Project Description
Introduction

Improving today’s weather monitoring and forecagtiaquires an increase in both the resolution
and volume coverage of observations in the lowdsimleters of the troposphere. This is
especially truen Puerto Rico, where complex orography limits tise of traditional long-range
radar systems making the deployment of a netwoghoft range radars an attractive alternative
to observe the weather. While current technology een successfully used for many years to
provide weather forecast, coverage and resolutidheolower atmosphere needs to be improved
to help the scientist to understand today’s rapidhanging weather phenomena that is
undetected under the long-range radar beam. Figah®ws an illustration of the coverage from
the long-range radar. To achieve this goal, a agtwonsisting of three X-band radars that will
have the ability to monitor the earth’s lower trepbere is proposed here. The radars will be
strategically located in the west coast of PuelitiRositioned in a configuration that optimizes
the overall performance of the system. The radawar& will be operated by a Managing
System Control and Decision Center (MSCDC) whiclansintegral part of the system. The
network will provide precise weather forecast toegion in Puerto Rico that has traditionally
been plagued by intense rain and flash floodsdmk o6f precise data and the complex orography
of the Island has lead to poor prediction of thesents.

Different research activities will arise from thewlopment of the X-band radar network.
Hydrologists, atmospheric scientists,
electrical engineers, computer engineers, and
others will join efforts to establish an
unprecedented weather monitoring and
forecast system in Puerto Rico based in the
radar network proposed. The data generated
will also be used by state and federal agencies
to provide precise weather forecast to the
population, potentially saving life and
property. A number of scientist around the
World have also shown interest in studying

Figure 1- Due to Earth’s curvature, 72% of the atmosphere is and underStanding complicated weather
not observed, i.e., undetected weather. phenomena in a tropical and mountainous
environment such as in Puerto Rico, and this systéhprovide the necessary volume coverage
and resolution for research opportunities in tiisalion.

We propose, for the Puerto Rico’s west coast, tweldpment of a network of three short range
dual polarized X-band Doppler radars, this weat®rsing network will achieve breakthrough
improvements in sensitivity and resolution for séingpstorms, thermodynamic state, and other
critical variables throughout the entire troposggher

The radars will be highly reliable, and will opexan collaborative networks that are capable of
targeting an event from multiple angles, to acalyaestimate rainfall levels near the ground,
and to detect precursors of future storms—all spomse to changing end-user needs.



a. Research Activities

Results from Prior NSF Support - Dr. Jose G. Colom is Associate Director of the @mdirative
Adaptive Sensing of the Atmosphere (CASA - NSF Advlumber 0313747) at the University
of Puerto Rico Mayaguez (UPRM), while Dr. Sandra
Cruz Pol is the current Pl at UPRM and Dr. Rafael
Rodriguez Solis is an active researcher of theecent
Under the auspices of CASA, several researchens fro
the University of Massachusetts, Colorado State
University, University of Oklahoma, and UPRM
collaborated to develop a Distributed Collaborative
Adaptive Sensing (DCAS testbed in Oklahoma
[McLaughlin et al. 2005]. The testbed consist$onir
dual polarized X-band Doppler radars separated by
approximately 25 km. The radars are situated in
southern Oklahoma, midway between two WSR-88D
(NEXRAD) radars. Figure-2 shows the four Oklahomaaars in the final phase of their
construction.

Figure 2 - Oklahoma testbed radars

The Oklahoma testbed was deployed in 2006 and &as tully functional since August 2006.
A case study of a nearly stationary east-to-westmwhontal boundary in August 16, 2006
provided storm formations across the testbed looatiThe DCAS data obtained from that day
was then compared to NEXRAD and it revealed mueatgr storm structure in time and space
[Brotzge et al. 2006]. Also, during the spring28f07, data from the four Oklahoma radars and
NEXRAD were combined in a high resolution data mdsition experiment [Brewster, et al.
2006]. In this study, data from the DCAS radars weerged with NEXRAD, filling the domain
below 1.2 km, previously undetected by NEXRAD.

