitized into shgpe files for use within
ArcView GIS.

WSR-88D radar data from Twin Lakes, OK (KTLX) were adso digitized as ArcView shapefiles,
and overlaid wth the Fscae damage contours to compare the radar observations with the actua
damage path of the tornado. Furthermore, output from the NSSL Mesocyclone Detection
Algorithm a the 0.5-degree devation angle was dso digitized and compared with the actual
damage path location. Initid findings indicate that the WSR-88D observed vortex detections
were about the same diameter as the tornado in rurd Grady County (3/4 mile wide), but larger
than the damage path width in Clevdand and Oklahoma Counties (radar 3/4 mile wide, tornado
1/3 mile wide). These findings indicate that the WSR-88D does not detect the actua tornadic
vortex except for the most rare very large tornado cases ("wedge" tornadoes), and only close to
the radar. The distance between the radar-detected vortex and the damage path was typicaly no
more than 1/2 km.

Severe Storms Analysis Program - SSAP (Contributors. Stumpf, Cooper, Smith)

In support of ongoing CIMMS research, CIMMS scientists continued to develop, maintain and
enhance ther Severe Storms Andyss Package (SSAP), incduding the following meteorologica
dgorithms that have been evduated off-line and in red-time during NWS forecast office
operationad tests.

Tornmado Warning Applicationss Mesocyclone Detection  Algorithm (MDA); Tornado
Detection Algorithm (TDA); Vortex Deection and Diagnoss Algorithm (VDDA);
Bounded Wesk Echo Region (BWER) dgorithm;

Severe Storm Warning Applications Storm  Cdl  Identification and Tracking (SCIT)
dgorithm; Hal Detection Algorithm (HDA); Damaging Downburst Prediction and
Detection Algorithm (DDPDA);

Applications related to both: Near- Storm Environmenta (NSE) agorithm

All dgorithms have been converted to output data in "rgpid updaie’ mode (currently only
displayable in WDSS-1I). On the basdine WSR-88D sydem, the dgorithm information is
processed after an entire volume scan is completed, and volume products are typicaly 5-6
minutes older than the lowedt-dtitude devation scan in that volume. Rapid Update mode alows
for dgorithm information to be processed after each devation scan, for more timely output of
information to warning forecasters.

Development is nearly completed to recode the SSAP dgorithms to C++ and for the future
WSR-88D Open-Sysems RPG. The SCIT dgorithm is complete, and the recode SCIT has been
established as the new WSR-88D basdine. The HDA and TDA are nearly complete and are
awaiting fina regresson testing to determine their basdine satus.



Integration of Scale Separation/Correlation Tracker and SCIT (Contributors: Janish,
Elmore, Lakshmanan)

During the pagt year, the latest verson of the SSCT agorithm was acquired from MIT/Lincoln
Laboratory. Work has been completed to dlow the SS/CT dgorithm to utilize NSSL's "hires'
data format for input and to dlow display of forecasts from the SS/CT dgorithm in NSSL's
WDSS-II.  Within the WDSS-1I framework it is possble to dislay the SS/CT dgorithm
forecads dong with the cdl identifications and tracking information from the SCIT dgorithm.
This project supports other ongoing CIMMS research.

Vortex Detection and Diagnosis(Contributors: Stumpf, Marzban)

CIMMS scientists continued to test the Mesocyclone Detection Algorithm (MDA) on an ever-
expanding database congging of a variety of tornadic and nonrtornadic supercel cases. The
MDA dlows for the detection of gormrscde vortices of various szes and strengths, and
classfies them into a number of different vortex types (including Mesocyclone, Low-Topped
Mesocyclone, etc.). Trends of vortex atributes are dso computed. The database now contains
over 130 individud storm event days from a variety of locations across the country. The database
includes over 1000 tornadoes with over 810 hours of radar data. This represents over 60 more
events andyzed since FY 00.

CIMMS <cientists have dso been developing a specia web-based case study collection of a
variety of sorm types collected nationwide. This web page depicts a wide range of the types of
tornadic storms that have been observed with the WSR-88Ds, and provides detaled discussions,
images, and agorithm output eval uations.

Enhancements made to the MDA include the addition of Near-Storm Environmenta (NSE)
agorithm parameters (as derived from RUC mesoscde modd grids). Over 100 NSE parameters
have been incorporated into the MDA (and TDA). Work was completed to datigicadly anayze
the integrated data. Although individua NSE parameters showed little skill by themseves to
discriminate tornadic from non-tornadic detections, a prototype neurd network trained on a
gndl potion of the integrated data st (14 events) showed nearly a doubling in the skill (usng
Hedke Skill Statistic as a measure) in diagnosing the probability of a tornado for each detection
(from about 35% to 60%). A more robust neurd network & presently being developed that is
being trained on the 83-event Tornado Warning Guidance data .

Web-based tornado warning guidance truthing software was evauated to ad CIMMS scientists
and NWS fidd forecagters in the development of locd MDA and TDA data sets, suitable for
loca adaptable parameters sudies, and for the incorporation of fild data into the nationwide
database to be collected at NSSL. The software guides forecasters by usng the same truthing,
asociaion, and scoring methods employed by the NSSL and ROC so that there is consgstency in
vaidation efforts.

Bounded Weak Echo Region (BWER) Algorithm (Contributors: Lakshmanan, Stumpf)



A Bounded Weak Echo Region (BWER) agorithm was developed in 1998 to detect and classfy
(usng probabiligic "confidence' factors) week-echo vaults within severe thundersorms using
WSR-88D reflectivity data The BWER data has been integrated with the MDA and TDA data
for the entire 123-event Tornado Warning Guidance data set. An 83-event combined
MDA/TDA/BWER and NSE dataset are being used to develop a new neura network, and to
devdop dedtidicad andyses for the 2002 NWS Tornado Warning Guidance (TWG02)
documentation.

Neural Network and Statistical Analyses (Contributors: Marzban, Stumpf)

Three neurd networks for the HDA were updated, completed, and implemented into WDSS.
These are. one for producing a Probability of Severe Hal (POSH); another for estimating
Maximum Expected Hal Sze (MEHS) in some physca unit; and a third for estimeting the hall
size in terms of three size classes (> .75", >1.5", >2.25"). A journd article was accepted for
publication.

A number of datigtica techniques were goplied to an 83-event data set for the purpose of
extracting Tornado Warning Guidance.  Also, a prdiminay MDA/TDA/BWER/NSE neurd
network was developed based on the 83-event data set. A journd aticle on a Markov chain for
tornadic activity was completed and submitted as well.

Hail Detection Algorithm (HDA) - New Techniquesfor Severe Hail Detection and Prediction
(Contributor: Marzban)

The neural networks developed for the HDA were implemented into NSSL/SWAT Severe Storm
Analyss Package (SSAP). The HDA now makes predictions for the Probability of Hail (POH),
POSH, MEHS, and conditiona probabilities of hall occurring in one of three different sze
categories "coin" dze (0.75 - 1.3 in.), “golf-bdl” sze (1.3 - 2.3 in.), and “basebdl” sze (>2.3
in.). All of these predictions, except for the POH, are produced by the HDA's neural networks.
An initid tes of the new HDA and SSAP showed that the various hail sze predictions looked
reasonable. However, some anomalies were observed in the POSH output, which are currently
being invedtigated.

Damaging Downburst Prediction and Detection Algorithm (Contributors: Smith, Myers,
Elmore)

The Damaging Wind Events Database, used to build prediction equations for the DDPDA, was
expanded by 48 severe downburst-producing storm cells and 1137 cdls that did not produce
severe winds. These dorms are classfied as "pulse’ cdls tha formed in an environment of
moderate-to-high convective available potentid energy (CAPE) and wesk verticd wind shear.
This brings the total number of cdls in the database to 148 severe and 2445 non-severe cdlls,
from 76 different event days. Approximately one haf of these events are from the U.S. Desart
Southwest region. One quarter of the remaning events are from the Forida/Georgia region,
while the remaining events are scattered across the Midwest and Centrd Atlantic Sates.



Near-Storm Environment (NSE) Algorithm (Contributors: Stumpf, Spencer)

The god of the NSE dgorithm is to integrate Doppler radar and mesoscale modd data to provide
the SSAP dgorithms with information about the environment of each storm cdl, such as shear
and stability parameters. Currently, NSE uses output from the Rapid Update Cycle-2 (RUC2)
model to help determine the environment of storm cells.

During the past year, CIMMS stientistss completed a datisticd study of integrated MDA, TDA,
and NSE data for the Tornado Warning Guidance. NSE gridded data are hilinearly interpolated
to the location of the MDA and TDA centroids to determine values for each vortex detection.
Initial results looked a bivariate digtributions of the data, and this suggested that only a few NSE
vaiables offer some diagnogdic vaue for determining whether or not an dgorithm-detected
storm-scale vortex is tornadic or non-tornadic. Later, a neura network was developed on the
data set. An early neural network using a subset of the data showed nearly a doubling in the skill
(usng Heidke Skill Statistic as a measure) in diagnosing the probability of a tornado for each
detection (from about 32% for a neurd network with no NSE data to 60% for a neural network
that included NSE data). A more robust neura network using the NSE data is being developed,
with results forthcoming during the next fiscd year.

NSE data are aso used to improve the HDA and the DDPDA. The NSE adgorithm aso supplies
real-time datato severa of NSSL/SWAT WDSS redl-time data Sites.

Storm Cell Identification and Tracking (SCIT) Algorithm: Vertical and Time Association
I mprovements (Contributor: Krause)

The gods of the SCIT dgorithm are to accurately identify the complete depth (volume) of each
gorm cell and to correctly match cells between volume scans so as to provide reliable trend and
forecat movement information. Numerous deficiencies in the tracking routines have been
identified, and many traced back to erors in the vertica association routines. A multiple-year
project with the ROC Applications Branch was darted this year to identify methods to improve
the vertical association within the SCIT dgorithm.

Ensemble Cloud Model Applications (Contributors: Elmore, Zaras, Baldwin)

Starting 15 July 2001, a cloud modd ensemble has been run daly a NSSL with output supplied
to the SPC and available on the web. Each day, the ensemble is run over a region centered on a
point. The location of the point is determined based on the Day 2 convective outlook form the
SPC. The cloud modd ensemble conssts of 39 separate cloud mode runs, each initidlized with a
different sounding. The cloud moded is the COllaboartive Modd for Mesoscde Atmospheric
Simulation (COMMAYS) developed by Dr. Lou Wicker of NSSL. The mode is nitidized as a
horizontdly homogenous environment usng a sngle sounding, derived from a mesoscde modd.
The soundings come from a 160 km by 160 km region over a period of 9 hours. Two separate
ensembles are run.  The fird uses a mixture of the operationd Eta and the Eta run a 22 km grid
goacing usng the Kan-Fritch convective parameterization (EtaKF). The second ensemble uses a
mixture of the RUC20 and the EtaKF. The cloud modd uses 1.25 km horizonta grid spacing
and a dretched vertical grid with an equivadent computationd spacing of 450 m. The modd is



run for a 2 h smulation and convection is initidized with a 3.5 K warm bubble. Because a warm
bubble conditutes and unbalanced initid date, there is a "spin-up" period for the model. Hence,
the firda 30 minutes of amulation time are discarded. Note that this kind of initidization does
not hep determine if convection will occur. Ingght into the initiation of convection has not been
tested. The ensemble is intended to provide conditional guidance; should storms occur, the
ensamble is intended to provide indght into the naure of the convection. The ensemble
is run on a 40-node Beowulf cluster consisting of 40 450-MHz Intel Pentium-111 processors, each
with 193 MB of RAM.

The maximum vertica velocity anywhere in the grid domain is retained from each run. A sorm
is defined to exig when the maximum vertical velocity exceeds 8 m/s. A time sies of the
maximum verticd velocity is andyzed to yidd likdy modes for the convection. For example,
there may be a srong, long-lived mode, a medium length, medium strength mode, and findly a
short, weak "pulse-type’ mode.

