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Mesoscale meteorological  measurements, ana lys i s  and predic t ion a r e  some of 
the  p r inc ipa l  areas  of research i n  the Department of lleteorology a t  Penn Sta te .  
For more than a decade those members of the  f a c u l t y  concerned with mesoscale 
ana lys i s ,  numerical modeling and fo recas t ing  have been f r u s t r a t e d  by the  spa- 
t i a l  and temporal inadequacy of conventional network observations f o r  both re- 
search and opera t ional  appl ica t ions .  For more than f i v e  yea r s  the  Department 
had sought the  subs tan t i a l  f i n a n c i a l  resources required t o  deploy a network of 
VHF Doppler (ST) r ada r s  and mi l l imeter  wave radiometers f o r  "operational" t e s t  
and evaluat ion f o r  wind and thermodynamic p ro f i l ing ,  respect ively .  Consbruc- 
t i o n  of the  ST radar  network began i n  F a l l  of 1983 using funding provided by 
the  Air Force Office of S c i e n t i f i c  Research (through the DOD Universi ty Re- 
search Instrumentation Program) and the Universi ty.  

For the foreseeable  f u t u r e  the Penn S t a t e  ST radar  progrsm w i l l  be focused 
e n t i r e l y  on appl ica t ions  r a t h e r  than systems development research.  Deployment 
of the systems now under const ruct ion would not have been poss ib le  without the  
outstanding cooperation provided by C. G. L i t t l e  and R. Strauch and t h e i r  
colleagues a t  the Wave Propagation Laboratory, and a l s o  J .  Broanahan of Tycho 
Technology from whom we a r e  buying a l l  of the  receivers ,  t r ansmi t t e r s  and an- 
tennas. With regard t o  o ther  major systems components, we a r e  assembling in- 
house from WPL documentation the Time-Domain-Integrators and Computer In ter -  
faces  and have purchased WPL software-compatible Data General Eclipse computiers 
f o r  each system. 

The Penn S t a t e  Network w i l l  cons is t  f i r s t  of two 6 9  radars ;  one s i t e d  
south of S t a t e  College on Shantytown Road near HcAlevys Fort  and the second NW 

- of Dubois, PA. The t h i r d  radar ,  a "portable" 70-cm system, i s  t o  be i n i t i a l l y  
s i t e d  SW of Johnstown, PA. The three  radars  thus form a mesoscale t r i a n g l e  - - - - --- with  about 160-km legs  (Figure 1 ) .  Speci f ica t ions  f o r  the th ree  systems a r e  
summarized i n  Table 1. 

I n  a n t i c i p a t i o n  of a staged turn-on of the three  systems during the  Summer 
and F a l l  of 1984, the  nonconstruction-related e f f o r t s  i n  the  Department have 
focused on the9 software development necessary t o  allow e s s e n t i a l l y  iranediate 
use of network data. A 16-bit ~cicrocomputer has been programed to  serve a a  the 
network con t ro l l e r ,  communications in t e r face  and, a t  l e a s t  f o r  real-time pur- 
poses, the  opera t ional  d isplay  systan.  Insofar  as poss ib le  we have i n  t h i s  
t a s k  b u i l t  upon our subs tan t i a l  accumulated experience i n  working wi th  the  
processing and display of Doppler s o d a  systan signals.  Once the radar-derived 
wind and turbul.ence prof il es a r e  communicated t o  .the var ious  interconnected 
Departmental computers they become jus t  one component of a comprehensive da te  
base (Figure 2 )  which can be applied t o  a d iverse  s e t  of ongoing bas ic  and 
opera t ional  research programs. 

The s c i e n t i f i c  appl ica t ions  f o r  which spec i f i c  program planning i s  i n  
progress include : 

(1)  Intercomparison of wind and turbulence s t a t i s t i c s  derived from s p a t i a l  
( a i r c r a f t  and radar  network) and tempor a1 ( radar)  sampling 

(2)  Meso-synoptic sca le  ana lys i s  and fo recas t ing  s tud ies  



Figure 1.  Mesospheric t r i a n g l e  of Penn S t a t e  VHF (eas t  and 
northwest ) and UHF (southwest) radars .  S ta t ion  separa t ions  
a r e  approximately 160 h. 