While primary efforts were directed to prov!
DCAS technology at the Oklahoma testbed,
CASA also supported research to be performed

at UPRM. During the last year the first X-band
weather radar developed at UPRM was
deployed in Mayaguez (See Figure 3), a secand
commercially available X-band radar was als
deployed at Aguadilla (northwest) donated |
EWR at Saint Louis, MO. These twq
instruments are non-Doppler single polarizg
radars, but they have provided rain reflectivi
measurements that have been compared to d#n8

generatEd by the Puerto Rico NEXRA Figure 3 - X-band radar on UPRM's ECE Building

(TJUA), located about 150 km east from thc

west coast [Vega, 2007]. UPRM is also involvedha development of future CASA radars
using solid state technology. Prototypes for ahaxXd phase shifter, microstrip antenna arrays,
and power feeding networks were also completedRRM. Most of the circuit’s fabrication




and testing was performed at UPRM thanks to theiiaitgpn of microwave instrumentation

through the NSF MRI: Acquisition of Microwave Ingtnentation for the UPRM Radiation

Laboratory (#9977178) granted in 1999 to Rafael rRpez Solis and José G. Colom, Co-Pl,
and PI of this proposal. The instrumentation aadilifies provided by UPRM (anechoic

chamber) are still fully operational and are an omig@nt part of any microwave frequency
research performed at UPRM, around 26 MSEE and 6@eundergraduate students have
completed or are currently working on their reskawh this instrumentation.

Background - Puerto Rico is a tropical Island located in thetimeastern Caribbean Sea.
Precipitation in this tropical environment is extrgly irregular making precise weather forecast
a major challenge. Precipitation in the Islangrisnarily affected by regions of relatively low
atmospheric pressure imbedded in easterly wavesgdsummer months and cold fronts during
winter months. Mayaguez region is characterize@ byet bi-modal season during the summer
and fall with severe rain and thunderstorms from &titude weather systems that might cause
significant damage depending on the intensity, anelatively dry season during the spring
semester that can be interrupted by an off-seaspical wave or a cold front from the north.

It is well known that there are some limitationss@sated with long-range radar rainfall
estimation [Hunter 1996; Fulton et al. 1998; andstiek et al. 1999], plus high and low radar
reflectivity caused by mountainous region lead ndarestimation or overestimation of rainfall
[Klazura et al. 1999]. In the case of Puerto Rioost of the forecast relies from data generated
by TJUA. Due to the complexity of the terrain,stimadar is placed at high altitudes, and in the
case of Puerto Rico the antenna can be positianed ielevation angle up to 0.5 degrees. The
combination of these factors prevents the radambigam sampling the lower portion of the
atmosphere at far ranges. Using Mayaglez as referesimple calculations that take into
account the earth curvature shows that the fisskfn of the lower atmosphere are not sampled
by TJUA, which causes significant under and ovemegion of rain from the low altitude
weather systems.

A range of mountains along the center of the Islg@ardillera Central) extends all the way to
the west coast partially surrounding Mayaguez ftbennorth, east, and part of the southeast. In
addition there are three rivers (Guanajibo, Yagiaex Afiasco) in the area that flows into the
Mayaguez Bay. Overflow of these rivers in the plags caused considerably property and
human damage. Lower atmosphere and real timethlatdeeds hydrological basin models can
then be used to predict river flows or flash floggland create a warning alarm system that can
potentially save life and property.

Weather Forecasting Alternatives for the Caribbean - Precise weather forecast of the tropics
remains as one of the most challenging researdbstap the scientific community. In addition,

a combination with complex orography can make tlablem extremely difficult if proper data

is not available. The complex terrain with higkemsity rain adds for high probabilities of flash
flooding, mud slides, and river overflows in vulable zones. In densely populated areas people
are exposed to all types of atmospheric relatedamted phenomena and an advanced alarm
warning system that can save life and propertyesrdble. It is well known in the scientific
community that in order to establish such a sysspace and time high resolution data needs to
be provided in real time. Since long-range ragaesent certain limitations that will not provide



the desired data, a network of shorter range aglehiresolution small radars is proposed for
this type of environment. The network can be acooshted taking into consideration the
terrain complexity and will provide high resolutialata of the lower atmosphere. Radar data
such as reflectivity and differential propagatidmpe is used to create desired products such as
rain rate and wind speeds that are used for foregak serve as input for hydrological models.
Initial goals for the research activities to bevpded by the proposed radar network are:

1. Optimization for deployment of the 3 radar unit$Vhile there are more than 3
possible locations for the deployment of the radais important to know which
configuration will reduce rainfall rate estimatierrors and other radar products due
to the footprint overlapping of the weather scemari

2. The rain rate, wind speed, and other products géeefrom the radar measurement
needs development and continuous validation to tpmyph the conditions of the
new environment. This could take a few yearsrie fune.