In addition, a supercel criterion is gpplied, and smulated storms that meet the supercdl criteria
are highlighted. Supercdl criteria are met for any storm that lasts longer than 40 minutes and
mantans a corrdaion between mid-levd veticd vorticity and mid-levd verticd vedocity
gregter than 1 m/s of at least 0.5 for at least 20 minutes. A height of 5 km is used as mid-levd for
this purpose. Thus, if the correation between those vertica velocities greater than 1 m/s a 5 km
and the verticd vorticity fidd a 5 km is a least 0.5, and is maintained for a least 20 minutes for
agorm that lasts at least 40 minutes, the supercdl criteria are met.

The project continues through 30 September 2001. No formd analyss is yet available, but
informa discussons with SPC  forecasters indicate that the ensemble provides useful
information. Also, there is some indication that simulated storms that are short-lived but that
contain large verticd velocities tend to be dsrongly corrdated with severe wind reports in and
aound the ensemble region, but this indicator has not yet undergone formd andyss Formd
andysswill begin in September 2001.

Weather and Radar Processor (WARP) Base Reflectivity Radar Mosaic (BRRM) Algorithms
(Contributor: Porter)

Work to date has centered on generating a white paper that describes the various current methods
for removing anomaous propagation and ground clutter (AP and GC) in the Weather and Radar
Processor (WARP). The primary WARP contractor is currently behind schedule, so the data
collection and andlysis phase has yet to begin. As soon as data are available, the current WARP
AP and GC dgorithms will undergo a rigorous ddidica evauation to determine optima
parameter settings and overdl peformance. Based on these resultss CIMMS scientists will
collaborate with those a NSSL to make recommendations regarding the next leve of
improvements to be made.

Evaluation of ARPS and GDST 1-6 Hour Forecasts(Contributors. Porter, Janish)

Six-hour forecasts of pogtion, coverage, and strength for five srongly-forced convective events
from the Advanced Regiona Prediction Sysem (ARPS) and MIT/Lincoln Lab's Growth and



Decay Tracker (GDST) were compared using datigica indices such as Probability of Detection
(POD), Fdse Alarm Rate (FAR), and Critical Success Index (CSl). Subjective parameters are
adso used to evaduate forecasts (eg., storm intendty, initiaion locaion, movement, growth and
decay) including a synopsis of the sormscaemesoscae environment. Test cases are selected
from the Spring Operations Period 1999 (SOP99) - a red-time forecast testing period that
demongrated the vaue of initidizing the modd with Leve-Il1l (NIDS) WSR-88D radar data
ARPS forecasts dways contain the proper mode and orientation of convective systems providing
potentid for accurate forecasts. However, ARPS did suffer from some consstent forecast
problems associated primarily with spurious convection, ared coverage of higher reflectivities,
and intendgty of convection. In generd, the GDST is dile to discern the magnitude of
propagation for convective sysems as a whole, dthough it fals to smulate the initistion of new
convection. It is able to produce a more accurate forecast over the initid 2hour forecast period
while ARPS forecasts produce more skillful forecasts in the 26 hour forecast period. POD and
CSl values for the GDST are very near 20 by the second hour of the forecast, but higher than
the averaged ARPS vdues through the first forecast hour. Beyond the second hour, the ARPS
POD and CSl vaues rise with POD averaged vaues near 0.35 and CSl averaged vaues near
0.13.

Plans- FY02

I mplementation of CIMMS Stratiform Cloud Parameterization into a NWP Regional Model
(Contributors: CIMMS Cloud Physics Group, led by Y. Kogan)

In the coming year the 6-year project supported by the Department of Defense Grant to OU
under the Multidisciplinary Univerdty Research Initiative Program will be completed. A
presentation of the research findings at scientific conferences and in journa publications will be
an important part of this year's effort.

Quantitative Precipitation Estimation Using Multiple Sensors - QPE SUMS (Contributors:
Gourley, Maddox, Arthur, Zhang)

Improvement of the QPE SUMS dgorithm will continue. Specificadly, efforts are underway to
integrate RUC-2 model data in the QPE scheme. Also, a radar notification product will be
generated that describes how frequently the radar data from a given NEXRAD dte is
transmitting data to the mechine where the software is running. Ladtly, more robugt logic is
being developed for the utilization of high-density rain gauge networks.

Supercell Identification Algorithm (Contributor: Lynn)

The Supercdl Identification Algorithm will be optimized usng a tet data sat. The dgorithm
will then be evauated on other data sets and tested in red-time using the WDSS- 11 testbed.



Storm Cell ldentification Through K-Means Clustering of Base Radar Data (Contributor:
Lakshmanan)

Future plans for this project include adding a hierarchicd overlap segmentation for use in storm
cdl tracking.

Three-dimensional Multiple Radar Reflectivity Mosaic (Contributors: Zhang, Gourley)

Will continue to improve the mosaic dgorithm and begin to develop new products from the
reflectivity mosaic grid. We will dso devdop a multi-resolution, nested grid of multiple radar
reflectivity mosaic for the FAA’s northeast U.S. corridor.

Warning Decision Making Analysis(Contributors. Magsig, Wood, Yu, Hoggard, Tan)

Warning decison-making anayss is planned to continue in the next plan year. One of the areas
of andyss will focus on WDTB workshops deding with warning methodologes. While
workshops have primarily been focused on severe wesather associated with deep convection, they
ae growing to include severe winter weether forecagting. From the collaboration in these
workshops, refinement of multi-sensor warning methodologies are planned as they rdate to
tornadoes, hail, wind, flash flooding, and winter weeather. More focus will be given to developing
meaningful grgphical and text products that concisgly convey information and uncertainty. How
to best utilize ensembles of numericd mode guidance in the warning decison-making process
will dso be anew component of warning decison making anaysis.

Warning-Related Forecast | mprovements (Contributors: Magsig, Wood, Yu, Hoggard, Tan)

Ongoing warning-related forecast improvements are planned to continue a WDTB in the next
year. More time will be spent usng high-resolution radar data (such as the Doppler On Whedls)
to evduae sampling limitations of the operationd WSR-88D radar. Multi-sensor integration into
warning decisontmaking will continue to be an area of active research. Determining optima
ways to ensamble numericd mode guidance into warning decison meking for severe deep
convection and winter weather are dso planned. Exploring new ways to verify warnings and
severe westher will occur in the next yeer.

Warning Simulation (Contributors: Magsig, Wood, Yu, Hoggard, Tan)

Enhancements are planned for the current CIMMS warning dmulation cgpabilities. More
decison support tools, such as the System for Convection Analyss and Nowcasting (SCAN) and
verson 2 of the Hash Hood Monitoring and Prediction Sysem (FFMP 2.0), are going to be
added to the Warning Event Smulator to evduae methodologies in warning decison making.
An automated warning andyss component is aso planned to verify the accuracy and content of
generated warnings for research into new warning verification techniques. More research into
warning decison-meaking usng the Waning Event Smulator is planned on past events and any
new events occurring during the next year.



National Basin Delineation (Contributors. Cox, Arthur, Kuhnert, Slayter)

The current national basin ddineation project will conclude during October 2001. However,
many issues such as maintenance of the basin data set, updates to incorporate improved terrain
data, and training for NWS forecast office gaff on how to use and/or edit the files will remain.
The NSSL basin delinestion group hopes to continue to provide support for this data set and its
USErs.

Taiwan Basin Delineation (Contributors: Cox, Arthur)

To support the implementation of the QPE-SUMS precipitation dgorithm and a distributed
hydrologic modd, basns will be ddinested for Tawan. The ddinegtion will be based on 40-
meter resolution digitd terrain data usng ArcView GIS with the Spatid Anayst Extenson.

FFMP Implementation and | mprovementsin AWIPS (Contributor: Xin)

We will pursue enhancements and improvements for FFMP and add more flexibility for users to
utilize the sysem. We may dso perform apha tests at wesether forecast offices and river forecast
centersto get valuable feedback on the release of the product.

RIDDS Support, Maintenance, and I nstallation (Contributors. Benner, Cooper)

The RIDDS project will undergo mgor changes during the upcoming year because of the
ingdlation of the Open RPG a dl WSR-88D stes ORPG will bring with it a new Base Data
Didribution Sysem (BDDS). BDDS will change the connection architecture at al WSSR-88D
gtes. The year will be spent in switching to the new BDDS a dl WSR-88D gtes. In addition, at
many dtes, the architecture will be further changed to combine with the Collaborative Radar
Acquistion Fidd Test (CRAFT) to provide compresson (lower bandwidth) of the transmitted
data

I mproving Numerical Guidance for Mesoscale Forecasting (Contributors: Kain, Baldwin)

We will continue to produce semi-operationa (twice daily) forecasts with our experimenta
varson of the Eta modd. We will continue to use verification datistics to compare the two
vesons of the modd and look for ways to improve the Kain-Fritsch convective
parameterization scheme. Thiswork will be done in close collaboration with SPC forecasters.

A semi-operationa procedure for running and evauating the WRF modd will be developed. In
particular, the computationd performance of the mode will be optimized and forecasts will be
generated at least once dally. Forecast output will be disseminated to SPC forecast workstations
in a format dmilar to Eta modd output. This will facilitate comparison with other operationa
and experimental models a NSSL/SPC. Modd output will be evauated subjectivey in
collaboration with SPC forecadters, in addition to objectively, using both traditiona verification
metrics and new techniques that are currently under development.



Collaborations with the Operational Forecasting Community (Contributors: Kain, Baldwin)

Ancther forecast and research program will be designed this year and executed in the spring of
2002. This dudy will likdy have a component of interaction with two mgor fied programs, but
will focus on the combined interests of NSSL and SPC. Additiond sudent mentorships are
likely and involvement with COMET will continue.

Verification I ssuesin Forecasting (Contributors: Kain, Baldwin)

Computation of the ET and bias scores for various operationd and experimental prediction
modds (incdluding Eta and WRF) will continue. These scores will be computed in an automated
fashion for the verification of quantitative precipitation amounts, and will adso be utilized for
comparison with the subjective verification dataset collected during the NSSL-SPC spring
program. The long-term archive of Eta modd forecasts will be ddidicdly andyzed to
determine dgnificant sysematic errors, broken down as a function of season or predominant
flow pettern. New verification techniques will be developed and compared with traditiond
accuracy measures. Our drategy in developing these new techniques is to decompose forecast
and observed fidds into sats of meteorological events or phenomena that can be objectively
classfied. Once identified within the fields, the joint probability of the observed and predicted
events will be andyzed. To ensure that the information obtained by these new verification
methods are of vaue to operationd forecagters, this work will proceed as a collaborative effort
between the NWS (including the SPC, EMC, and HPC), OU, and the NSSL.

WSR-88D Algorithm Testing And Display System (Contributor: Cooper)

WATADS support will continue as in the past reporting year. If the Nationd Climatic Data
Center (NCDC) changes the format of the Leve Il (high-resolution) WSR-88D data they now
distribute, WATADS will be modified to accept the new NCDC formats, possbly including files
transferred via FTP.

The Risks and Rewards of High-Resolution Mesoscale Modeling (Contributor: Schult2)

Due to the increase in computer speed and the power of numerica weather prediction modes,
numericadl modding is the on the verge of providing high-resolution (1-2 km horizonta grid
gpacing) model output in an operational forecast environment. The potentia benefits of such
resolution are tremendous. The potentia for misuse, misinterpretation, and mistakes is dso high,
however. Combining research results from severa groups who are actively pursuing the future
of operationa numerica modeling, this research ams to address what the risks and rewards of
high-resolution numerica modding are. The god is to write a Bulletin of the AMS article that
will address these topics.

Hazardous Winter Weather Climatologies (Contributor: Cortinas)

Usng available surface observations from 1976 to 1990, this project will continue to andyze the
digribution of freezing ran, freezing drizzle, and ice pdletls across North America  This



andysis will be published and digtributed to NWS westher forecasters for use in winter weather
forecadting.

