NASA Technical Paper 1408

Preliminary Results of Passive
Microwave Snow Expefiment During
February and March 1978

A. T. C. Chang, J. C. Shiue, H. Boyne,
D. Ellerbruch, G. Counas, R. Wittmann,
and R. Jones

MARCH 1979

NNASAN

LOAN COPY?! RTTLUPN &
AFWL TECHNICAL A .
KIRTLAND AFL, i #.

NASA )
TP ‘
1h08

c.1

L]
R

SO0ghETD

WN ‘g4V) AdVHEIT HO3L

z N P



Document Processing Errors

Document: N@fﬁm"_’?’ |HOT

Document Problems:

m\%%\f\g:) G Ci\)@%i
[Z2 “o 20

LS e 93




TECH LIBRARY KAFB, NM

LR

0134805
NASA Technical Paper 1408

Preliminary Results of Passive
Microwave Snow Experiment During
February and March 1978

A. T. C. Chang and J. C. Shiue
Goddard Space Flight Center
Greenbelt, Maryland

H. Boyne, D. Ellerbruch, G. Counas,
R. Wittmann, and R. Jones
National Bureau of Standards
Bouwulder, Colorado

NNASN

National Aeronautics
and Space Administration

Scientific and Technical
Information Office

1979



This document makes use of international metric units according to the
Systeme International d’Unites (SI). In certain cases, utility requires the
retention of other systems of units in addition to the SI units. The conven-
tional units stated in parentheses following the computed SI equivalents are
the basis of the measurements and calculations reported.
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ABSTRACT

The purpose of this experiment was to determine if remote microwave
sensing of snowpack data could be used to predict runoff, thereby allowing
more efficient management of the water supply. A four-frequency microwave
radiometer system was attached to a truck-mounted aerial lift and was used
to gather data on snowpacks at three different sites in the Colorado Rocky
Mountains. Ground truth data measurements (density, temperature, grain
size, hardness, and free-liquid water content) were taken at each site corres-
ponding to each microwave scan. Although the detailed analysis of these data
is not yet complete, understanding of microwave sensing has been enhanced
considerably.
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PRELIMINARY RESULTS OF PASSIVE MICROWAVE
SNOW EXPERIMENT DURING FEBRUARY AND MARCH 1978

A.T.C. Chang and J. C. Shiue
Goddard Space Flight Center
Greenbelt, Maryland

and

H. Boyne, D. Ellerbruch, G. Counas,
R. Wittmann, and R. Jones
National Bureau of Standards
Boulder, Colorado

INTRODUCTION

Runoff from melting snow provides greater than 65 percent of the streamflow for most of
the mountainous western United States. Timely and accurate prediction of the amount of
runoff would allow more efficient management of the scarce water supply for hydropower
generation, irrigation, and domestic and industrial water use.

In order to monitor the snow resources to predict runoff, it is necessary to measure the
water equivalent, free-water content, and covered area of snowpacks. In addition to the
snow properties (e.g., temperature profile, density, grain size), the condition of the under-
lying soil surface is especially important for estimating the amount of snow-melt water that
will reach the stream channel as runoff, Presently, data needed for runoff predictions are
obtained from in-situ measurements of snow depth, density, and water equivalent along
preselected snow courses. Measurements using these methods are difficult to obtain in severe
weather conditions; hence, data for snowmelt models in watershed runoff forecasting are
frequently insufficient.

Remote sensing techniques may provide data more suitable to model calculation because of
their capability of making measurements over the entire watershed area in a relatively short
time period. Estimates of snow-covered areas from satellite-borne visible and infrared images
for several test watersheds correlate well with the runoff yields (Reference 1). This seems to
be a new and promising technique for runoff forecasts. However, the capabilities of the
visible and infrared images are limited by the penetration of these short wavelengths through
clouds and snowpacks.



Microwaves are largely unaffected by clouds and can penetrate through snow, the depth of
penetration depending on the wavelength. Therefore, the development of a technique for
the remote sensing of snow-water equivalent over large areas would seem promising. Micro-
wave sensing is one of the most promising techniques because of the volume scattering prop-
erties of snow grains at microwave wavelengths. Recent studies (References 2 and 3) showed
that multifrequency microwave measurements could be used to infer these interesting snow
parameters.

A truck-mounted multifrequency microwave radiometer system (5.0, 10.7, 18, and 37 GHz)
was used to conduct field experiments in the Rocky Mountains of Colorado during February
and March of 1978. The truck mobility allowed experimenters to move from one test site
to another with relative ease and speed. This system was integrated by personnel of the
National Aeronautics and Space Administration/Goddard Space Flight Center in cooperation
with the National Bureau of Standards.

EXPERIMENTAL APPARATUS AND PROCEDURES

Four radiometers (5, 10.7, 18, and 37 GHz) were mounted on a metal-framed enclosure that
could be controlled by an aerial lift. The truck-mounted hydraulically operated boom had

a maximum length of 14 m when all three sections were fully extended. The boom could

be moved in both elevation and azimuth. Also, the instrument unit could be rotated in an
elevation plane. The rotation, coupled with the elevation movement and telescoping of the
boom, allowed experimenters to vary the incidence angle and location for the measurements.

All four radiometers measured both vertically and horizontally polarized electromagnetic
waves. The antennas were corrugated horns with low sidelobes. The nominal 3-dB beam
widths were 6° except the 5-GHz unit, which was 15°. The radiometers were comparison
or Dicke types with square waves for modulation and synchronous detection. The noise-
equivalent brightness temperature (temperature sensitivity) was about 1 K with 0.1-sec
integration time. In this experiment, more than 60 samples of brightness temperature
measurements were taken and averaged for each single data point to improve measurement
precision. The radiometers were calibrated internally every 16 seconds by switching the
inputs from the antenna to a “hot” load and a liquid-nitrogen “cold” load. The hot-load
temperature and the physical temperature of the antenna were also monitored. External
calibration was achieved by viewing the clear sky and an ambient-temperature Eccosorb

target.

