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Water and a Changing Climate... 
HMT has been developed to respond to the increased criticality of water to our 
nation’s well-being.  The program is aligned under two of NOAA’s strategic 
goals: 

• Climate Adaptation and Mitigation Goal – An informed society anticipating 
and responding to climate and its impact 
o  Improved scientific understanding of the changing climate system and its 

impacts 

• Weather-Ready Nation Goal – Society is prepared for and responds to 
weather-related events 
o  Reduced loss of life, property, and disruption from high impact events 
o  Improved freshwater resource management 

 HMT also supports one of NOAA’s seven grand science challenges: 
• “Improve understanding of the water cycle at global to local scales” 
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•  HMT-SE is a Pilot Project led by the 
Physical Sciences Division at ESRL 
with partners across NOAA, NASA, 
and the academic community 

•  Deployment planned for May-
September 2013 in western N.C. 

•  Primary focus is Quantitative 
Precipitation Estimation (QPE) 

•  Quantitative Precipitation Forecasting 
(QPF) and Hydrologic/Surface 
Process activities also planned, 
depending on funding 

•  HMT-SE will complement NASA GPM 
integrated hydrology ground 
validation campaign in same region 

0.0

123.1

246.2

369.2

492.3

615.4

738.5

861.5

984.6

1107.7

1230.8

1353.8

1476.9

1600.0

-84.0 -83.5 -83.0 -82.5 -82.0 -81.5 -81.0
West Longitude (0)

34.0

34.5

35.0

35.5

36.0

36.5

37.0

La
tit

ud
e 

(0 )

 

Upper Catawba Basin 

Duke Univ. Network 
Pigeon River Basin 

HMT-SE Basin Scale Map 

NWS WSR-88D 

NASA N-Pol dual pol 

U. Iowa X-band dual pol 

NASA D3R dual pol 

PSD Surface 

PSD Surface + 
915 MHz w/ 
RASS 
PSD Surface + 
S-Prof 

PSD Surface + S-
Prof + 449 MHz w/
RASS 

Possible PSD 
Surface + 915 
MHz w/ RASS 

Possible PSD 
Surface + S-Prof + 
449 MHz w/RASS 

Coweeta LTER 
(NSF) 
NOAA small-
scale network 

Pisgah Astronomical Research Inst. 
(PARI) – Wind Profiler (915?) 

NASA gauge and disdrometer network 
~40 gauges 
~20 disdroemters 
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HMT-SE Overview • Evaluation of NWS polarimetric radar-
rainfall algorithms and participation in 
training to share experience with dual 
pol radar 

• Evaluation of QPE system 
performance (MPE, NMQ Q2, Stage IV 
and others) and impact assessment of  
o  VPR and dual pol rainfall 

algorithms 
o  Integration methods of gauge, 

radar, and satellite QPE 
o  Infrared (IR) and microwave 

satellite QPE products (CMORPH, 
SCaMPR, Hydro-Estimator, 
TRMM) with ground-based QPE 

• 4-D structure of precipitation and 
variability of the drop size distribution 
(DSD) with resulting impact on QPE
(e.g., appropriate Z-R (selection) 

•  Impact of gap-filling radars on QPE   

HMT-SE QPE Objectives: 

Example of Gap-Fill Radar for Warm Season Flash Flood Monitoring 

Four Mile Canyon Burn 

Boulder 

Denver 

• Four Mile Canyon immediately west of Boulder  burns 
> 6,000 acres and > 160 homes in September 2010 

• Populated area vulnerable to flash flooding and 
debris flows 

• NEXRAD is > 75 km from burn area – poor resolution 

1. The Challenge 

2. NOAA PSD’s Response 
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4-Mile Canyon Burn

Loveland ALERT Gauge
UDFCD ALERT Gauge

Marshall Field Site
USGS Disdrometer
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• NOAA radar deployed in 
Erie ~30 km from burn area 

• X-band has better 
resolution and samples 
closer to the ground 
compared to NEXRAD 

• July 13, 2011 flash flood event in Fourmile 

• > 1” of rain in one hour 

• Debris flow and 4 foot rise in Fourmile Creek 

• Residents evacuated  

• Event is well captured by NOAA X-band 

Rain and ice NEXRAD beam=1.4 km 

X-Band beam=0.5 km 
Four Mile Burn  

Rain 

Snow 

3. Flood Event 

4. Results 

• NEXRAD over estimates rainfall due to hail contamination 
• NOAA X-band rainfall totals compare well with gauges using polarimetric information 
• X-band also better captures spatial gradient of rainfall due to high resolution of measurements 
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•  In CA winter season, current WSR-88D radars may not be able to 

observe low level rain precipitation properly at middle to longer range 
due to beam spreading and earth curvature effect  

•  Distance from American River Basin and the nearest WSR-88D radar 
(KDAX) is greater than 70 km and altitude of the basin is higher than 
0.5 km form MSL 

•  Result is radar based QPE for the basin is severely affected by 
melting layer contamination and snow/ice region  

Vertical profile of reflectivity from HMT- West 2006 at 
0729 UTC Dec. 31 2005  

Range-Height plot of volume coverage pattern (VCP) 12.  The 
ellipse indicates a resolution volume at 80 km range of 0.9 
degree elevation.  

0.5 deg 
0.9 deg 

•  Precipitation estimation by reflectivity (Zh) can be overestimated by ground 
clutter or underestimated due to partial beam blockage 

•  Zhat lower elevations reduced severely by partial beam at ~2 km range 
•  Differential propagation phase (Ψdp) not impacted by partial beam blockage 

ground clutter 

RHI scan of NOAA ESRL X band dual polarization radar on 20051231-020016 UTC.  

Corrected reflectivity   Differential propagation phase  

 
•  The relation between rainfall (mm/hr) and Kdp (deg/km) is described as R = 

aKdp
b  

•  19 and 0.78 are used for a and b   
•  At CFC site, the result using Kdp at lower elevation are similar to  Matrosov 

(2010)  
•  The improvement at ATA site occurred in comparison with gauge.The total 

accumulation at ATA is 166.76 mm (Gauge: 201 mm, Matrosov et al. (2007) : 
145 mm).  

•  Results indicate Kdp from partially beam blocked Ψdp can be used effectively for 
QPE 

Comparison of rainfall accumulations from R-Kdp estimation and ground 
instruments (JWD and rain gauge) on the (a) CFC and (b) ATA  

Select QPE Results 
Example of Gap-Fill Radar for Cold Season QPE 
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Melting snow region 

Rain region with 3° 
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American River Basin 