Creation, Evaluation, and Implementation of a Precipitation-Type Forecasting System
(Contributor: Cortinas)

During the next year, dgorithm output will be collected and provided to NWS forecasters from
November 2001 through March 2002. Verificaion dudies will be performed usng the dgorithm
output that was created during the winters of 2000-2001 and 2001-2002. This verification Sudy
will determine the quality of the forecast sysem and determine if a combination of the agorithm
output provides forecasters with additiona information about the accuracy of the forecast.

NSSL/ROC Level || Database (Contributors: Smith, Palmer)

NSSL/SWAT, with support from the ROC Applications Branch, will continue to acquire
additionadl radar and environmental data. The database and web dte will dso be redesigned to
better serve our customers. NSSL/SWAT will develop an on-line specidized Leve |l database
and digitdly store compressed Leve-Il data on a terabyte RAID system that will dlow for easier
access and FTP downloads of our datasets.

NWS Tornado Warning Guidance (Contributors: Stumpf, Marzban, Burke, Cheresnick,
Hannon, McCoy)

The 2002 Tornado Warning Guidance document will expand upon the 1999 edition. It will
include an updated quditative general guidance section based on leading-edge research results,
including information on integrating knowledge of the near-sorm environment into tornado
warning decison meking. It will dso include results from the new datisicd andyss of MDA,
TDA, and BWER data that:

Will include integrated NSE agorithm data from the RUC1 and RUC2 mesoscale models
Divison of daa into subsets representing various storm types as dictated by the NSE
(eg., mini-supercdl, squal line tornadoes, tropica-cyclone tornadoes, HP, LP, or CL
supercells, etc.)

Divison of data by range (km) from the radar

A greatly expanded data set (83 cases with integrated data from al 4 dgorithms)

The 2002 document will be released to NWS forecast offices dtes prior to the 2002 convective
Season.

Climatology of Radar Signatures Using the WSR-88D (Contributors: Stumpf, Marzban,
Cheresnick, Hannon, Palmer)

With these nearly complete multi-year data sets from the two radars, CIMMS employees plan to
determine the kinds of datigtics that can be generated for dl the WSR-88D dgites nationwide. The
vison is to develop web resources that will automaticdly taly and update, in red-time, Satigtics
for dl the WSR-83D radars in order to deveop a nationa climatologica database. The



Mesocyclone Project at the OU School of Meteorology has been set up to develop the red-time
climatology system, and CIMMSS scientigts are working in concert with them.

The above problem is one-dimensond, resulting in a sngle number of tornadoes synthesized for
a given area and period of time. During the next year, CIMMS scientists plan to develop a two-
dimensond gspatid synthetic cdimatology for the same dataset, and compare the results to the
gpatia digtribution of tornadoes for the same period. A tempora analyss will dso be conducted
to synthesize the spatia tornado digtribution by season.

New Volume Coverage Pattern (VCP) Development and Testing (Contributor: Janish)

CIMMS will work with NSSL scientists to subjectively evduate the system impacts of the two
newly optimized MPDA-VCPs tha teke advantage of the greater tempora and verticd
reolution of the experimentd VCPs and the veocity dediasing cepability of MPDA scans.
Also, CIMMS will study the dgorithm’s performance using the Fast-VCPs that updates in about
haf the time (2.3 minutes) of the present VCPs. CIMMS will dso collaborate with the ROC
Applications Branch to perform a codt-benefit andyss of the effect of the new VCPs on the
system, figuring in benefits to warning improvement. CIMMS will dso continue working with
NSSL and ROC to study mountaintop VCPs.

Comparison of WSR-88D data to the 3 May 1999 Oklahoma City Tornado Damage Path
(Contributors: Stumpf, McCoy)

CIMMS scientigs plan to continue the andyss comparing the damage path to radar data from
higher devations This could be hdpful in determining the tilt of typicd radar-detected tornadic
vortices, and to ad in the location of tornadoes on the ground given the combination of the
height of the radar beam and other parameters such as shear that may affect the tilt of a vortex
within a thundersorm. This will provide additiond gspatid information for operationd tornado
warning decison-making.

Severe Storms Analysis Program - SSAP (Contributors: Stumpf, Cooper, Smith)

In support of the integration of Termina Doppler Weather Radar (TDWR) and the future Phased
Array Radar (PAR), CIMMS employees plan to migrate the SSAP to a multiple-radar platform,
combining data from multiple radars a rapidly-updating regular intervals (30-60 seconds) using
virtud multiple-radar volume scans (which are VCP independent) and 3D mosaic radar products
(reflectivity, azimuthd and radid shear).

Future agorithm development will support ongoing CIMMS research and will be facilitated by
the WDSS-II, its display system, and its set of common Application Program Interfaces (AP1S).

Integration of Scale Separation/Correlation Tracker and SCIT (Contributors: Janish,
Elmore, Lakshmanan)

Future work will focus on software changes that will alow the SS/ICT dgorithm to run in red
time within the WDSSII framework, alongsde NSSL's other experimentd agorithms.



Vortex Detection and Diagnosis(Contributors. Stumpf, Marzban)

CIMMS scientigs plan to deveop and examine multiple-radar versons of MDA and TDA that
will run on virtua blended volume scans in rapid update mode. CIMMS will dso complete the
development of an MDA/TDA/BWER/NSE neurd network.

As the firg versons of the WDSSII are rdleased, initid source code testing for the Vortex
Detection and Diagnoss Algorithm (VDDA), an dgorithm that combines ideass from the MDA
and TDA but with improved vortex detection and diagnos's techniques, will commence.

Bounded Weak Echo Region (BWER) Algorithm (Contributors: Lakshmanan, Stumpf)

Work will continue to evduate the BWER dgorithm, induding integraing the information with
other data sources.

Neural Network and Statistical Analyses (Contributors: Marzban, Stumpf, Spencer)

CIMMS stientigts plan to findize the testing of the HDA neura network. We dso plan to
findize the devdopment of the MDA/TDA/BWER/NSE neurd network for the 83-event
Tornado Warning Guidance data st.

Hail Detection Algorithm (HDA) - New Techniques for Severe Hail Detection/Prediction
(Contributor: Marzban)

The new HDA neurd networks will be evaluated during red-time testing of the WDSSII system.

Damaging Downburst Prediction and Detection Algorithm (Contributors: Smith, Myers,
Elmore)

Plans for 2002 include the development of a new version of the DDPDA prediction equations
based on the expanded data set. A formal DDPDA journd publication isin development as well.

Near-Storm Environment (NSE) Algorithm (Contributors: Stumpf, Spencer)

To assig with ongoing CIMMS research, CIMMS scientists plan to modernize the NSE
dgorithm. The plans indude porting the dgorithm to Linux, adgpting it to run with the latest
verson of the Rapid Update Cycle modd (RUC20), making the dgorithm more flexible in its
input grid architecture (to run on any mesoscale model, eg., ARPS, LAPS, MM5), and recoding
it in an object-oriented language (C++) and optimizing the code.

Storm Cell Identification and Tracking (SCIT) Algorithm: Vertical and Time Association
I mprovements (Contributor: Krause)

In order to improve the accuracy of the SCIT dgorithm, changes will be made to the agorithm's
vertical association process to reduce the frequency of storm "fragmentation” (i.e.,, the tendency
of the agorithm to produce multiple cdl detections within an individud sorm). The criteria for



merging SCIT detections in dose proximity to one another will be modified so as to minimize
gorm fragmentation. Also, an dternate verticd association procedure involving the ared overlap
of 2D sorm components will be compared to the current method (which smply checks the
proximity of centroids locations). Other methods to improve the verticd and time association
will also be tested during the year.

Ensemble Cloud Model Applications (Contributors: Elmore, Zaras, Baldwin)

The overdl ensemble will be revamped to make three separate runs based on mesoscale output
form three different models. This way, should forecasters determine that a systematic error in
one modd leads to unreasonable or unredigtic initid conditions, ensemble members from that
modd could be excised. Verification will beafocd point. We can eadly verify the following:

Storm occurrence in and near the ensemble region (binary yes'no)

Damage occurrence (binary yesno)

Damage type (categorical TOR, HAIL, WIND)

Supercell occurrence (binary yes/no, requires daily verification analysis by hand)
Storm lifetime (continuous, requires WSR-88D leve |1 data from ensemble region)
Do certain mesoscale models work better in different scenarios?

Weather and Radar Processor (WARP) Base Reflectivity Radar Mosaic (BRRM) Algorithms
(Contributor: Porter)

The UnisyWARP anomaous propagation and ground clutter agorithms will be evauaed to
determine the optimal setting of the techniques adaptable parameters. The optimd setting of the
parameters may be a function of westher regime and geographical location.

Physical Process Studies in Support of SPC Forecast Tool Development (Contributors:
CIMMS Scientists at SPC)

Studies involving CIMMS scientists will focus on mesoscde and synoptic scde sysems that
caue "extreme' events involving severe wegther, heavy rans or flash floods, heavy freezing
ran, heavy snow, or the rgpid soread of wildfires. Studies will aso be undertaken reative to
wegther events in which one type of hazardous weather evolves into another type (eg., severe
wegther evolving into heavy rans or flash floods) and in which sysems involve multiple
hazardous weather e ements smultaneously.

Specific research efforts anticipated include investigations of cloud-to-ground and totd lightning
climatologies and the development of techniques to refine their prediction. Additiona efforts are
needed to improve underganding of convective initigion (both timing and location) to ad
forecasts of severe convection and produce improved tornado and severe thunderstorm lead
times. Better underdanding of the physica processng governing the initid mode of deep
convection and the processes governing the tempora evolution of convection are dso essentid
to improved forecasts.  Findly, al invedtigations will include efforts to creste and exploit
gynergies between the forecast and research communities.  Advances made in the fundamenta
understanding of the processes governing mesoscale wesather systems obtained through the



rescarch described above will then dlow SPC scientigs to effectively develop tools and
techniques to help forecasters make needed decisions.

3. Climatic Effects of/Controls on M esoscale Pr ocesses

Progress— FYO1

Atmospheric Radiation Measurement (ARM) Program of the U.S. Department of Energy
(Contributors: Lamb, Peppler, Bahrmann, Sonntag, Dean, Kogan, Richardson)

For amost 10 years, CIMMS has played a pivotd role in the Atmospheric Radiation
Measurement (ARM) Program of the U.S. Department of Energy. The ARM Program is part of
the U.S effort concerning “globd waming” -- it has the “ultimate god of improving the
parameterizations of clouds and radiation used in climate modds’ that are being employed to
anticipate globd and regiond cdimate for the coming decades This climate modd improvement
is heavily dependent on measurements of the aimosphere and earth’s surface being made across
three large regions -- the Southern Great Plains, the Tropicad Western Pacific Ocean, and the
North Sope of Alaska and adjacent Artic Ocean.

Since April 1992, CIMMS has played the role of “Site Scientist” for the Southern Great Plains
ARM Ste. This involves (1) provison of scientific guidance for dte operations, (2) conducting
a substantial research program that uses observations from the ste and feeds back to enhance the
effectiveness of the dte, and (3) providing educationd outreach across the K-12 leves to
approximately 200 schools in Oklahoma and south-central Kansas.  The educational outreach
component is performed by the Oklahoma Climatological Survey. Because of CIMMS' superior
performance in this Site Scientist role, it was chosen in 2000 to aso house the new Data Quality
Office for the entire ARM €ffort, involving the data from dl three ARM sdtes. Two CIMMS
scientigs dso act as “Ingrument Mentors’ for particular suites of instruments a the ARM gtes.