Table 1. Speci f ica t ioqs  f o r  Penn S t a t e  ST Radars 

Item Units 1 and 2 Unit 3 

5 p e  
Location 

Frequency 

Bandwidth 
Peak Power 
Pulse Width 
Antenna : 

TY pe 
Dimensions 
Angle(s) 

On S i t e  Computer 
On S i t e  Processing 

a t  PW = 
Time Domain Aver. 
Spect ra l  Aver. 
Max. Radial Vel. 
Spect ra l  Vel. Resol. 
A.lti tude Resolution 

Pulsed Doppler 
1: S of S t a t e  College 
2: NW of Dubois 
1: 49.92 MHz 
2: 49.80 MHz 
0.4 MHz 
30 kW 
3.67, 9.67 ps 

Phased Array CoCo 
50 m x 50 m 
75" and 90" 
Data General Eclipse 

Pulsed Doppler 
SW of Johnstown 

405 MHz 

64 7-elanent Yagis 
8 m x 8 m  
75" 
Data General Eclipse 





(3) Var iab i l i ty  i n  mesoscale winds and turbulence 
(4) Structure  parameter s t a t i s t i c s  f o r  NE U.S. 
(5)  Applications f o r  assessment of ac id  deposit ion-related t r a j e c t o r i e s  
( 6 )  Assessment of forecas t  improvements f o r  s ign i f i can t  weather events i n  NE 

U.S. 
(7) Deployment of a shipborne 400-EHz system ( i n  conjunction with the network) 

fo r  s tudies  of coasta l  cyclogenesis. 

Figures 3, 4 ,  5 and 6 a r e  samples of the types of processed data ava i l ab le  
on a real-time bas i s  i n  the University Weather Observatory with which the ST 
radar  data  w i l l  be combined and used. Figure 1 i s  a typical  rawinsonde sound- 
ing from Pi t tsburgh a s  observed on 1 May 1984. For synoptic ana lys i s  purposes 
a c ross  sec t ion  was evaluated along the  computer-generated corr idor  i l l u s t r a t e d  
i n  Figure 4. The v e r t i c a l  l i n e s  on the cross  sect ion (Figure 5)  shown between 
s t a t i o n s  520 and 403 depict  the  scale  between radars i n  the new ST network. 
Unt i l  thermodynamic p r o f i l e r  measurements a r e  avai lable  we w i l l  use the  ex i s t ing  
PROMETS software t o  generate in terpola ted thermodynamic soundings from the 
analyzed cross  sections.  Such an in terpola ted sounding i s  shown i n  Figure 6. 

No t i f i ca t ion  of funding f o r  the 50-60 GHz mill imeter wave radiameter fo r  
temperature sounding was recent ly  received. The temperature p r o f i l e r  w i l l  be 
operated i n  conjunction with one of the VW Doppler radars  and a sodar. We 
hope it w i l l  be possible t o  use the radar  and sodar measurements t o  i n f e r  
probable i n f l e c t i o n  points (e.g. tropopause and PBL capping invers ion)  i n  the  
temperature p r o f i l e  and, thereby, improve the qua l i ty  and resolut ion of the 
derived sounding. Development of software f o r  t h i s  purpose i s  already i n  
progress. 

P I T  

Figure 3. Example of p lo t t ed  National Weather Service 
radiosonde sounding a s  p lo t t ed  on PROMETS system from 
data received on the FAA network. Abscissa i s  temper- 
a t u r e  i n  O C  and ordinate  pressure i s  mb. The plot ted  
data  depic t  the  temperature (R.H.) and dewpoint (L.H.) 
p ro f i l e s  . 



Figure 4. Corridor of upper a i r  sounding s t a t i o n s  chosen 
by the  PROEETS software on the  b a s i s  of speci f ied  end 
points.  S ta t ion  data  subsequently processed by PROMETS 
to  generate the  i sen t rop ic  c ross  sec t ion shown i n  
Figure 5. 

Figure 5. I sen t rop ic  c ross  sec t ion ( so l id  sloping l i n e s )  
including depic t ion of the  smoothed r e l a t i v e  humidity 
f i e l d  (broken l i n e s  of varying o r i en ta t ion )  along cor- 
r ido r  shown i n  Figure 4. The two t h i n  v e r t i c a l  s o l i d  
l i n e s  depic t  the  sca le  of t h e  radar  network i n  comparison 
t o  the  spacing of the  weather service  radiosonde network. 



Figure 6 .  Example of ver t i ca l  a i r  and dewpoint temperature 
prof i les  generated from the preceeding isentropic cross 
section for a posi t ion corresponding t o  the placement of 
the new 400-$Hz radar near Johnstown, Pennsylvania. 