3. Development of hydrological model that will take#a account the slope inclinations,
and soil type and will accept “real time” data fréine radars to implement a warning
alarm system. The low atmosphere and high resolutéda should provide the proper
input for the model. “Real time” intervals to upel@ahe radar products should also be
examined.

4. The study of hurricane-generated micro-tornadoekveater spouts is another topic
that can be developed as part of this researclth Systems have been observed in
the west coast area, but have remained undetegt& KRAD.

Radar Network in the West Coast of Puerto Rico - The terrain complexity and variability of the
weather makes Mayaglez an ideal location for theetmadar network that is proposed here.
There are many dense populated cities in the Wuailth similar orography and climate
characteristics as those found in Mayaguez. Famgie, cities in Central and South America
with similar conditions lack of even the benefitladving long-range weather radar monitoring
their region. The successful deployment and opmeranf the Puerto Rico west coast radar
network will present a realistic alternative to ntonthe weather in these regions. The proposed
radar network will consist of three dual polarizédand Doppler radars. There are currently
four locations that are under consideration toailthstie radars. Three of the locations are UPRM
properties and two of them are ready for radamlfeton. Figure 4 shows a satellite picture of
the west coast of Puerto Rico with “A”, “B","C” antD” identified on the map as the four
potential radar locations, the distance betweentg®” and “C” is approximately 35 km. The
design of the system makes possible the integratiadditional radars in the future. It is also
evident that a radar range of approximately 20 kithprovide the desired overlapping between
footprints. Location “A” is in the top of the Elecal Engineering Building and is currently
holding an X-band radar recently developed at UPSke Figure 3). Location “C” is UPRM
property and it consists of a 50 ft tower holdingatable commercial X-band radar shown in
Figure 5. Node “B” is also a location belonging W&@RM, this one is located in Cerro Las
Mesas at an altitude of 1260 ft. This locationvmes an unobstructed view of Mayagtiez town



and beyond. This location is an old secluded mgldvith a communication tower that once
renovated could be used to install one of the mdar

Figure 4 - Locations for radar deployment in Puerto Rico's west coast

The last point (“D”) is located in Mount Atalaya an altitude of 900 ft. This mount basically
blocks Mayagiiez from the rest of the towns to tbelhp many TV and radio towers are located
on the top of this mountain. A local TV statiome@dy offered space in a current unused tower
to install one of the UPRM radars. It is evidamni Figure 4 that by selecting points “B”, “C”,
and “D” as the location of the radars, a largertiparof the
west coast will be covered. Coverage overlap betveegacent
radars will offer the best resolution in those fgatar areas.
Areas without overlaping Al o T
more  sensitive to  signal -
extinction due to extreme rain
and do not provide multiple
radar data products. A secont
configuration could be achieved
selecting locations “A”, “B”, |
and “D” in this particular
- configuration the three radars.
Figure 5 - EWR in Aguadilla tower will overlap coverage over the
Mayaguez  region. This
increases the resolution and increases the rolasstrand
capabilities of the system. This configurationlvailso provide
multiple radar products over the region where tired Mayagluez

rivers been under consideration for the hydroldgio@esin model Figure 6 - Cerro Las Mesas location
are located. It is expected that the location @rr€ Las Mesas'" Mayaguez
and Mount Atalaya will be selected since the higdituale minimizes radar blockage. The




selection of the third point will depend on simidatresults expected to be completed before the
construction of the radars begin.

This radar network will be based in the DCAS tedbgy developed by the CASA ERC. The
first testbed associated with the CASA project exird of four radars similar to the ones
proposed here. Preliminary results have showngaifgant increase in data resolution and
robustness of the system. The mountainous tearairthe need of lower atmosphere data makes
this approach ideal for the Puerto Rico’s west toas

Research and Sudent Training Activities - This project will provide opportunities in a newear

of research and research training through incredseaction between students and faculty from
UPRM, CSU, UMass and the National Weather Servites of particular importance the hands-
on training that faculty, graduate and undergragwstidents from UPRM will have in the

construction, operation, calibration, and evenjuadisearch activities derived from the data
analysis of this network. The construction wiltlinde integration of areas in radar systems,
meteorology, atmospheric science, hydrology, consgstems, computer science (data
management and software), and social sciences.