ARM SGP Ste Scietis Team activity dso includes paticipation in Intendve Observationd
Periods (IOPs) conducted at or near the Central Fecility ste. During the past year CIMMS
paticipated in many of these multi agency IOPs, including the ARM-FIRE Water Vapor
Experiment in November-December 2000 and the EOS MOPITT Vdidation Exercise (MOVE)
Campaign.  In addition, a CIMMS Scientis spent dgnificant time a the Centrd Facility
providing SGP Ste Operations personnd with scientific support for the operation of the ste.
This stientis dso paticipated in fidd dte ingpection vists as pat of the Continuous Qudity
Improvement Program (CQIP). The CQIP is a fidd ingpection program designed to routindy
evauate collection sites from the scientific, engineering, operationd, and safety perspectives.

CIMMS involvement in the internationd ARM Program has produced many scientific journd
papers, a number of M.Sc. Theses and Ph.D. Dissertations, national and internationa recognition
for a growing number of faculty, scientists, and graduate students, and exposure of K-12 students
to daa and results from a cutting edge globa waming project. Funding from the U.S.
Depatment of Energy for 1992-2004 will gpproach $7.5 million. This ARM effort has been an
important contributor to the impressive strengthening of the total OU Meteorology Program.



ARM Program Data Quality Office (Contributors: Peppler, Sonntag, Dean, Bahrmann)

The ARM Data Qudity Office was edtablished a CIMMS in July 2000 with staff hired in July
2000 and January 2001, respectively. The office has the responghility to:

Devedop and implement a process to sysematicdly ingpect and assess dl ARM
datastreams, including those from the Southern Great Plains, Tropicd Western Pacific,
and North Sope of Alaska Sites,

Comprehensively inspect and assess ARM  datastreams for qudlity (this activity is done in
coordination with ARM Program instrument mentors and site scientists);

Tranamit quality assessment results to Ste operators in a timey manner so that corrective
maintenance and troubleshooting can be accomplished quickly, reducing the amount of
unacceptable data collected (done in coordination with ingrument mentors and Ste
scientists);

Trangmit quality assessment results to data users in a reasonable fashion so that they may
make informed decisons whenusing ARM datain their research,

Ensure that documentation (now web-based) about ARM data qudity is available and
ussful to dl; and

Participate in discussons relevant to furthering the ARM data quality program.

Activity has occurred to date in al sx categories, though the prime thrust of the past year has
come within the firs responsbility, and has involved cregtion of the process (sysem) with which
to inspect and assess ARM datastreams. It is web-based and can be seen for the Southern Great
Pains gte at http://rl.sgp.arm.gov/~sgpdg/ QCNEW/home.html.

North Atlantic Climate Variability on Different Timescales (Contributors: Portis, EI Hamly,
Lamb)

The North Atlantic Oscillation (NAO) is a robust regiond circulation patern with a very
importart location in the climate sysslem. It occurs over magor oceanic gyres that are linked to
the thermohdine circulation that affects globa climate. There is evidence that the NAO plays a
ggnificant role in capping or intendfying the convection within these gyres through advection of
Arctic sea ice, the advection of waters into the gyres of different sdinity and temperature, or in-
gtu precipitation. The NAO dso has a significant impact on regiona precipitation patterns over
northern Europe and northwest Africa Since 1994, our research group has investigated in depth
the NAO control on Moroccan precipitation that maximizes over the northwest and southwest
regions of the country during winter. One of our primary objectives was to generate seasond
precipitation forecasts for Moroccan officids so that they could make better socio-economic
decisons.

Undergtanding the tempora and timescale behavior of the NAO sgnd is essentid for developing
its predictive capability. We have invesigated the NAO dgnd over seasond, intraseasond,
decadd and century timescales. Since there is a seasonal migration of the centers of actions of
the NAO, we developed a “mobile’ index. As measured by the new “mobile’ index (NAOm),
the NAO mantans its intendty from winter-to-summer to a greater degree than has been
indicated by traditiond NAO indices based on fixed dations in the esstern North Atlantic.



Monthly hemispheric teleconnection maps show that the broader associations of the NAO,
paticularly over the western North Atlantic and eastern North America, are more apparent
during spring-summer-autumn when the new NAOm index is used. This NAOm has enabled us
to study the coupling between the seasons in the evolution of the NAO on intraseasond and
decada timescales We beieve tha this is an important key to understanding the climatic forces
behind the NAO on different timescales and to developing predictive capability.

Over the past year, our work on the behavior of the NAO sgnd on different timescdes has had
internationad exposure.  We have had one paper published, another one submitted, and have
made three poster presentations at the Chapman Conference on the NAO that was held in Spain.
Currently, we are working on a comprehensive paper detailing al of our work in this area.

North Atlantic Storm Track Variability and Associations with Monthly Regional Climate
Variations (Contributors. Portis, EI Hamly, Lamb)

Fifty-two years (1948-99) of reandyss products and other data (eg., NAO) was used to
document North Atlantic winter storm track variability (October-March) and its associaions
with monthly regiond climae vaiations. Cyclone counts were esimated by Serreze€'s cyclone
detection and tracking dgorithm usng 6-hourly NCEP/NCAR reandyss sea leve pressure
(SLP) fidds The study domain extended over the Atlantic basin from 20°N to 72°N, and from
80°W to *. The firg step in our anadyss was the condruction of a cyclone track densty fied
(CDF) for the study domain. The CDF fidd was designed to provide a description of the sorm
tracks on time scaes of two weeks and longer, rather than to describe the movement of
individud cycones

The principd modes of North Atlantic winter sorm track varigbility were identified from a
rotated principa component andyss of the CDF fidd. The cyclone behavior over the North
Atlantic can be classfied into Sx mgor regime patterns, corresponding to the pogtive and
negative amplitude excursons of each of the firg three rotated principad components. These
patterns were found to be dynamicdly consgent with the anomay fidds of SLP and 500hPa
height. The centers of action for the first rotated principa component (RPC1) have the closest
location to the Icdandic low and the Azores high. RPCl-based awmposte differences of SLPA
and CDFA resemble a strong positive NAO. RPC2-based composite differences of SLPA and
CDFA resemble a negative phase of the NAO with the southward migration of the NAO centers.
It is the pogtive pattern of this regime that brings the most cyclones into the Iberian Peninsula
and Morocco. RPC3-based composite differences of SLPA and CDFA show that this is a very
dry pattern for Europe. The linkage between the NAO and these CDF patterns was further
investigated by spatid correlation of these patterns with the NAO index and composites of the
CDF patterns during extreme phases of the NAO.

I nvestigation of Temporal and Spatial Variations of Broadband Surface Albedo across the
ARM Southern Great Plains Area (Contributors. Duchon and Hamm)

Surface adbedos have been caculated for days of little or no detectable cloud cover usng data
obtaned from sx ARM Program SGP extended facilities (EFs). [The sx locations were
previoudy sdected from dl radiometer-equipped EFs to be the most representative of their



aurroundings] Plots have been prepared showing the diurnd variations of clear-sky abedo for
the dx gtes over the 2-year period of study. Additional plots have been prepared showing
seasona  variations of clear-sky abedo. Dependence of clear-sky dbedo on antecedent rainfal
has ds0 been studied. Current work includes a climatologicd study of daily surface abedo for
al radiometer-equipped EFs. Software is currently being devel oped to facilitate this study.

Soil Moisture from the Oklahoma 'Moistnet' (Contributors: Bahrmann, Lamb, Crawford,
Starks)

Coordination continued at OU and the University of Idaho between the ARM, USDA/ARS, and
Oklahoma Mesonet soil moisture measurement networks regarding cdibration and vaidation
efforts. The devdopment of a second-generation cdibration technique to address sensor
limitations under wet conditions led to a mgor reprocessing effort on the archived ARM sl
moisture data.

A manuscript entitled “Spatiotemporad  Variations in Soil Water: Fird Results from the ARM
SGP CART Network” is being composed. This manuscript provides a description of the ARM
s0il moisure (“SWATS’) sensors and network, outlines cdibration issues, and discusses
representative time series from the first three years of operation. Of specid interest are periods
of drying in spring and summer and subsequent cool season recharge of soil water.

Characteristics of the Kiremt (June-September) Rainy Season in Ethiopia (Tessema and
Lamb)

One of the most important steps in investigating the characterigtics of the main rainy season of
Ethiopia is deveoping a unique research-quaity database. Starting with a trip to Ethiopia in
June 2000, we have collected and computerized dally rainfall data for 120 dations that have 13
to 50 years of observations, and 25 years of daily upper-ar soundings for Addis Ababa. This
database, the firsd of its kind for Ethiopia, was extensvely quality controlled through visud
ingpections and computerized program checks.

The next mgor accomplishment was the objective determination of the start and end times of the
rany season of Ethiopia based on daly ranfal of 120 dations. In addition, we have objectively
determined the 'bresks of the summer rains. These objective analyses have provided not only
the climatology of onset, cessation and bresks, but dso enadbled us to investigate the interannua
vaiability of ranfdl, and specificaly the characterisics and causes of droughts in Ethiopia In
this regard we have made a prdiminary investigation to understand the causes of the extreme
drought of 1984, one of the most severe droughts of Ethiopia.

SuomiNet Efforts in the U.S. Southern Great Plains (Contributors. Peppler, Ahern, Carr,
Droegemeier)

SuomiNet is a universty-based, red-time, nationa network of Globa Postioning Sysem (GPS)
indalations established in 2000 for geosciences research and education, with funding from the
National Science Foundation and cost sharing from collaborating universities.  The network
exploits the ability of ground-based GPS receivers to make atmospheric measurements, including



integrated water vgpor. OU, in partnership with the U.S. DOE ARM Program, has participated
during the past year in the establishment of geodetic qudity SuomiNet recavers a 15 ARM
Southern Great Plains extended facilities located throughout Oklahoma and Kansas and at the
Norman Oklahoma Mesonet weather gtation in centrd Oklahoma. Data collection has begun a
some locations.

Plans—FYQ2
Use of the ECHAMS GCM for Regional Climate Modeling (Contributor: Lamb)

CIMMS wishes to pursue additiond climate research and gpplications over the next severd years
that will in particular involve work with the imminent ECHAMS GCM from the Max-Planck
Ingtitut fur Meteorologie (MPIM), including nesting the CAPS regiond scde modd (ARPS)
within ECHAMS5 to address regiona climate issues. The ECHAMS5 GCM would be ported to
and operate on an OU supercomputing sysem. On the bads of prdiminary discussons with
MPIM, we expect this will be collaborative between our inditutes. This collaboration will likely
include MPIM sending a sequence of Vigting Scientists to CIMMS for periods of 12 years per
person. The collaboration has dso been extended to involve a large multinationa company
(Williams, Inc)) that is interested in usng ECHAMS to guide its season-to-season planning and
operations.

Role of Tropical Atlantic Ocean in West African and North Atlantic Climate Variability
(Contributor: Lamb)

The response of the Atlantic Ocean to ENSO (El Nifio/Southern Oscillation) is currently an
important  theme for the developing internationd Climae Vaiability and Predictability
(CLIVAR) Program. The subsequent response of the Atlantic-North Africa climate system,
epecidly in terms of the finer fabric of climate, such as changes in weather events, is a further
important theme, edablishing the science that will lead to societal gpplications of the CLIVAR
program. This project will ded with both of these themes following on from previous findings
by CIMMS and other researchers that suggest the problems posed here are tractable.  The focus
is on a paticular period in the anua cycle and for two particular regions — subtropica
Northwest Africa in March-April and West Africa in May-October. The research will be
conducted through andysis of a range of data sets and modd smulations. Daily rainfal data
sets for West Africa and Morocco will be used in conjunction with the reandyss daa sets,
outgoing longwave radiation, globd sea-surface temperature (SST), and the PIRATA moored
aray in the tropicd Atlantic. Diagnogtic findings will be supported and further investigated
through a set of targeted modeling experiments. The ECHAMS GCM will be usad to study the
large-scale response of the atmosphere to SST in sdected years, while the ARPS Limited Area
Mode (LAM) will be nested within the ECHAMS to invedigate the extent to which the finer
fabric of the climate anomdies (eg. changes in weether system frequency) can be smulaed by
the modds, and to invedigate detalls such as how SST modifies the moisture fluxes feeding to
individual wegther sysems. The ARPS modd has dready been successfully nested in the
ECHAM4 GCM in house at CIMMS.



