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Institution 06/01/11-

09/30/11

10/01/11-

09/30/12

10/01/12-

09/30/13

10/01/13-

05/31/14

06/01/14

09/30/14

10/01/14

09/30/15

10/01/15-

05/31/16

ND 372,827 463,050 433,754 189,766 280,308 476,325 221,077

Utah 295,138 534,697 512,859 329,788 155,311 503,047 324,888

NPS 61,138 187,145 198,990 145,149 83,774 211,045 141,335

Berkeley 65,512 124,801 138,972 59,254 75,760 147,533 63,903

UVA 42,007 84,745 100,110 35,404 49,192 91,336 37,025

Total 836,622 1,394,438 1,384,685 759,361 644,345 1,429,286 788,228

Entering the final period of MURI
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Major accomplishments – Year 4

• MATERHORN-FOG – Notre Dame, Utah and 
Virginia (life cycle of fog events – first in CT)

• BAMS article appearing on November 2015

• So far, 
– 40 papers published or accepted (21 in 2015); 

– 09 submitted (many in preparation); 

– 19 Invited conference presentations (8 in 2015); 

– 07 conference papers ( 0 in 2015); 

– 124 conference presentations (43 in 2015) 

– 9 Awards and 2 recognitions (4 in 2015)

personnel



Summary (End of 4rd year)
• Senior PIs:  11

• Research faculty: 4 , 5, 5

• Technical staff: 8, 8  

• Post docs: 8 13, 13

• Graduate Students :  18, 22, 18 PhD and 9 MS (Total 27)

• Undergraduate Students: 13 22, 25

• Collaborators (proposal):  5 (supported – 2), 5 (3)

• Collaborators : 11, 10

(total supported fully or partially: 67 82, 89 )

timeline



Timeline

25 Aug. - 28 Aug. 2012:          MATERHORN-X-DRY
25 Sept. – 25 Oct. 2012: MATERHORN-X-FALL 
1 May– 30 May 2013: MATERHORN-X-SPRING
Nov 30 – Feb 15 2015: MATERHORN-Fog

DPG exp
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Y

exp preparation + modeling
analysis of previous work
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Organization of Meetings/Special Sessions (8):
• A special AGU Session on Complex Terrain flows was organized by Stephan De 

Wekker (University of Virginia) and Fotini Chow (UC Berkeley), 2011 Fall Meeting.
• Organized a special session on “Atmospheric Observations in Mountainous Terrain” 

at the 92nd American Meteorological Society Annual Meeting, January 22-26, 2012).
• Organization of special session on “Atmospheric boundary layers in complex terrain 

and over ice, snow and vegetated surfaces” at the Davos Atmosphere and 
Cryosphere Assembly (DACA), 8-12 July 2013 by Stephan DeWekker.

• Organized a special session on “MATERHORN Project” 94th AMS Annual Meeting in 
2014, Atlanta, 2-6 February, by HJS Fernando, Josh Hacker, Eric Pardyjak, Stephen De 
Wekker and Tina Chow.

• Organized a special session on “Research on Improving Weather Prediction for 
Mountain Terrain” at the AGU Fall Meeting, 9-13 December 2013, by Josh Hacker, 
Eric Pardyjak, Stephen De Wekker and Tina Chow.

• Organized a special session on “Observations, Predictions, and Predictability of the 
Atmosphere Over Complex Terrain” at the AGU Fall Meeting, 15-19 December 2014 
by Josh Hacker, H.J.S. Fernando and Eric Pardyjak.

• Organized a Special session on: Observations and Predictability of the Atmosphere 
over Complex Terrain (Session ID: 8181), AGU Fall Meeting, 2015 by Eric Pardyjak, 
Daniel Nadeau, Josh Hacker and H.J.S. Fernando.

• Organized a special session on Complex Terrain Flows, 19th Conference on 
Applications of Air Pollution Meteorology, American Meteorological Society, 96th

Annual Meeting, 2016 (Laura Leo and H.J.S. Fernando). 

issues

http://ams.confex.com/ams/92Annual/oasys.epl


Special Journal Issues

• AMS  Journals – special collection  (Zhaoxia Pu 
as the editor) - afoot

• Boundary Layer Meteorology (Silvana Di 
Sabatino as the editor) – completed, 9 papers

• Environmental Fluid Mechanics (Eric Pardyjak
as the editor)

Bams
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Modeling   (MATERHORN-M)
Experiments  (MATERHORN-X)
Technology Development         (MATERHORN-T)
Parameterizations                      (MATERHORN-P)

MATERHORN has four components 
working symbiotically 

across institutions and disciplines

Process fig





MATERHORN-X 

(Dry, Fall, Spring, Fog)

….Collecting high quality, high space-
time resolution, data from the real 

world

2 experiments



Fog



MATERHORN-FOG

Heber Valley

Salt Lake Valley

Nov 30 – Feb 15, 2015



VIPs in action



Radiation measurements/calibrations

Perdigao



Perdigão Field Experiment: May–June 2017
Complex Terrain flow at Microscale

with wind engineering applications 
(NSF – SPO funded)Lead US Principal Investigators

Harindra Joseph Fernando, University of Notre Dame
Julie K. Lundquist, University of Colorado