Participation of graduate and undergraduate stsdesit be coordinated by the PI, José G.
Colom and Dr. Sandra Cruz Pol. UPRM graduate siisdeill be trained to develop the
network by experts in the area at CSU, this agtiwtill be coordinated by Dr. Chandrasekar
from CSU. An attractive alternative for the gramuatudents is also that they will be able to
spend a semester or two at CSU as regular gragtiadents and return to UPRM to continue
their research. This is possible thanks to an M&gtiveen CSU and UPRM where graduate
students can complete a collaborative PhD whileaeh can be performed at UPRM. Once the
students are back in Puerto Rico to continue ttesiearch they will be supervised by Drs. José
G. Colom and Rafael Rodriguez Solis. Weekly mgetwil be scheduled with CSU with the
video conference facilities available at both igions. A similar MOU exist with UMass as
well, and students will be trained in the developtnaf the MSCDC of the radar network, this
activity will be coordinated by Eric Knapp, collatator from UMass. Other alternatives are
Summer Internships for graduate and undergraduadersts from UPRM at CSU and/or UMass.
We anticipate that during the initial phase of greject up to 3 engineering graduate students
will participate in the development of the netwankd five undergraduate students will also be
involved in other aspects or the radar construcéiod deployment. Initial involvement of
students will be coordinated via CASA administratad UPRM. The students participating will
be involved in the development of the radar netwarkluding the construction of the radars,
calibration, operation, and data analysis. CASAuisently supporting 10 graduate students and
is providing research opportunities to 5 undergaselustudents during the semester. Since
CASA is funded until 2013, they will partially sumpp student participation in the project.
Eventually graduate students will also participateesearch activities including analysis of the
data, development of hydrological models, and radaduct fine tuning. It is expected that once
the radars are operational, faculty and graduatdests involved in weather related project
around UPRM and other institutions will join resgarctivities initiated by the radar network.
Other sources of funding for undergraduate studemist from REU CASA and REU in
Atmospheric Sciences from the Physics Department.



The proposed radar network will support activitteat will bring research to the classroom
through undergraduate research projects, semiaatsdemonstrations. Introduction to Radar
Systems, Microwave Engineering, and Antenna Engingere courses where the radar system
or a part of the system can be discussed. Otheses such as Microwave Remote Sensing and
Active Remote Sensing: Weather Radars will benfbim demonstrations and data sets
developed to retrieve radar products. Data setn ftifferent case studies will also be developed
for meteorological courses currently offered in tAbysics Department. A module to be
integrated to a current CASA course will also bealiegped. This course was offered last year as
part of the CASA educational program and covergsdvopics related to the project including
radar systems, antennas, remote sensing, datgetand management, and social sciences. We
also expect the development and construction ofrald@r network will lead to a case study
appropriate for the capstone design course in thea aof Applied Electromagnetics.
Dissemination of the result of this work will berdoby ASEE and IEEE Education Society
conferences and journals.

These institutions have successfully coordinatedhie past, video courses to be taken by
students from the different campuses. Coursesate®dology from OU and Weather Doppler

Radar Systems from CSU have been offered to UPRIMests by experts in the area. The
proposed network presents an excellent opportunitgievelop similar courses in the area of
Radar Network Technology in collaboration with C&bd UMass to make it available to all

students via video conference.

Since over 95% of UPRM’s students belong to ungeesented groups, the involvement of
minority students, including women, in the devel@minand operation of the network will be
substantial. In particular, the percent of womeikiectrical Engineering is one of the highest in
the US. We expect a significant participation fram@men undergraduate and graduate students.

b. Description of Research Instrumentation and Needs

We are proposing to build a network of three dualbpzed X-band Doppler radars that will
work in a collaborative and adaptive fashion toiropte radar products such as rain rate and
wind speed. A Managing System Control and Decisienter (MSCDC) serves as the heart of
the network to provide monitoring, warning, and ttohof the system. The radars will be
developed by UPRM students under the supervisiolC8 and UPRM personnel. The
MSCDC will be developed in collaboration with UMasBroper configuration of the network is
critical to minimize any error estimation from tpeoducts. This network of radars is the best
alternative to sample the lower atmosphere in regigith complex terrain and irregular weather
characteristics such as Mayaguez. This type gbtadasystem has been successfully developed
and tested in Oklahoma, but results of similareystin tropical regions have not been reported
in the literature. While there are several weatkdrand radars commercially available in US
and Europe, they are not appropriate to work inetwark configuration such as the one
proposed here.