Atmospheric Radiation Measurement (ARM) Program of the U.S. Department of Energy
(Contributors: Lamb, Bahrmann, Richardson)

Funding from the ARM Program has been received for three more years, taking us out to our 12"
year of involvement in the program. Immediate plans cdl for the hiring of an additiond dte
scientist to perform scientific support for Ste operations a our Lamont, OK, centrd facility and
research on instrument- specific issues.

Ingrument mentoring activities within the Ste Scentis Team & CIMMS will dso continue for
chilled mirror hygrometers and the soil water and temperature syssem. Mentors are charged with
deploying, maintaining, and improving insrument systems, and assuring the qudity of the daa
from them.

The absolute accuracy of Vaisda radiosondes used in the ARM Program is being examined by
CIMMS and Argonne Nationd Laboratory to ensure that accurate estimates of column water
vapor can be obtained. A more detalled andyss of radiosonde accuracy is needed and will be
conducted during the next two years. This anadyds will include the dud sonde launches that
have occurred a the ARM Centrd Facility during intensve observation periods, and comparison
of surface sonde measurements with highly accurate surface measurements of temperature and
rdive humidity. This research may result in a procedure that can be used to scale the sonde
reaive humidity over the entire verticd profile bassed on a surface reference point (the
temperature measurements from the sondes have proven very accurate, so a temperature scaing

will not be necessary).

The SGP dte scientist team a CIMMS will adso continue to provide support for quicklook
(visud ad) devdlopment on SGP data streams as part of its routine duties. Scientists from
Argonne National Laboratory, the Universty of Utah, Eastern lllinois University, and OU have
recelved NSF funding related to ARM quicklooks. The goa of the project is to use near-red
time visudization of amospheric data and the associated visudization code as a collection for
the Nationd Science, Mahematics Engineering, and Technology Educaion Digitd Library
(NSDL)-Atmospheric Visudization Collection, and as a research training ground for students.
CIMMS is involved in this proect as a programming and scientific consultant on ARM
indrumentation and associated data streams. The initid funding is for two years and began in
late 2000. This project will represent a new aspect for ARM quicklooks and educationa
outreach, and hep ARM meet its needs for providing redl time quicklooks. A highly popular
web Site has been developed and is continudly being augmented with new visuds.

ARM Program Data Quality Office (Contributors: Peppler, Sonntag, Dean, Bahrmann)

Work in the next year will focus on extending the newly developed system for comprehersivey
ingpecting and assessing Southern Great Plains datastreams to the Tropical Western Pecific and
North Slope of Alaska data collection stes. Once completed, we will take a new look a how
data vadues ae flagged in present automaed agorithms with the god of improving them.
Methods of looking a longer time series of data will dso be explored, with the god of
automaticaly detecting indrument degradetion and cdibration drift. ~ The improvement of
documentation will be a prime focus of the next year as well.



North Atlantic Climate Variability on Different Timescales (Contributors: Portis, EI Hamly,
Lamb)

Submission of the comprenensve NAO paper summarizing al of our NAO work on different
timescaes is forthcoming. This paper will explore the NAO signd in the context of the entire
cdendar year to see if there is a cohesve sgnd among the months on different timescales. In the
case of decadd variability, this paper hopes to shed some light on a recent debate surrounding
the NAO - is its decadd vaiadility jus an integration of the dochestic varidbility of the
atmosphere, or are other climatic factorsinvolved (e.g., the ocean and the cryosphere)?

North Atlantic Storm Track Variability and Associations with Monthly Regional Climate
Variations (Contributors: Portis, El Hamly, Lamb)

We plan to participate in the Arctic Oscillation (AO)/NAO sesson a the American Geophysica
Union fdl meaing 10-14 December 2001 in San Francisco, Cdifornia  For this meeting, Mr. El
Hamly will build on his past research by investigating the linkage of the AO to the storm track
vaiability of the Atlantic Basn. He will dso use this research on the winter sorm track
variability over the North Atlantic for his doctord thesis.

Investigation of Temporal and Spatial Variations of Broadband Surface Albedo across the
ARM Southern Great Plains Area (Contributors. Duchon and Hamm)

Future work includes continuing andyss of the spaia and tempord gradients of clear-sky
abedo to better determine their dependence on precipitation, soil moisture, and vegetation cover.
In addition, the climatologicd study of daily surface dbedo for our sx primary stes will be used
to veify sadlite edimates of broadband surface dbedo usng the AVHRR radiometer.
Completion of this work will result in a M.Sc. thess in meteorology and serve as the badis for a
journa manuscript.

Characteristics of the Kiremt (June-September) Rainy Season in Ethiopia (Tessema and
Lamb)

This research will be findized with a comprehensve invedigation of the interannud variability
of the onset, cessation, and bresks of the principa Ethiopian rainfal season in association with
local upper ar soundings and globa amospheric and oceanic circulation patterns.  The results of
the study are expected to be published in amgor journd.

Accuracy of Atoll Rainfall Measurements (Contributor: Morrissey)

Rainfal and its associated processes are important for the baances involved in the globd cdimate
sygem. In dtu measurements of rainfal in the tropicd Pecific ae dmost exclusvely made from
idands. It is cdear that idands with imposng teran grongly affect locad meteorologica
conditions, and that the rainfal amounts measured on those idands are not representative of open
ocean conditions. Less clear is the representativeness of rainfall measurements taken on atolls or
idands with minimad terrain, where orographic lifting likdy does not influence westher
conditions. However, hedting of shdlow waer in the lagoons encirding these idands and the



resulting increased oceanratmosphere heat flux (relaive to the open ocean), plus the greater
roughness of the idand surface itsdlf, may have an impact on the initiation of convection. If so,
conditions over on the leeward side of the doll may not be representative of conditions over the
open ocean.

A combined rain gauge and radar study conducted by CIMMS is proposed to revea whether
there are variaions in the weather and climate across atolls or idands and aso to the leaward
dde of aolls The Doppler-on-Wheds (DOW) radars would be transported by ship to an atoll
such as Mguro (which has paved road around 180 degrees of the atoll ring), or other atolls in the
tropicd Pacific region of interest, to dudy precipitation sysems and invedigate if ran
preferentidly initiates on or near the aolls. In addition, a network of automaticaly recording
ran gauges would be placed a roughly 30-degree intervas around the Mguro aoll (i.e, a tota
of approximately 12) to study whether, in a cimatological sense, there is an enhancement of
precipitation on different ddes of the aodll having different wind regimes. The surface-based
rain data and the radar data would aso be compared with TRMM rainfal measurements.

SuomiNet Efforts in the U.S. Southern Great Plains (Contributors: Peppler, Ahern, Carr,
Droegemeier)

The scientific goplicability of the SuomiNet Stes recent edtablished within Oklahoma and
Kansas will have severa unique aspects.  SuomiNet water vapor data will augment ARM's suite
of water vapor measurements, which includes a GPS micronet centered on the dtés centrd
facility in northern Oklahoma, a number of microwave radiometers, a microwave profiler, a
Raman lidar, an amospheric emitted radiance interferometer, radiosondes, and various standard
relative humidity devices located a ground levd and on a 60-m tower. The ability to perform
water vapor measurement intercomparison studies, conduct instrument development, and operate
enhanced, short-term water vapor experiments over the region will be greatly enhanced by
SuomiNet's dud-frequency GPS recavers. These high qudity recavers, dong with co-located
surface meteorologicad data, will alow direct measurement of wet delay and, therefore, tota
dant-path water vapor between the surface and the satellites overhead. The average dation
gacing is 50-60 km, thus providing a meso-beta scde horizontd digtribution of integrated
precipiteéble water. One unique aspect of the ARM deployment will be the use of ruggedized
laptop computers to collect the GPS data and push them to SuomiNet computers every 30
minutes using loca Internet Service Providers (ISPs). The OU School of Meteorology and
Center for the Andyss and Prediction of Storms (CAPS) will evduate the potentid of usng the
suite of water vapor measurements to improve the skill of numerica weather forecast modes
such as ARPS. Because these receivers were placed on geodetic-quaity monuments drilled into
bedrock, OU cientists in the School of Geology axd Geophyscs will use the pogtion
information provided by the GPS recaivers to conduct plate tectonics studies.



4. Socioeconomic Impacts of Mesoscale Weather Systems and Regional Scale Climate
Variations

Progress— FYO1

Mitigating Severe Weather Impacts on Society and the Civil Infrastructure (Contributor:
Vieux)

Over the last 35 years, the costs of wegther-related disasters have doubled or tripled each decade.
Wesather-rdated natural disasters adone have taken lives, damaged property, and produced other
codts averaging a least $50 hillion per year. The mid-continenta U.S. from the Gulf coadd
plains to Canada experience naturd hazards related to severe storms every year. The May 3,
1999 tornado outbresks in Oklahoma and Kansas, and numerous flood events, are potent
examples of the hazards that severe storms pose to communities. The reported costs of such
disssters are just a fraction of the actual costs, which include damages to naturd resources, 10ss
of landfill capacity, loss of wages, productivity, and threats to public hedth. The costs of naturd
hazards are projected to increase if deps are not taken to help communities reduce their
vulnerability and prevent naturd hazards from becoming naurad disssers.  These increasing
costs are of great concern to government agencies, the private sector, and the public.

In response to a multitude of naturd hazards and disasters, national focus is changing from
reective to proactive efforts to reduce impacts to society. For efforts ranging from learning the
best methods of response to developing of mitigation measures, a venue was needed to bring
together the diversty of dakeholder organizations, both public and private, to formulate
drategies for improving the safety and wel being of society so that a naturd hazard does not
become a dissger. Mitigaion planning is an emerging indudtry requiring expertise ranging
across scientific and engineering disciplines.  As a dat to ressarch on these subjects, a
symposum was held in spring 2001 in Tulsa, Oklahoma It focused on weather-related disasters,
bridging enginesring and meteorologica disciplines, to reduce societd impeacts, loss of life, and
property loss. This symposum addressed the issues of severe wesather impacts on the civil
infragtructure, best methods to mitigate disasters, and new technologies for prediction and
dissamination of information and warnings  The ultimate gods of this symposum were to
develop intervention drategies, identify chalenges for the future, and determine how to proceed.
Topics included floods, wind, drought and other severe impacts of weather and storms.  Groups
who planned this event include the Oklahoma Weather Center (of which CIMMS is part), the
OU International Center for Naturd Hazards and Disaster Research, and the OU School of Civil
Engineering and Environmental Sciences, in collaboration with FEMA Project Impact, Tulsa
Project Impact, the Oklahoma Department of Civil Emergency Management, the NWS, NSSL,
and other local, state and federal agencies.

Plans— FY(02
Regional Climate I mpact Studies (Contributor: Lamb)

Recent years have dramaticaly reinforced that seasond cdlimate extremes can have profound
societd and economic impacts, and, conversdly, that climate information and predictions can be



used for public good and economic advantage. Fortunately, 35 years of scientific discovery have
provided understanding and methods needed to predict — severd months in advance and with
consderable confidence and accuracy — seasond precipitation and temperature anomaies for
some regions in some years.  Further progress must and will occur as world demand for climate
information and predictions increases.

During the next year and continuing throughout the period of the new cooperative agreement,
CIMMS proposes to undertake focused research and development to underpin regiond climate
impact prediction capabilities for areas of 108 to 10° sq km. The god of this effort will be the
devdopment and demondration of complete, rigoroudy scientific technologies that connect
regiond dimate predictions with socioeconomic impacts to fecilitate formation of societd
response drategies. It will draw on, integrate, and enhance expertise at three locations — OU
(weather sysem observation and smulaion; regiond cimate diagnosic and impact andyss and
prediction; energy economics and policy; science and public policy); Texas A&M Universty
(economic, environmentd and naturd resource, public hedth, hydrologic, and biophysicd
andyss and dmulation; communications and public policy); and Scripps Inditute of
Oceanography  (regiond and globd climate smulation, ocean-amosphere interaction anayss
and smulation; hydrologic impacts).

