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Introduction

• Wind and precipitation patterns over the Northwest 

Ross Ice Shelf region of Antarctica are greatly 

influenced by the region’s complex topography.

• The Antarctic Mesoscale Prediction System (AMPS) 

is the primary source of data for examining wind and 

precipitation characteristics over the area.

• Evaluation of AMPS forecasts has been limited due 

to scarce meteorological observations, especially on 

the mesoscale.

• Observations from the Atmospheric Radiation 

Measurement (ARM) West Antarctic Radiation 

Experiment (AWARE*) are employed to evaluate 

AMPS output for a wind and precipitation event that 

spanned 16-20 January 2016.

* Data were obtained from the ARM user facility, a U.S. Department of Energy (DOE) Office of 

Science user facility managed by the Biological and Environmental Research Program

AWARE Field Site

White Island Black Island

Key Observations

• Balloon Soundings

• Surface Meteorology

• Ka-band Zenith Radar (KAZR)

• X-band Scanning ARM Cloud 

Radar (XSACR)

AWR: AWARE Field Site 

NZFX: Phoenix Airfield   NZWD: Williams Airfield
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AMPS Evaluation Approach

• Using AMPS output from an inner domain having 

horizontal grid spacing of 1.1 km. 

• AMPS 12-35-hour forecasts are used to create 

two different hourly sequences of analyses over 

the 16-20 January 2016 period: one that 

employs initializations at 00 UTC (Init00) and the 

other at 12 UTC (Init12).

Surface Meteorology at AWR

• AMPS is colder and drier than AWR observations 

at the surface.

• AMPS surface winds are comparable to AWR 

observations.

• Observed liquid equivalent precipitation 

accumulation is ~22 mm over the 5-day period, 

with rates as large as 3 mm h-1.  In contrast, 

AMPS produces no surface precipitation at AWR 

during the 5-day period.

AMPS Init00 AMPS Init12Observations
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Wind Profiles Above AWR

• Observed profiles created by 

temporally interpolating     

12-hourly balloon soundings.

• Timing and magnitude of 

AMPS wind profiles above 

AWR are generally well 

reflected in the observations.

• Largest differences are in the 

V-component winds where 

AMPS produces some 

negative values in the lowest 

500 m while observed values 

at those levels are almost all 

positive.

AMPS Init00 AMPS Init12Observations
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Relative Humidity and 

Reflectivity Profiles          

Above AWR

• Observed profiles of relative 

humidity created by temporally 

interpolating 12-hourly balloon 

soundings.

• Observed profiles of reflectivity 

from KAZR.

• Simulated reflectivity derived 

from rain, snow and cloud-ice 

condensate fields.

• AMPS is drier than observed, 

especially in the lowest 1-2 km.

• AMPS reflectivity extends 

upward to similar heights and 

has comparable magnitude 

aloft to that observed.

• However, AMPS reflectivity 

does not extend down to the 

surface as observed likely due 

to the relatively dry air in the 

lowest 1-2 km.



AMPS Evaluation Approach with XSACR Data

• XSACR polar data from PPI volumes interpolated to the AMPS 1.1 km grid at 0.5, 1.0, 1.5, 2.0 

and 2.5 km MSL.

• AMPS output interpolated to the 0.5, 1.0, 1.5, 2.0 and 2.5 km MSL levels.

• AMPS output temporally interpolated to match the time of an XSACR PPI volume.

• AMPS radial velocity (VR) relative to AWR (negative toward, positive away) derived from 

horizontal and vertical wind fields.

VRAMPS - VRXSACR

AMPS Init00 AMPS Init12Observations

VRAMPS - VRXSACR

VRAMPS VRAMPSVRXSACR

Radial Velocity

10 m/s

Radial Velocity Evaluation:

17 January 080726 UTC at 0.5 km MSL

• AMPS captures the basic flow pattern, including 

flow around and between Black and White 

Islands, but does not extend the strongest 

southerly winds (negative radial velocities) far 

enough west.

17 January 

080726 UTC

0.5 km MSL



Fraction of Good VRXSACR

Mean (VRAMPS – VRXSACR)

Radial Velocity Evaluation:

Entire 16-20 January Event at 0.5 km MSL

• 55 XSACR PPI volumes and corresponding 

AMPS analyses over the 5-day period.

• Statistics of VRAMPS-VRXSACR at 0.5 km MSL 

are documented.

• AMPS radial velocities have a positive mean 

bias across much of the western XSACR 

domain and south of White Island, which 

suggests that AMPS is underestimating the 

strength of southerly winds in those regions.

• AMPS radial velocities have a negative mean 

bias along the southern edge of the XSACR 

domain, which suggests that AMPS is 

overestimating the strength of southerly winds 

in the lee of Minna Bluff.

• AMPS radial velocities have a very small mean 

bias over the areas east of AWR and White 

Island where influences from complex terrain 

are reduced.

• Standard deviations of AMPS radial velocity 

bias are largest over the western two-thirds of 

the XSACR domain where terrain is the most 

complex.

AMPS Init00 AMPS Init12

Mean (VRAMPS – VRXSACR)

Std. Dev. (VRAMPS – VRXSACR) Std. Dev. (VRAMPS – VRXSACR)

Observations:



0.5 km MSL

Reflectivity

0.5 km MSL

Precipitation Rate

from

𝑍 = 55𝑆1.43

Matrosov et al. 

(2009)

AMPS Init00 AMPS Init12Observations17 January 

080726 UTC

Reflectivity/Precipitation Rate Evaluation:

17 January 080726 UTC at 0.5 km MSL

• AMPS precipitation at 0.5 km MSL is shifted east 

of the locations indicated by XSACR, especially 

for Init00.

• AMPS produces almost no precipitation at the 

surface in any part of the XSACR domain. 

Surface 

Precipitation 

Rate

Surface 

Precipitation 

Rate

10 m/s



Reflectivity/Precipitation Rate Evaluation:

Entire 16-20 January Event

• 55 XSACR PPI volumes and corresponding 

AMPS analyses over the 5-day period    

(i.e., 120 hours).

• Precipitation rate is derived from reflectivity 

at 0.5 km MSL for each XSACR PPI 

volume and AMPS analysis.

• Derived 0.5 km MSL precipitation rates are 

summed and multiplied by 2.18 (120 hours 

divided by 55 volumes/analyses) to get 

storm total accumulations.

• Observed 0.5 km MSL XSACR storm total 

accumulation at AWR is about ~25 mm, just 

a little larger than gauge-derived value at 

the surface.  Maximum observed 0.5 km 

MSL XSACR accumulations of 50-60 mm 

exist east of AWR out to a range of ~40 km, 

with accumulations in excess of 20 mm 

evident over large portions of the eastern 

XSACR domain including White Island.

• AMPS 0.5 km MSL storm total 

accumulations east and southeast of AWR 

are of comparable magnitude to the 

XSACR observations at 0.5 km MSL but 

are significantly reduced at the surface.

0.5 km MSL XSACR

Storm Total Accumulation

Observations:

AMPS Init00 AMPS Init12
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