Commercially Available Radars - Weather X-band radars are commercially availabtenfr
companies such as: EWR in Missouri and Enterprlsetédnic Corporation in Alabama. They
are usually based in marine radar technology amdnaxdified for atmospheric applications. The



original purpose of the radar was not atmosphen modifications might not provide the
desired capabilities for a weather system. ModiaXed weather radars that are commercially
available are sold as stand-alone units. UsublByantenna spins at a constant speed and does
not have means to control elevation and/or azimatigle which is essential to achieve
adaptability in a multi-radar network. To keep tust low, commercially available radars often
lack either dual-polarization and/or Doppler featur Most of these units are integrated to an
image-processing software, and access to the raav idaoften restricted, limiting academic
research. More sophisticated units including chahrization and Doppler are also available,
but are designed for long-range applications aneraiwn is usually at lower frequencies to
minimize atmospheric attenuation.

Rationale to Develop the Dual Polarized X-Band Doppler Radar Network - In addition of proven
success of this technology in the CASA Oklahomtbasl we decided to base the design of the
network in a similar technology for the followingasons:

1. Due to availability of X-band components, X-bandiaes can be lower in cost and
complexity when compared to higher frequency systeniheir size is also small
compared to current NWS/FAA S-band radars.

2. High frequency radars such as X-band have smalter scluding the antenna, which
makes it easier to control mechanically and alléagser antenna speeds.

3. Polarimetric radars make signal attenuation caoecand rain rate estimation possible
[Bringi and Chandrasekar, 2001], and also providfermation from raindrop shape.
This is specially important in highly-humid tropieaeather.

4. Doppler features are required to measure wind spaddnovement of rain bands. It is
also used for filtering of undesired clutter.

5. Short range operation (such as the case of radaorlg maintains high temporal and
space resolution which is essential to measuratwans of rain in tropical weather.

6. Measurements from lower atmosphere are possibidang information of rain rate
closer to the ground which benefits the hydrologcadels.

It is important to address that while a single ragdl measure reflectivity, Doppler velocity,
spectrum width, differential reflectivity, and défential phase among other parameters, a single
unit will not provide any overlapping, losing thedvantage of multiple radar products.
Probability of signal extinction from extreme rawuents is higher with a single radar operation.
A system of three radar units properly configureavmes the following advantages:

1. Can be configured according to the complexity eftérrain to monitor the lower
atmosphere.

2. High time and space resolution can be optimizeddaptively positioning the radar
beams towards relevant meteorological events.



3. Rain rate measurements from different radars cgprdiessed to increase or improve a
parameters such as signal to noise ratio or higblugon.

4. Multiple radar looks from different angles providegprovement of the system by
proving the consistency of measurement such asaten

5. Multiple Doppler wind velocity provides mechanisonhap the velocity vector within a
storm, providing precise information of precipitatimotion.

6. The system vulnerability for signal extinction doeattenuation is minimized.

7. Robustness of the system is increased. In extsawere conditions, such as a hurricane,
operation of the system might continue in the evieatt one of the units stops running.

Radar System Specifications - Key parameters for each radar are listed in Tallridyent et al.
2005]. The network is comprised of three X-bandynedron-based radars. The radar network
will be configured in such a way as to maximize ldDappler coverage. Each radar is dual-
polarized, with single and dual-PRF capability, amidl be remotely configurable and
controllable. They will have a parabolic antennaumted on a pedestal capable of high speed
acceleration to approximate the agility of a phasey antenna. Each radar samples the
received digital radar signals, and the Doppler mwindata such as reflectivity and velocity are
generated in real-time. The base variables inctatlectivity, velocity, spectrum width, and the
dual-polarization radar products.