CIMMS will develop prediction capabilities for spatid extent, timing, and magnitude of regiond
cimate impacts, to capitdize on improving capability to smulate and predict large-scde globd
climate sysem behavior. Its uniqueness will result from targeting specific demondration regions
to quantify crucid dimate-environment-society linkages. These linkages extend from the globa
cdimate sysem through weather patterns to regiond-scde cdimae anomaies, and on to
environmental and biophysicd impacts with societd consequences.  We will establish these
linkages through combined use of environmenta, economic, and behaviord data, dHetidtica
techniques, and a suite of modds.  This will complement and asist operationd climate
prediction units emerging worldwide.

This focus is a the forefront of the U.S. Globa Change Research Program (USGCRP). A U.S.
Nationa Asessment of the potentiad consequences of climate variability, mandated under the
USGCRRP, is now under review. CIMMS will develop the capability to routindy perform such a
function in the future through interactions with public and private sector decison-makers, and so
could act as a prime facilitator and coordinator of subsequent Assessments.

Elements of this project will start soon, as OU President David Boren has agreed to provide $1
million over the next five years to expand the Climate Research and Development done within
CIMMS. This new money will support three podtions -- a Climate Outreach Coordinator, who
will be shared with the OU Ingitute for Energy Economics and Policy (IEEP); a post-doctoral
sientig to datidicaly invedigate the linkages between regiond dimate variability and energy
demand/prices (dso to be shared with IEEP); and another podst-doctora scientist to conduct
experiments with the ECHAM 5 GCM (soledly within CIMMS; as indicated above, probably with
a person on loan from Max-Planck Inditute). The initid effort will emphasze interactions
between regiona wegther/climate and energy demand, avallability and price.  There will likely
be ggnificant involvement of the private sector. A mgor nationa workshop on this topic is
being planned.



Societal | mpacts and I nterdisciplinary Research (Contributors: Doswell and Greene)

In collaboration with Prof. Scott Greene (OU Department of Geography), a project is being
consgdered that will undertake one of severd candidate projects aimed at assessng the societd
impact of westher information. A graduate student has been identified and once the project is
determined, a proposa will be written to seek funding support for this work.

5. Doppler Weather Radar Resear ch and Development

Progress- FYO1

C-Band (5.5 cm) Dual Linear Polarimetric/Doppler Radars for Weather and Weather
Engineering Research (Contributors: Straka, Wicker, Ziegler)

During the past year mogst of the fabrication of the Shared Mobile Atmospheric Research and
Teaching (SMART) radars was completed. Parts were obtained to congtruct the radar systems
and the truck assemblies. A desgn upgrade replaced the older combinaion of high voltage
power supply, pulse forming network, and vacuum relay with the newer integraied solid date
modulator assembly, which will be required to ultimately add polarization. The radar parts
included <abilized locd oscillators (STALO), the SIGMET digitd antenna controllers, and
lid-state modulator assemblies for two radars. As of 30 June 2001, we and the other
collaborating inditutions completed two radar sysems and two truck assemblies. Pededtals,
transmitter cabinets, and generators were integrated to both trucks, and one of the radar systems
was fully integrated to one of the truck assemblies.

Digital Ingest and Archive of WSR-88D Base Data as a Prototype for a National System and
CRAFT: A Prototype for Accessing and Distributing WSR-88D Base Data (Contributors:
Droegemeier et al.)

The CRAFT (OU CAPS collaboration with the NOAA Wesather Partners) network of WSR-88D
radars that deliver compressed Leve |l data via the Internet in real time has been expanded from
6 (i.e, the origind radars located in and around Oklahoma) to 21, with 18 more radars to be
added by the end of cdendar year 2001. The Nationd Climatic Data Center now is receiving
and directly archiving, on its HDSS system, Levd Il data from these 21 radars, thus completely
bypassng the legacy 8mm tape recording methodology. Indeed, CRAFT has been so successful
as a prototype that 8 mm recording has been discontinued at 13 stes.  The data archiva rate a
NCDC, which was gpproximately 65% based upon the 8 mm recording technology, is well above
95% under Project CRAFT.

Wheress efforts to date in Project CRAFT have focused mostly on the acquidtion of data from
the radars, atention now is being given to data dissemination via collaboraive research
patnerships with  universties (UCLA, Washington, Penn State, lllinois), NOAA
laboratories/operational centers (FSL, NCEP), and private companies (WeatherData, Baron
Savices).  Initid work in daa mining aso has begun, with emphass on establishing
cimatologies of and interrdationships among convective sorm dtributes (e.g., VIL, echo top,



echo mass and area, motion). These early results are being used as a foundation for follow-on
proposas to the Nationa Science Foundation.

Meteorological Algorithm Recode (Contributor: Krause)

The Recode project has completed maor deiverables this past year and worked on
improvements to last year's ddiverables. Last year, the Recode project provided the SCIT
dgorithms to the ROC Applications Branch. This year, working with NSSL on the verticd
association task, we were able to improve and Sabilize the dgorithm, and it is now ready for
additiond testing and vdidation. The Recode project aso coded, tested, and ddivered the
Tornado Detection Algorithm this year and is in the process of tesing the Hal Detection
Algorithm.

Open Systems Radar Product Generator - ORPG (Contributors. Adams, Burcham, Forren,
Priegnitz, Thompson, Suppes, Jing, Ray)

The ORPG Project is a cooperative project between the NSSL and the Tri-Agency NEXRAD
Program. We continued to support the implementation and testing of the ORPG software. Work
over the past year focused on the communication area, supporting development and system
teting, and documenting the ORPG <oftware. Ealy in 2000, the manufacturer of the
communication server for the ORPG wert out of busness. A replacement server was identified
and software adjustments and extensive testing were required to incorporate the new hardware
into the ORPG. Working closdly with the NWS, extensive tedting (integration and system level)
was conducted. Software defects detected during testing and selected enhancements requested
by the NWS were addressed during this period. Documentation of the software design and
implementation went into full swing later in the period. Advanced technicd training in operating
gystems, interconnectivity, and related areas required for ORPG deployment support readiness
was completed as well. Deveopment and implementation was completed of a unique training
program that systematically prepares ROC hotline operations personnel to support worldwide
fidding of the advanced open architecture radar product generator ORPG throughout the
NEXRAD network.

NEXRAD Open Principal User Processor - OPUP (Contributors. Ciardi, Lakshmanan,
Brogden, Kerr)

The OPUP team has developed additiond capabilities for managing the interface with the WSR-
88D Radar Product Generator (RPG) and displaying data. Severd of the ealy display
prototypes were redesigned to provide more functiondity and ease of use.

Re-enginegring has included the formation of regiond weather hubs that took over responshility
for issuing westher warnings and termind forecasts from the base weather units so that the base
westher units could concentrate on providing misson-unique westher support. The OPUP will
replace some of the PUPs currently in use throughout the Air Force Weather Agency (AFWA).

While the old PUP could have only one dedicated telecom connection to a NEXRAD radar and
had only one workstation, the OPUP can have dedicated connections to up to 20 radars and
products can be displayed on multiple workstations over a locd area network.  The project



began in late 1997 and is scheduled to finish in October 2003. In January 2000, the project
dhifted from a “watefdl” to a “spird” devdopment modd to satisfy AFWA's requirement for
earlier deployment.

The OPUP will be deployed in two phases, cdled Spird | and Spird 1I. Spird | includes the
deployment of four Large OPUP systems to AFWA's four regiona westher hubs at Scott AFB,
IL, Barksdde AFB, LA, Davis-Monthan AFB, AZ, and Shaw AFB, SC. Spird | was completed
31 July 2000, on schedule. From July through March 2001, the OPUP project developed and
then deployed an interim software release that added critica functiondity to the OPUP system.
The additiond functiondity included the &bility to display radar cross-section products,
improvements to dert processng, and the ability to did multiple radars smultaneoudly. In
January 2001, ARWA requested an additional Spird | deployment to Yokota AB, Japan, by 31
August 2001. Deployment preparations were on schedule at the end of the reporting period.

Warning Decision Support System (WDSS) Integrated I nformation - WDSSI | (Contributors:
Lakshmanan, Cooper, Song, Bailor, Lynn, Vaughan)

CIMMS employees desgned a visudization sysem that can interactively process, in red-time,
3D radar data from multiple sources, and integrate them together. It is known as the Warning
Decison Support System (WDSS). The WDSS display software was modified from its early
prototype and has been used to display reflectivity data mosaics from multiple radars, lightning
data, and new dgorithm outputs (including the Hal Detection Algorithm implementation with
neura network output and the dua polarization Hydrometeor Classfication Algorithm from the
Cimarron radar). The display uses an earth-centric coordinate system and an automaticaly
updating Imulation time to manage the digdlay. The 3-dimendond displays dlow the user to
interact with the radar data to display cross sections or CAPPIs from a volume of radar data. The
ability to rgpidly update the dgorithm displays (after each eevation angle) was designed and
developed. The dgorithm outputs from each radar volume were dso ingested and organized into
a table that may be used to generate trends of each detection characteristic. These tables dlow
the user or agorithm developer to access to the time-varying characteristics for use in other
goplications. The WDSS visudization sysem dso integrates magps and other Geographical
Information Systems information such as Digitd Elevation Maps (DEMs). We tested this system
at the National Wesather Service Forecast Office in Norman.

Compression of Radar Reflectivity Data (Contributor: Lakshmanan)

We designed a linear prediction dgorithm adong with a Huffman encoder to efficiently compress
(‘losdess compresson) radar reflectivity data

Joint Polarization Experiment - JPOLE (Contributors: Schuur, Ryzhkov, Krause, Shen)

In the past year, work has progressed an planning for the Joint Polarization Experiment (JPOLE),
which will serve as the first operationd test of weether radar polarimetry. In preparation for the
operationd demondration, which will be conducted as a multi-seasond test and evauation
period (to begin in the soring of 2002) and an intensve observationd period that will utilize the
addition of numerous field facilities for the collection of verification data sets (to begin in the



spring of 2003), prototype red-time polaimetric dgorithms have been developed and supplied
to operationa forecasters at the Norman, OK NWS forecast office since the spring of 2001.

In addition to the operationa demondration, JPOLE will provide an opportunity to investigate
many complementary hydrologicd and meteorologicd scientific objectives. As such, input on
science objectives has been gathered from potential project Pls and work has begun on initid
drafts of project operationa and science overview documents.

Hydrometeor Classification Using Polarimetric Radar (Contributors: Ryzhkov, Schuur,
Krause, Shen, Liu)

A red-time verson of the hydrometeor classfication agorithm based on polarimetric radar data
was developed and tested during the spring/summer convective season of 2001. The current
vason of the red-time dgorithm dlows us to didinguish between different types of rain,
ran/hall mixture, biologicadl scatterers (insects and birds), and ground clutter (including
anomaous propagation echoes). The output products (fields of different polarimetric variables
and reaults of classfication) are delivered on the regular basis to the Norman NWS forecast
office.