Lead EU Investigator:  
Jakob Mann, Technical University, Denmark

Contributors:
Robert Banta, NOAA/ETL
Rebecca Barthelmie, Cornell University
Luciano Castillo, Texas Technical University
Tina Katopodes Chow, University of California, Berkley
Christopher Hocut, U.S. Army Research Laboratory
Petra Klein, University of Oklahoma
David Knapp, U.S. Army Research Laboratory
Laura Sandra Leo, University of Notre Dame
Jakob Mann, Danish Technical University, Denmark
Steven P. Oncley, National Center for Atmospheric Research
Jose Lahaina Palma, Porto University, Portugal
Eric Pardyjak, University of Utah
Edward Patton, National Center for Atmospheric Research
Marco Princevac, University of California, Riverside 
Luis Ribeiro, Bragança Polytechnic Institute



MATERHORN-M

...Improving predictability on 
mesoscale



MATERHORN - M

• Numerical experiments examining the impact of regional-scale soil 
moisture analysis biases on WRF temperature and stability forecasts 
over the MATERHORN study area – significant improvements in 
predictions. The recently launched NASA Soil Moisture Active 
Passive (SMAP) mission may significantly improve forecasts 

• A novel method was developed to assimilate near-surface winds 
and temperatures that have systematic departures from a model.

• Several implementations of the logarithmic drag law for surface 
momentum and heat fluxes have been tested inside WRF.

• For MATERHORN-Fog, real-time forecasts with WRF were executed 
by Professor Zhaoxia Pu at high resolution (~1 km horizontal grid 
intervals), initialized two times per day (at 00 and 12 UTC), which 
supported the go/no-go decisions for IOPs. After the field programs, 
the forecast results were evaluated by the University of Utah group. 



MATERHORN-T

...pushing technological frontiers



MATERHORN - T



• Unmanned Aerial Vehicle 
– Temperature, humidity, wind velocity
– Turbulent components (combo probe) up to Kolmogorov
– Onboard data acquisition
– Automated flight tracks
– Fog droplet size distribution (FASS)

System deployed on 
tower near east slope 
of Granite Mountain

Polarization 
Response

Ground 
Reflections

• Designed, Constructed and Deployed  
three-frequency sensor systems to 
collection RF polarimetric data – for 
moisture (RF Cross-wires)

- Extensive data, two MATERHORN 
sites, moisture calibration

- Developed theoretical 
electromagnetic modeling

- Field Research Vehicle  (DURIP)



Triple Lidar deployment

Fig. 3. 7 October 2012 setup of three Doppler wind lidars from ARL (green), UND (blue), and UU (red).

The left panel is a 3D depiction of RHI scans from three Doppler wind lidars. The right panel is a latitude,

longitude and altitude coordinate for three Doppler wind lidars. Note that a 32 m meteorological tower

(ES2) with a 28 m AGL sonic anemometer was located between the UND and UU lidars.

MATERHORN FALL 2012



Virtual Tower using Triple Lidar!

Examples of vertical profile (virtual

towers) 3D wind vectors retrieved

from coordinated triple Doppler

wind lidars scanning on 7 October

2012. The down valley low-level jet

was evident in these virtual towers

at 11.61 to 12.77 UTC (0537 to

0646 MDT). The horizontal distance

between two virtual towers is 134

m.

Notre Dame will soon purchase 
a Triple Lidar System 
– A DURIP Grant/ONR
– First from Halo Photonics 
Streamline®



DTU Wind Energy, Technical University of Denmark

Long-range WindScanner system
Courtesy: Nikola Vasiljević

27

• WindScanners coordinated by a remote master computer

• Coordination can be achieved using any type of network

• WindScanners are synchronized

• Arbitrary scanning trajectories

• Measurement rate can be dynamic from one LOS measurement to another

• Distances which the LOS measurements are acquired can be dynamic as well

• Flexible remote sensing measurement system that can accommodate 
wide range of atmospheric experiments 

Master 
computer

Threshold 10 ms 

Threshold 10 ms 
With master computer



• Sonic-hotwire Combo System (2-20 kHz)

– Developed and deployed

– unique turbulence information, dissipation scales 
• Allow myriad of turbulence and multiscale studies



MATERHORN-P

Improve mixing parameterizations

via improved physics 

(observations, high resolution 

simulations, laboratory experiments) 

Implement them in models

ND 



Progress - Notre Dame Group 
FY 2015



ES5
ES4

ES3
ES2

Flow Collisions 

Lidar


MesoL


MesoL


MesoL

KL



East Slope LiDAR - 4:41– 5:11 UTC (22:41 – 23:11 MDT)



Secondary Collisions

High resolution IR Imaging shows seiching of stratified boundary layer



Collision Periods

Discernible spikes in TKE when collisions occur

2
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Secondary Collisions
(Hocut & Hoch) 

Zhong
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BURSTING IN THE 
STABLE BOUNDARY LAYER –

BOTTLENECK EFFECT







Bursts and no-bursts

No bursts

with bursts

Eliezer Kit  will present

end

Bump 
bottleneck

Sonics



WRF – 500 m

for IOP8, October 18, 2012 

Boundary Layer Meteorology – In Press

Reneta Dimitrova
Zachariah Silver



Keep unravelling mysteries

www.nd.edu/~dynamics/Materhorn



Thank you
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