Key System Parameters
Operating Frequency 9.3 GHz
Wavelength 0.03 m 3.22cm
Antenna Diameter 1.2m
Antenna Beamwidth 1.8 deg
Antenna Gain 38 dB
Maximum Radar Scanning Speed 35 deg/sec
Maximum Radar Acceleration 50 deg/sec
Maximum Range 36 km
Range Resolution 26 m
Effective Transmitted Power 12.5 kW
Average Transmitted Power 25 W
Dual Pulse Repetition Frequency 1.6 kHz, 2.4 kHz
Noise Figure 5.5dB
System Losses -20 dB
Mean Sensitivity 2.8 dBZ

Table 1 — Key Radar Parameters



Preliminary Results from Existing Equipment - Two X band stand-alone radars are located at
Mayaguez (ECE Building) and Aguadilla and they both FCC licensed for operation. The
Mayaguez radar (called PR-1) was developed by URRMents supervised by Pl Dr. Jose G.
Colom. A Raytheon MK-2 X-Band
marine radar was modified by UPRM
students to be used as an atmospheric
sensor. The modifications were mainly
to the antenna/spinner section and the
data acquisition system, an internal
calibration loop was also integrated to
the radar hardware.
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1 In July 11, 2006 data from a weather
system moving from east to west across
Figure 7 - NEXRAD data from 7/11/06 13:43:33 the Mayaguez area was sampled with
the PR-1. The results were later
compared to NEXRAD. Figures 7 and 8 are showirtg tam NEXRAD and PR-1 at about the
same time. It is evident that the images show comareas where both radar systems had some
similarities. These similarities confirm that teer
was weather activity at the same locations dur
the time span chosen [Vega, 2006]. Furthermg
it is noticed that PR-1's images show a higherlle
of detail regarding the features of the weat
detected due to the better resolution, but lack
polarization and Doppler allows only reflectivit
measurements to be possible.

The second radar was acquired through a dona
of EWR, a radar company located at St. Lou
MO. Last summer, two graduate students
Internships at EWR and they were able [HGcG_ _
participate in field experiments and learn aboet t~ ., .. 5. pr-1 data from 7/11/06 13:43:58

design and programming of this particular un..

One of the students is currently assigned to caoatiresearch
activities with the PR-1, while the other one isigsed to the
EWR radar. They are both supervised by the Pl. EWR
radar is very user friendly and it can provide Weatimages,
but access to the raw data is restricted. Thigrrasl also a
single polarization system and does not have Dopple
capabilities. It is expected that access to théwswé will be
granted promptly and access to the raw data wilpbssible,

Figure 9 - EWR Radar display froma  thiS Will increase opportunities in research ateg. Figure 9
rain storm in the Aguadillaregion.  shows a typical display view from this system. iBes
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preliminary data from both X-band radars locatedPmerto Rico, data from the Oklahoma
testbed is also available and discussed below.s hta is a strong proof that the proposed
network for Puerto Rico is the proper choice to itan
weather in a tropical environment. Figure 10 shaw
fraction of the results from an early case studpugust
16, 2006. The plots are a close-up from imagesrouye
larger regions. In [Brotzge et al. 2006] examimatbf
the data from the radar network reveals much greate
storm structure in time and space than can be fseen
the NEXRAD imagery. Animated versions of the plots
. L (not shown here) show rapid intensification andageaf
Figure 10 - Data from radar network (left) at  storm cells, which NEXRAD cannot provide due to éw
22:12:59 and NEXRAD (right) at 22:12:47 resolution and update times of 4-5 minutes. Brotzige
indicates that single cell development can be stearly with the radar network data and that
NEXRAD data indicates some increase in reflectiMityt much less intense.

The good preliminary results obtained from the @&laa testbed and the advancements in radar
technology at UPRM during the last few years (gsored here) will make possible the
deployment of a similar system at Puerto Rico. eReshers from UPRM will work closely with
experts in the area from CSU and UMass.

A licensed technician with experience in radar eyst and trained and certified on tower
installations will be hired strictly for the fabaton and deployment of the radar network. In
addition, a Project Consultant strictly to helghie radar system development will be hired.

c. Impact of Infrastructure Project

In areas such as meteorology, atmospheric scieraresh, radar engineering minorities are
underrepresented compared to the US populatiois oily a few years ago that a certificate in
meteorology/atmospheric sciences under the PhyBegartment was established. Radar
engineering courses were also recently added t&@te MSEE curriculum and only one MSEE
in radar engineering has been recently awarded 2686). While ECE does not have a PhD.
Program, the Pl and Co-Pls from this proposal aoeigpto inform that from about 26 students
graduated with a MSEE in the last 8 years, at |eas are currently working in their PhDs in
U.S. Institutions (4 in UMass, 2 in CSU, 1 in U @Ga@do, and 2 in MSU). With the CASA
project, and other grants received by NASA and NQ£Agsearch opportunities in this area have
significantly increased. With the developmentha# tadar network proposed here, it is expected
that the number of underrepresented minorities his tarea, especially Hispanics, will
significantly increase. Through the UMass and Q80U in place, graduate students from
UPRM will have the opportunity to pursue a Ph.D.rkitlog in research derived from the
proposed work. The students will be exposed dtestf the art technology and will need the
radar network to accomplish all the research gpadwviously stated. The research activities
derived from the radars will build upon the ongomegearch infrastructure developed by CASA
at UPRM. In support of CASA research, this projedt help to establish an adaptive and
collaborative network of radars in Puerto Rico twdl be used to monitor the weather from the