Polarimetric Radar Developments (Contributors. Ryzhkov, Schuur, Melnikov, Giangrande,
Godfrey, Krause, Shen)

Regular obsarvations of rain with the Cimarron polarimetric radar combined with observations
from conventional KTLX (centrd Oklahoma) NEXRAD radar, 2D-video-disdrometer, the ARS
rangage micronetwork, and the Oklahoma Mesonet continued through the year. Andyss of
amultaneous data showed that polarimetric rainfal dgorithm gives aout 1.5 to 2 times the
reduction in the standard deviation of the estimate of the one-hour ared rain accumulation for the
micronetwork region (40 by 30 km area). As documented by the 2D-video disdrometer,
polarimetric rainfal esimation dgorithm dearly outpeforms the conventiond method in the
cases of hal contaminaion. Polarimetric data from the testbed WSR-88D radar have been
collected for the firg time. Some engineering and peformance characteristics of the
polarimetrically upgraded WSR-88D were evaluated using observationd data

Multiple PRF Dealiasing Algorithm — MPDA (Contributor: May)

The MPDA dgorithm attempts to reduce range folding in velocity data by combining data from
two or three PRFs for each devation dice. The technique thus far has proven very useful, as it
increases the amount of useful velocity data while decreasng dedliasng erors. The increase in
useful data should improve the performance of other dgorithms, such as the Tornado Detection
Algorithm (TDA) and Mesocyclone Detection Algorithm (MDA). We have been to cdculae
range unfolding and dediasng datigtics for data collected usng VCP44. VCP44 is a volume
coverage pattern that uses 3 different PRFs to collect velocity data. The study has used different
pars of these 3 PRFs, as wdl as each PRF individudly, to compare againg the performance of
the 3 PRFs together. Range unfolding datistics are based upon adgorithm output of the number
of range folded bins in the data Dediasng datistics were cdculated for data gathered by
scoring 3115 velocity images for dedliasing errors.



Plans- FY(Q2
Phased Array Radar (Contributors: Many scientists and engineersat CIMMS and NSSL)

SPY-1 technology (U.S. Navy) will be tested and enhanced at NSSL with the vison of usng this
technology to potentialy upgrade the WSR-88D radars. The Depatment of Defense has
dlocated $10 million for the project, which will creste a testbed facility in Norman during its
initid dage. SPY-1, a phased aray radar, uses multiple beams and frequencies, controlled
eectronicaly, which dlow it to scan the amosphere six times fagter than the WSR-88D. Phased
aray radar uses dectronic scanning to quickly provide a full three-dimensond picture of the
amosphere, and it could ultimately dlow weether forecagters to increase the average tornado
warning lead time from the current 12 minutes to as much as 22 minutes. SPY-1 was origindly
developed by Lockheed Martin to support tactical operations aboard U.S. Navy ships.

C-Band (5.5 cm) Dual Linear Polarimetric/Doppler Radars for Weather and Weather
Engineering Research (Contributors: Straka, Wicker, Ziegler)

The overdl plans for the next year are to complete the Doppler radar fabrication process and
support the initid fidd deployments of the SMART radars. A fire & the NSSL "baloon
barn” on 3 July 2001 destroyed one of the SMART radar trucks. Through the use of NOAA and
OU fire recovery funds, we are proceeding to replace the destroyed truck dong with the radar
pedestdl, bed modifications, hydraulic leveling system, generator, and interior cab modifications
including computers, computer racks, wiring, and communications. Fortunatedly, most of the
other radar components were not yet ingtaled on the destroyed truck and were aso located off-
dte a Texas A&M Univerdty. These components will be integrated to the rebuilt truck when it
is reedy for find assembly. Simultaneoudy with fire recovery, the other SMART radar was
completed and sent o its initia fidd deployment to Key West, Horida for CAMEX and KAMP,
under the supervison of Professor Mike Biggerdaff of Texas A&M. Following from a pending
NSF proposal led by Conrad Ziegler, the god is to have both SMART radars ready to participate
in the IHOP experiment planned for 13 May - 30 June 2002.

Digital Ingest and Archive of WSR-88D Base Data as a Prototype for a National System and
CRAFT: A Prototype for Accessing and Distributing WSR-88D Base Data (Contributors:
Droegemeier et al.)

The move toward full operationd implementaiion of the CRAFT concept, usng the nationd
Abilene network as a foundation, was studied at a Nationd Stakeholder's Workshop held in
Boulder in Februay 2001 and organized jointly by CAPS and the UCAR Unidata Program.
Recommendations from that workshop have been presented to the NWS Office of Science and
Technology, and work continues in evauding a variety of technicd issues induding the
collection of networking latency datigics and plans for phased implementation with the ORPG.
Further, dternative srategies to the use of Abilene are being explored, and cost-benefit andyses
are underway.



Meteorological Algorithm Recode (Contributor: Krause)

Tesding of Hal Detection Algorithm recode will continue, with completion and deivery
expected by 31 September 2001. Thiswill conclude work on the project.

Open Systems Radar Product Generator - ORPG (Contributors: Adams, Burcham, Forren,
Priegnitz, Thompson, Suppes, Jing, Ray)

Support for the system and beta testing of the ORPG project being conducted a the ROC will
continue through October. Completion of the adminigratiion of new technology training for
NEXRAD haotline operations staff will occur.  Completion of the software documentation will
also take place over the same time period, completing this long-term project.

Criticd communications and configuration databases will be updated and cross-checked as
legacy display and andyss equipment is deactivated & NEXRAD fidd gtes throughout the
radar network. Expertise on optimum use of new sysem cgpabilities will be developed and
shared for filtering non-precipitation returns with fidd gtes throughout the radar network.
Assgance will be given to field dtes regarding both the legacy and newly ingtaled computing
architectures and radar systems.

NEXRAD Open System Principal User Processor - OPUP (Contributors: Ciardi,
Lakshmanan, Brogden, Kerr)

The remaining Graphicd User Interface (GUI) screens will be developed and tested prior to
transfer of the code to the Radar Operations Center.

As previoudy sated, the OPUP will be deployed in two phases, cdled Spird | and Spird |II.
Spird | was completed on 31 July 2000. During the upcoming period, the ROC and NSSL will
continue development of Spird 11 software functiondity and hardware integration. The magor
chdlenge facing the project is to integrate OPUP with the AFWA's Operationa Westher
Squadron (OWS) Production System (OPS). Spiral 11 software coding is expected to be
completed in May 2002. At the end of the next reporting period, the OPUP should be
undergoing rigorous system testing.

Warning Decision Support System (WDSS) Integrated | nformation - WDSSI | (Contributors:
Lakshmanan, Cooper, Song, Bailor, Lynn, Vaughan)

Severd additiond display capabilities will be developed to extend the dgorithm development
and evauaion capabilities. The ability to visudize the radar volume will be improved and will
provide the user/developer with a friendlier interface. The 3-dimendond display interface will
adso be improved to provide a more friendly display sysem. The team will dso develop the
capability to display other data sources (surface observetions, satdlite data, and modd data) and
integrate these with the radar and GI S information aready being visudized.



Joint Polarization Experiment - JPOLE (Contributors: Schuur, Ryzhkov, Krause, Shen)

A second JPOLE planning meeting is scheduled for October 2001. After the mesting,
operational and science overview documents will be completed. Work will aso begin to secure
funding for the fiedd phase of the JPOLE project, plan logistics of instrument deployment, and
develop web-based capabilities for sharing redl-time polarimetric products.

Hydrometeor Classification Using Polarimetric Radar (Contributors: Ryzhkov, Schuur,
Krause, Shen, Liu)

Hre-tuning of the red-time cdassfication dgorithm will be peformed on the bass of regular
polarimetric radar observations. Winter precipitation (dry/wet snow) will be added to the lig of
classesfor red-time discrimination.

Polarimetric Radar Developments (Contributors: Ryzhkov, Schuur, Melnikov, Giangrande,
Godfrey, Krause, Shen)

We will continue to collect regular observetions of rainfal with polaimetric and conventiond
radar and make comparisons with different sources of ground-truth information. We will dso
continue to develop red-time versons of the polarimeric ranfal edimation dgorithm and
display. Work will incdude an examination of the range effects on the performance of the rainfdl
polarimetric algorithm. We aso plan to complete polarimetric upgrade of the testbed WSR-88D
radar and evauate the qudity of polarimetric measurements with the data processor in a full-
fledged mode of operation.

Multiple PRF Dealiasing Algorithm — MPDA (Contributor: May)

We plan to continue work with MPDA, andlyzing the performance of kinemeatic agorithms with
MDPA data Daa for this portion of the project will come from a comparison of TDA
performance usng MPDA data to TDA performance using sandard data from the KTLX radar
in central Oklahoma, both for 3 May 1999. We are a0 in the process of gathering more MPDA
data using the KCRI radar, and when such data become available, more analysis will be done.

Snow Accumulation Algorithm — SAA (Contributor: May)

Work is planned for the Snow Accumulation Algorithm (SAA). A new st of adaptable
parameters has been cdculated for the Reno, NV radar, KRGX. We will be comparing
accumulation totals for the 1-hour, 3-hour, and storm tota products against gage measurements
for severd gStes around the radar. It is anticipated that these new parameters will improve the
performance of the SAA.



6. Climate Change M onitoring and Detection

Progress— FYO1
I mplementation of the U.S. Climate Reference Network - CRN (Contributor: Duchon)

The purpose of this project was to advise Climate Reference Network (CRN) management on
dation desgn and deveopment. In addition, advice was provided to NCAR on the design,
execution, and andyss of data collected in the Show Gauge and Wind Shiedd Evauation Studies
conducted during winter 2000-2001 a&& NCAR's Marshdl fidd ste south of Boulder, CO. Data
were collected from 10 dl-show events and 3 rain-show events. The finad report provided a
comparison of snow accumulations from each event for 6 different wind shidds that included use
of heated gauges and an analyss of gauge performance. The report was submitted to project
management on 17 July 2001.

Other Contributionsto the U.S. Climate Reference Network (Contributor: Duchon)

The purpose of this work is to provide continuing advice to the CRN management on dation
development, paticulaly with issues associated with the measurement of precipitation.
Included in this contribution is input relevant to () find sdection of wind shidd types for snow
and rain, (b) determination of which dations should have only a show shidd and which should
have only a rain shidd, (c) sdection of a backup precipitation gauge and which gations should
have a backup gauge, and (d) the sdection of locations for pared CRN dations. This work is
coordinated with  NOAA/NESDISNCDC and the NOAA Atmospheric Turbulence and
Diffuson Divison (ATDD), Oak Ridge, TN.

Plans— FY02

Research Collaborations with the National Climatic Data Center — NCDC (Contributors:
Lamb and NCDC)

The god of this new CIMMS research theme is to study the homogenety or lack thereof of the
higoricd dation records in the U.S. and to use this information to help address climate change
questions, including those stemming from the Intergovernmenta Pand on Climae Change
(IPCC) process. This work will be done in collaboration with NESDIS and its National Climatic
Data Center (NCDC) in Asheville, North Carolina. Specific projects will include:

Radar Precipitation Detection. Work will be done on radar climate precipitation that
puts radar-derived precipitation into historica perspective, thereby making it possble
to use thisinformation for red-time dimate monitoring.

Improved Monitoring.  Improved qudity control procedures will be developed that
merge satdlite, radar, and in gdtu informaion to improve find climate monitoring
capabilities over what might be derived from each of these data sources done.

Wind Climaiology. A wind climatology will be developed sutable for putting red-
time ASOS winds into historica perspective, thereby making ASOS data useful for
dimate monitoring.




Lightning Climatology. A lightning dimatology will be developed to hdp méake
lightning network data ussful for dimete monitoring and to set individua events into
historica perspective.

Qudity Control Usng Climae Reference Saions. An improved qudity control
agoproach  will be deveoped that properly utilizes the highly reigble Climate
Reference Station datain the quality control of nearby cooperative stations.

Sorm Climaology. Storm dimatologies and climate monitoring capabilities will be
developed that will help answer a key set of lingering questions — for example, has
there been a change in number, dimatology, or intendty of nor-easters or Arctic
clippers?

Qudity Control of Hidoricd Climate Daa  Sysems will be developed for
performing a high levd of qudity control (including tempord, spatid, and complex
elementa rdationships) for data that have been recovered via the NOAA Data Rescue
Program and the Climate Database Modernization Program.

Verification of Satellite-Based Rainfall Algorithms for the Global Precipitation Climatology
Project: The Surface Reference Data Center (Contributor: Morrissey)

The Surface Reference Data Center (SRDC) is expected to continue operation over the next
sved yeas The SRDC is a raingauge database that is expanding throughout the tropicdl
Pecific. It is used as ground truth for satelite-based rainfdl dgorithms and conditutes a long-
term dimate-observing network in the Pecific.

