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Table ES1. Physical parameters for the main land use types of GMAST and surroundings.

Site Roughness height 
(m)

Average albedo Soil thermal 
conductivity 
(W m–1 K–1)

Oct May Oct May

IOS-Playa 5.7 × 10–4 0.31 0.34 0.98 0.79

IOS-Sagebrush 0.24 0.27 0.24 0.59 0.73

IOS-ES 0.10 0.23 0.19 0.44 0.54

Fig. ES1. In the fall campaign, the lidar placement near the small gap allowed plan position indicator (PPI), 
range–height indicator (RHI), and velocity azimuth display (VAD) scans through and surrounding the gap. (a) 
When directed along the slope, lidar captured the downslope flow. (b) When aimed at a location in the gap, 
complex flow patterns with varying magnitude and direction were evident; see time–height plots. (c) For a 
closer look at the gap flow, in the spring campaign the small gap was instrumented with three towers: SG 1, 
SG 2, and SG 3. Tower data indicated how the competition between multiple flows and forcing mechanisms 
determine the spatiotemporal nature of gap flow. (d) In the early evening of a quiescent day (the night of 10 
May), 10-m levels of SG 1 and SG 3 located on the northern bank of thalweg show (northeasterly) katabatic winds 
to the gap from GM although there is (northwesterly) drainage through the thalweg that passes though SG 2. 
Suddenly, around 0000 MDT, the SG 2 flow reverses, and SG 1 and SG 2 adjust so that drainage is easterly. After 
draining for an hour or so, SG 3 experiences a reversal, indicating strong horizontal shear in the gap, easterly 
flow in the northern banks, and northwesterly flow over the southern banks. Lapsed another half an hour or 
so, all towers show a stronger flow (strait flow!) from west to east basins. Such vacillations continue within a 
mesoscale grid point, which obviously cannot be resolved by canonical mesoscale models. These submesoscale 
processes are critical to the mountain weather prediction and point out the need for ultra-high-resolution 
modeling advocated in MATERHORN.
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Table ES2. Details of instrumentation (from Hocut 2013).

Instrument Quantity measured Rangea Accuracy

100S Doppler lidar Ur, SNR Up to 12 km <0.5 m s–1

3D sonic anemometer U, V, W, T — ±0.05 m s–1, ±2°C

Ceilometer Cloud-height detec-
tion aerosol backscat-
ter

0–7.6 km ±5 m

DataHawk unmanned 
aerial vehicles (UAV)b

U, V, W, T, CT2, RH, 
P, ε

Up to 3 km AGL 0.1 m s–1, 0.3°C, 
1.0 × 10–6, 0.01%, 
1.0 Pa,1.0 × 10–6 W kg–1

Distributed tempera-
ture sensing (DTS)  
systemb

T 2 km ±0.1°C

Fine-wire thermo-
couple

T — ±0.2°C

Flamingo UAVb u', υ', w', ε, T, RH 12.8 km 4% for 30% TI

FLIR IR camera T max FOV = 63.2° × 
52.4°

±2°C or ±2%

Flux Richardson probe u'w' and w'T' — ±10%

Frequency-modulated 
continuous-wave (FM-
CW)  radar

C2
n Usually set to 4 km —

Gravimetric soil ob-
servationsc

VWC Surface and 5 and 25 
cm below the surface

1%–3%

Heat flux plates Soil Q — –15% to +5%

HMP45 probe T, RH — ±0.6°C, ±3%

HOBO U23 Pro v2 T, RH — ±0.21°C, ±3.5%

Hot-film combo probe u', υ', w', ε — 4% for 30% TI

Infrared gas analyzer CO2 and H2O density — 1% and 2%

Krypton hygrometer H2O vapor fluctua-
tions

— —

Local energy-balance 
measure ment stations 
(LEMS) 

P, T, RH, TS, VWCsoil, 
Tsoil, SWi

— ±0.035 kPa, 
±0.3°C, ±2%, ±2%, 
±0.03 m3 m–3, ±1°C, 
±3%

Levelogger Goldc Water table depth 0–1 m below the 
surface

0.05% F.S.

Microwave radiom-
eter profilerc

T, H2O vapor ρ profie, 
liquid H2O profile, 
derived RH

0–10 km ±2°C, ±0.5 g m–3, 
0.1 g m–3, 20%

Mini-SoDAR U, WD 50–400 m 0.5 m s–1, ±2°

Net radiometer SWi, SWo, LWi, LWo — ±10%

Pyranometer (CMP21) SWi, SWo — ±5 W m–2

Pyrgeometer (CGR4) LWi, LWo — ±10 W m–2

Radiosonde T, RH, P, U Up to 30 km 0.5°C, 5%, 1 hPa, 
0.2 m s–1

RF polarimetric 
crosshair

Soil moisture 1-km grid scale —
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Table ES2. Continued.

Instrument Quantity measured Rangea Accuracy

Sound detection and 
range/radio acoustic 
sounding system (So-
DAR/RASS) 

U, W, WD, T 30 m–1 km <0.3 m s–1, <0.1 m s–1, 
±1.5°, 0.2°C

Streamline Doppler 
lidar

Ur, SNR Up to 10 km <0.5 m s–1

Tethersonde T, RH, P, U, WD 0–500 m 0.5°C, 5%, 1.5 hPa, 
0.1 m s–1, 1°

TP01 soil property 
probe

Thermal conductivity 0.3–4 Wm–1 K–1 ±5%

Twin Otter Wind lidar 
(TODWL)b

U, V, W, SNR 0.3–21 km <0.1 m s–1

Wind monitor an-
emometer

U, WD — ±0.3 m s–1, ±3°

Wind Profiler 449 U, WD 0.075–16 km ±1 m s–1, ±10°

Wind Profiler 924 U, WD 0.075–5 km <1 m s–1, <10°

a Represents the maximum possible range. Results depend on atmospheric conditions.
b Only present during the fall campaign.
c Only present during the spring campaign.

Fig. ES2. Movie on flow visualization (http://www3.nd.edu/~dynamics/materhorn/Media/LasVisGravCur.wmv).
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