lower atmosphere. It will also support hydrologicaodels currently under development by
hydrologists associated to CASA and other NOAA gxty.

Besides CASA, funding for the research initiativeii come from other ongoing or pending
research support. The Pl is pending as collabonmata NASA proposal recently submitted and
titled “Estimation of Internal Rainfall, Soil Moiste and Evaporation Variability within a
Remotely Sensed Pixel”, the Co-PI Dr. Sandra Crnizi® also pending in a project to train
Colombian engineers to establish a network of weradkensor. We also anticipate that once the
network of radars is deployed and operational, suchsset will facilitate obtaining funding by
state and federal agencies interested in protetifsn@nd property from severe weather events.
In summary, our team of scientists has accessperexin the area (CSU and UMass) through
several years of collaboration previous to the CAfwject. They also have developed
experience in weather radar technology, microwaweote sensing, and related areas due in part
to CASA and other NASA and NOAA collaborations. eTinetwork will give UPRM researchers
a unique regional capability of densely samplirgpical weather that will contribute to assess
their state. Also the proposed educational modwiisgive opportunity to student within and
outside CASA to learn from a unique meteorologigalblem. Since 95% of the students at
UPRM belong to an underrepresented minority growgppabout 30% of ECE students are female
we expect a significant number of women participtin research activities at graduate and
undergraduate level.

From preliminary results reported from similar &yss, it is expected that accurate
meteorological and hydrological models will be deped for tropical weather and will help to
establish efficient management strategies to prdfiecand property. Similar programs can be
developed for areas with the same tropical charnatitss inside and outside Puerto Rico, serving
as an alternative for other countries to deplogféicient weather system.

d. Management Plan

The development and deployment of the radar netwaridd consequently is continuous
operation requires a rigid management plan. Tha ptquires: experience in properly specify,
ordering, and work with vendors from specializedtpdo ensure a timely delivery of the
components; expertise in radar technology, espgdialsuch a new technology that includes
adaptability and collaboration of radar units; dmally contribution from dedicated scientists
and staff to conduct science once the systempiaice.

The scientists involved in this proposal have dmlated for many years in different projects
and they are experts in different areas encompaghim proposed work. Their dedication in
developing this new technology will increase maiima of users exposed to the new technology.

The Pl is a leader in microwave engineering andnduthe last few years has been working in
the development of X-band radars. The Pl Sandua €pl has extensive research experience in
microwave remote sensing of clouds and rain, slaésis a leader in outreach and education (K-
12 and teachers) and she is currently involvedaba) warming outreach activities. Dr. Rafael
Rodriguez Solis is an expert in microwave antenaad he is currently involved research
concerning solid state radars. Dr. Chandrasekar \gorld’'s expert in Polarimetric Weather



Radars and related areas, and is one of the ordpl@enith knowledge in radar network
adaptability and collaboration. Eric Knapp is ae&ch scientist from UMass and he has been
extensively involved in the design, fabrication @esting of microwave radars.

Dr. Jose Colom will be the person responsible efdaployment of the network in Puerto Rico
and will supervise the radar construction in UPRNE will work closely with Dr. Chandrasekar
who will provide training to UPRM students and faguto build the radars. Dr. Rafael
Rodriguez Solis will also supervise radar constamncin Puerto Rico and will work closely with
CSU collaborators to calibrate the radars. Dr.dg&arCruz Pol will work closely with Dr.
Chandrasekar to select the optimum deployment gordtion she also will be responsible for
preparation of radar sites. Eric Knapp will cooate MSCDC development with Jose G.
Colom. Eventually radar testing and validationl Wwé performed by all the PI's. They will also
choose an interdisciplinary team of students thiltlve trained to participate in the different
phases of development. It is expected that unddugite, MS, and PhD level students will be
part of the team.