As the SRDC begins to use data from a wider range of sources, it is becoming more difficult to
work with the various formats. Gods for the next few years include the design of data ingest and
andyss procedures that are modular.  This will ensure that individua components can be
changed eadly without impacting other procedures.  This will dso dlow new data sets and
andyss procedures to be integrated in a “plug-and-play” fashion. Sustainability is ancther god;
the sysem should be robus and smple enough that anyone can mantain it with a minima
amount of ingruction. Data integrity and security are dso important concerns.  These gods will
be accomplished with the implementation of a new database management system.

[Il.  PUBLIC AFFAIRS AND OUTREACH
ARM Program Educational Outreach (Contributors: Melvin, Kloessel, Bahrmann)

During the past eight years, the Oklahoma Climatological Survey (OCS) has established a solid
infrastructure for atmospheric science education, primarily a the pre-college (K-12) levd, with
the support of the U.S. DOE ARM Program. Environmentd data, including those from the
ARM Southern Greast Plains dte in Oklahoma and Kansas and the Oklahoma Mesonet, are
avallable to educators who have web access (http://outreach.ocs.ou.edw/arny).  Unique display
software has been developed to provide student interactivity with the data Reference materids
and lessons are online and in printed form to aid the educator in the gpplication of the data in the
classroom. And, most importantly, master teachers have been educated to understand and use the



data in ther activities These magter teachers represent a dgnificant resource to provide
workshop ingtruction to additional K -12 teachers.

As the OCS continues to upgrade this infrastructure, the primary god of the next severd years of
the ARM SGP outreach program will be to expand the awareness and use of this infrastructure
across not only Oklahoma and Kansas, but aso across the entire nation. To this end, we will
enhance our Web pages by including more data types, display types, and with help from the
ARM Program, data from the ARM Tropica Western Pecific and North Slope of Alaska locaes.
We will conduct workshops a loca schools in Oklahoma and Kansas and at appropriate
educationd conventions, usng severa of our current madter teachers as indructors. In concert
with the Oklahoma EPSCoR program, we will offer ingruction to faculty a Oklahomas two-
and four-year colleges so that they can include ARM/OCS materids in the courses they offer to
pre-service teachers. We will produce newdetters, conduct science fairs, and give conference
presentations that help publicize the availahility of the data and materias to educators.

In addition, we will continue to develop scientificaly accuraie reference materids and
pedagogicaly sound teaching lessons, placing them online and producing them in print. We will
enhance our software to dlow the overlay of data from different networks, such as ARM's
extended facility doations, Oklahoma Mesonet dtes, and Nationd Weather Service ASOS,
satellite, and NIDS networks.

Workshops on Regional Climate Prediction and Applications (Contributor: Lamb)

This workshop series was initiated by CIMMS in 1999-2000 and will continue through the next
severd years. The workshops are intended to improve the capabilities of nationd meteorological
sarvices (NMSs) in developing nations in the following respects — to understand the behavior of
the globad cdimate sysem; to use such understanding to develop or adapt seasond climate
(especidly ranfal) prediction schemes for thelr countries; and to work with other professonas
in their countries to gpply the prediction schemes in the management of agricultural production,
water resources, energy generation and consumption, and public hedth. The need for these
Workshops emerged from NMS leaders of many developing naions recognizing that their
organizations did not possess the expertise to capitdize on the seasonad prediction and
gpplication opportunities offered by the 1997-98 El Nifio.

Workshops ae hdd a the OU College of Continuing Education, with the primary financid
goonsorship of the International Activities Office of the U.S. National Wesather Service, and
additional support from NOAA’s Office of Globad Programs, the World Meteorologicd
Organization, and other U.S. and internationad agencies. Each Workshop extends, on a full-time
bass, for 6 weeks and has 12-20 participants. Lectures are given by the CIMMS Director, one or
two additional Course Lecturers, and several Guest Lecturers. The participants develop small
research projects using data from their country. The series is intended primarily for young NMS
personnel who have received excdlent training in basic meteorology a a Universty (B.Sc. levd)
or World Meteorological Organization Training School (Class Il levd), but who have limited
exposure to the fundamenta principles of modern climate dynamics and their gpplication to
economic management and other environmentd and societd issues.  Meteorologists who work
outsde ther NMS (eg., in regiond meteorologicd centers like ACMAD and the DMCs,



universities, other government agencies, or NGO's), but who have strong working relationships
with the NMS, may dso be accepted.  Applications are paticulaly encouraged from
meteorologists who have attended preliminary training workshops in climate prediction (eg., the
African Centre of Meteorologicad Applications for Developmet, ACMAD) or had other
opportunities to acquire some basc knowledge of climate dynamics and its gpplications. These
Workshops further develop the skills of such individuds, especidly snce substantiad materia is
presented from the University of OklahomaM.Sc. module in Climate Dynamics.

The First Workshop (late 1999) and Second Workshop (mid-2000) both focused on the Tropical
Atlantic Basin and trained 25 meteorologists from the following nations in Africa, Centrd and
South America, and the Caribbean — Mexico, El Sdvador, Costa Rica (2), Barbados, Netherlands
Antilles, Venezuda, Brazil (4), Paaguay, Argenting, Algeria, Morocco, Senegd, Ghana,
Burkina Faso, Niger, Bénin, Nigeria, Chad, Cameroon, Congo, and Tanzania. The Third
Workshop in mid-2001 cedt with the Tropica Pecific Idands and Rim, and had approximately
20 participants from Maaysa and Vietnam in the west, across the Pecific Idands to Ecuador and
Chile in the east. Subsequent workshops in 2002 and later years will ded with the Circum
Indian Ocean Region and then return to the Tropica Atlantic Basin.

NOAA Weather Partners Educational Outreach (Contributors. Zaras, Tarp)

Throughout the year, outreach saff were involved with numerous activities related to making the
public aware of the research and forecasting/warning activities of CIMMS and its NOAA
Weather Partners:

Gave tours to 1439 people. An additional 800+ attended the NOAA Wesather Partners
Open House

Answered 550 email letters to the NSSL web site

Answered 287 phone cals ranging from tour inquiries to questions about the weether to
mediainterviews

Assged with NSSL/CIMMS exhibit & the American Meteorologicd Society's annud
mesting in Albuquerque, NM in January 2001

Assisted with Operation Warn at the Sooner Mall 14 April 2001

Hosted six teachers from the Oklahoma City Schools for severa days as pat of an
enrichment program.

Mentored severd high school and college students through a NOAA program called
Practicd Hands-On Applicaions to Science Education. The sudents transcribed dl
STEPS audio files from the mobile mesonet vehicles

Updated the Resources for Westher and Climate Instruction document and copied onto
diks for the National Science Tescher's Association Annua Mesting in St Louis in
March 2001. NSSL Director Jeff Kimpel spoke at the meeting

Began (and spent condderable time on) the sdlf-guided tour project for NSSL facility,
where many CIMMS employees work. This involves communicating the breadth of
NSSL's research, including joint CIMMS research projects, in pictures, text, and a
narrated audio CD. Completion is expected in FY 02.



‘NSSL BRIEFINGS' Newsletter (Contributor: Cobb)

We continued our efforts to collect stories on CIMMS and NSSL research activities and publish
this information in a periodic newdetter. This newdetter is sent to collaborators, funding
agencies, managersin NOAA, and other relevant agencies.

NSF Research Experiences for Undergraduates (Contributor: Zaras, Schultz, Kay, Peppler)

A new proposd, with funding through 2003, was awarded to OU for the Research Experiences
for Undergraduates (REU) program, funded by the National Science Foundation. A successful
10-week REU program was conducted during the summer of 2001 involving ten undergraduate
students from across the U.S.  Each student worked on a research project with an OU or NOAA
investigator, wrote a substantia fina paper, and made a conference-style presentation on higher
findings in early August. Recruitment for the summer 2002 REU Program will begin in ealy
2002. The search committee includes severd CIMMS scientigs. A large number of our REU
aumni have received American Meteorological Society awards and fellowships.

IV. COMPUTER SUPPORT
Computer Support Activities Related to CIMMS at the NSSL (Contributor: Skaggs)

Computer support for CIMMS scientists a8 NSSL was reorganized during the past year. The
various support functions were centrdized into one group known as “Information and
Technology Services’ (ITS). This group is responsble for the management and adminidration
of the computer network used by CIMMS scientists. This network conssts of Linux-based
gystems, a dgnificant number of Windows-based and Macintosh clients, and various networking
systems.

CIMMS scientists worked with data users from Audrdia to help them solve problems converting
Audtrdian Doppler radar data to WSR-88D format and to coordinate NSSL agorithm
indalation for use during the 2000 Summer Olympics in Sidney. This dso dlowed CIMMS
scientists to study convective weeather systems outside of the U.S.

CIMMS and NSSL scientistss have sarted development of an advanced data compresson
agorithm that will be used to compress data for trangport on a developing testbed network of
WSR-88D radar systems. This testbed has attracted the attention of the NWS as a potentid
avenue for rdiably archiving WSR-88D data nationwide.

CIMMS computer support scientists also spent much time on “worm” and “virus’ problems, and
computer security in generd.  Time was spent not only on monitoring for these intrusons and
securing computer systems againg them, but dso in rectifying actud problems and assessng
potentia data damage.



CIMMS <tientists are aso responsble for the maintenance and development of the NSSL
webste.  This webste is used to highlight research collaborations with CIMMS scientists as well
asinternd information relevant to al NOAA collaborators working at the NSSL facility.

Computer Support Activities Related to CIMMS at the SPC (Contributor: Liang)

We have improved the peformance of the SPC operational NAWIPS workgationto better
handle the larger, more fine grain data setsin atime critical operationd environment.

With the new NFS server (NetApp F720) we were able to de-couple the compute server and the
file/data server. This configuration dlows SPC to upgrade the compute server with minima
impact to SPC data flow and research efforts.

Continua efforts were made to better monitor data flow and sysem satus. The god is to
proactivedly maintan and repar any problems before they became obvious to the forecast saff
and researchers.

With the rapid improvement and adaptation of the Linux didributions, we experimented Linux
on severd hardware platforms ranging from the entry level Pentiums to Pentium 1Vs with large
memory space to evauate the fitness of Linux systems in the SPC operations. We found some
interesting results with  which we ae cooperating with hardware vendors to  seek
improvements/resol utions.

Plans include continual improvement of SPC data storage. We would like to improve robustness
in daa avaldbility, file-serving speed in preparation for ever-increesng data Sze and higher
network bandwidth.

Evduation of the SPC data storage paradigm will continue. Since we Sarted the new de-coupled
data/compute paradigm last year, we like to find out how wdl it redly worked and any further
improvement we may make.

We like to design and implement a monitoring system to display, in near red time, the progress
of the SPC products digtribution. Currently, when a SPC product is sent, the progress of its
digribution is not immediady known. With the progress monitor, we will be able to better
pinpoint the cause of an unsuccessful product distribution.  With such information, we may be
able to correct the problem quicker or even prevent the problem to occur beforehand.

Computer Support Activities Related to CIMMS at the ROC (Contributor: Covey)

Efforts in licenang, propety management, documentation, updating computers, ingaling
sarvers, and computer networking have been undeteken. Documentation mainly involves the
writing of procedures to perform a particular task correctly. Procedures include specific software
ingallation processes, loading machines, preparing computers from scraich, usng computer
imagng software, and ingtaling print drivers. Solution procedures are aso documented.



Computer Support Activities Related to CIMMS at the NWS Southern Region Headquarters
(Contributor: Grice)

A CIMMS stientit a8 NWS SRH s researching better ways to serve meteorologica data and
information to the public through the Internet.  This research includes desgn of structured query
language (SQL) databases and web-based interfaces to those databases.
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