Timeline
Time (from start of project) Task Responsible PI
3 months Complete and verify Radar specifications Colom, Chandrasekar, Rodriguez
6 months Deployment Configuration Cruz-Pol, Chandrasekar
9 months Délivery of all parts Colom, Rodriguez Solis
9 months Training of UPRM faculty and students at | Chandrasekar
cu
12 months Construction of first radar start Colom, Rodriguez-Solis, Chandrasekar
18 months Radar site preparation done Cruz-Pol
24 months Deployment of radar#1 in site #1 Colom
27 months Testing and validation Colom, Chandrasekar
30 months Calibration Rodriguez-Solis, Chandrasekar
36 months Deployment of radar#2 in site #2 Colom
36 months Deployment of radar#3 in site #3 Colom
36 months MSCDC Development Colom and Knapp
42 months Testing and validation of 3 radar network Colom, Chandrasekar
48 months Calibration of 3 radar network Chandrasekar, Rodriguez-Solis
54 months Fine Tuning Colom, Chandrasekar,
60 months Fully functional and available for interested | Colom
users

Table 2 — Timeline

The timeline indicates that radar parts shouldstaeting arriving 9 to 10 months after
placing the order. By that time students and fschéve been trained at CSU and should be
ready to start working in the construction of tirstfradar. It is expected that after testing and
tuning, the radar should be ready for deploymen24nmonths. The validation, testing, and
calibration of the first radar will take several miles, but it is expected that the next two radars
will be deployed in a quickly manner. Enough tihas been given to test, validate, and calibrate
the 3 radar network, but with the experience of Gid UMass personnel the system might be
fully functional before the 60 month goal. An estited cost for one radar is shown in the table
below. The cost does not include the integratisraanetwork. See budget justification for
details.



Antenna 1 15,000.00 15,000.00
Magnetron 1 625.00 625.00
HV Modulator and Power Supply 1 15,000.00 15,000.00
Circulator 4 156.25 625.00
Crossguide Directional Coupler 2 500.00 1,000.00
TR Limiter 2 406.25 812.50
SPDT Switch 2 2,375.00 4,750.00
Low Noise Amplifier 2 1,500.00 3,000.00
100 MHz Master Oscillator 1 2,456.25 2,456.25
Phase Locked Oscillator 1 1,562.50 1,562.50
RF filter 2 625.00 1,250.00
Mixer 2 437.50 875.00
Coax X-band Power divider 2 375.00 750.00
Noise source 1 1,500.00 1,500.00
Coax X-band Direction Coupler 2 625.00 1,250.00
Assorted Waveguide Components 1 7,500.00 7,500.00
Connectors, cables, assorted electronics 1 10,000.00 10,000.00
IF down conversion board 1 3,750.00 3,750.00

Radar Subtotal 71,706.25

Azimuth Pedestal 1 150,000.00 150,000.00
Elevation positioner 1 12,500.00 12,500.00
Radar enclosure 1 8,750.00 8,750.00
Radar mounting frame 1 6,250.00 6,250.00
Power Supply 1 2,500.00 2,500.00
Radome Base and mounting frame 1 8,750.00 8,750.00
Radome 1 28,625.00 28,625.00
Mechanical Subtotal 217,375.00
FPGA board 1 25,000.00 25,000.00
Radar-PC 1 2,500.00 2,500.00
Control PC 1 3,750.00 3,750.00
SNS-PC 1 8,750.00 8,750.00
Ethernet hardware 1 3,125.00 3,125.00

Table 3 — Estimated cost for parts of one raddat un

Once the network is completed, we believe it wdldunique regional facility. We will make it
readily available to users in the research communihe system will also be available for NWS
to help for local weather forecast. Local, privatel federal agencies will also have access to
the data. A fee structure, to be determined, belicharged to outside users to cover the cost of
equipment deployment and having a team of UPRMgperal (tehcnician and graduate student)
operating the equipment. It is expected that aesydike this could be used as a kick-off to
establish an Atmospheric Research Center for Wefeerto Rico funded by UPR (similar to
Red Sismica of Puerto Rico).

We already have a strong demonstrated and fundsdi foe such an asset within our immediate
group of PlIs but we believe that disseminatiomwf results in local engineering and technical
publications, conference and journal papers wittaat new users and raise interest from



companies and universities in the continental drfl the Caribbean to engage in collaborations
involving weather, meteorology and applied electagnetics fields.