Most brightness-temperature data were obtained by scanning the instrument unit. Two dif-
ferent types of scanning procedures were used in measuring the brightness temperature as
a function of incidence angle. In “swath”scanning the radiometer antenna is scanned in a
vertical plane gradually from nadir (normal incidence) until it is almost perpendicular to the
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nadir, Meanwhile, the antenna remains in a fixed position. Therefore, the antenna actually
views at different spots along a radial “swath” as the incidence angle changes. Under this
condition, any inhomogeneity of the snowfield could modify the characteristic of the
angular dependence. In order to remove the potential field inhomogeneity effect, the
experimenters scanned the radiometer antenna such that it always viewed the same “‘spot”
while the incidence angle changed. In addition to the scanning measurement, several time-
sequence measurements were made to study the diurnal effect on microwave snow signatures.

Physical characterizations of the snowpack (‘‘ground truth’’) were also made along with the
microwave measurement. Snow density and temperature were documented for every 5 cm
of snow depth. The relative hardness or strength of each layer of snow was measured by a
ram penetrometer (see figures A-1 to A-8 in Appendix A). Also, visual inspections were
made of the average grain size of the snowpack at different depths. Liquid-water contents
were measured by centrifuge method and freezing calorimetry (see figures A-9 to A-16 in
Appendix A).

The truck unit performed microwave measurements at three sites, covering both shallow
uniform packs in a valley as well as smaller and deeper packs in a high-elevation mountain
pass. One of the valley sites was located at Hideaway Park, Colorado (adjacent to State
Highway 40 between the towns of Hideaway Park and Fraser), with a uniform snow depth
of 60 to 70 cm in February 1978. The high-elevation site (3658 m) was near Pass Lake of
Loveland Pass, where the snow depth was about 2.4 to 3 m during the measurement. The
third site was located in a valley south of the town of Steamboat Springs, Colorado, with
about 77 cm of wet snow near the end of March 1978.

MICROWAVE RADIOMETRIC OBSERVATIONS

The magnitude of the brightness temperatures for the four radiometers were determined by
comparing the radiation received by the antenna with an internal “hot” load at about 310 K
and a liquid nitrogen “cold” load at about 77 K. The calibration of each radiometer system
was checked by aiming the antenna at targets whose brightness temperatures could be cal-
culated. These targets were Eccosorb absorber and the cold sky. The results of a typical
check for the calibration targets are listed in Table 1. The calculated sky temperature in-
cluded the effect of a dry atmosphere and used the snow temperature of 273 K (0°C),
observed by the thermometer. The temperatures for the Eccosorb were those measured by
the thermocouple inserted inside the microwave absorber. In this case the observed values
generally differed less than 10 K from the calculated brightness temperature. For the range
of brightness observed in this experiment, the error should be comparable to the difference
shown in Table 1. Appendix B lists all the calculated brightness temperatures and physical
temperatures of the hot load and of the antenna collected in this experiment.



Table 1
Comparisons of Observed and Calculated Brightness Temperatures

Brightness Temperature (K)
Difference
Target Observed Calculated (observed - calculated)
\% 2.6 - 23
> H 54 4.9 0.5
A% 2.9 - 23
10 H 4.5 32 - 0.7
Sky V100 3.1
18 H 10.0 6.9 3.1
A" 9.6 - 2.7
37 H 24.6 123 12.3
5 V 288.8 288.6 0.2
H 289.1 288.6 0.5
10 vV 287.1 288.1 - 1.0
H 286.8 288.1 - 1.3
E
ccosorb g V2798 288.1 - 83
H 284.3 288.1 - 3.8
37 VvV  285.1 288.1 - 3.0
H 2874 288.1 - 0.7

SUMMARY AND CONCLUSIONS

The primary goal of the experiment was to study the feasibility of measuring snow depth,
density, and nonuniform vertical grain-size distribution of a snowpack by multichannel
microwave measurement. A total of about 30 days’ snowfield data were collected at three
different test sites. Calibration of the radiometric data and compilation of all the ground

truth data have been completed. Although the detailed analysis of these data has not been
completed, our understanding of the microwave signatures of snowfields and how these
signatures can be exploited to give us the information we seek has been enhanced considerably.
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By reviewing the radiometric data, it is obvious that those brightness-temperature data taken
before any significant melting occurred match quite well with the calculated results from a
microscopic scattering model (Reference 2). However, after the snowpack underwent freeze/
thaw cycles, the measured brightness generally did not match the results of the simple model.
This is probably due to the layering effect generated by the refreezing of free water within
the snowpack. In order to remove possible ambiguities due to this effect, multichannel data
are required to retrieve those snow parameters which are pertinent to the runoff-model
prediction. A

The measured 37-GHz brightness temperatures showed considerable effect of volume scat-
tering by the snow grain. This effect is much less distinct for the 5-GHz when comparing

the brightness temperature for a natural pack and a wind-drift pack. The 37-GHz brightness
temperature for a wind-drift pack is generally about 40 K higher than the naturally compacted
snow pack. We attributed the warmer brightness temperature of the wind-drift pack to its
smaller average grain size (0.5 mm), which scatters less.

The brightness temperature changed drastically when a small amount of free water existed
within the snowpack. The 37-GHz brightness changes first because at this frequency most
of the microwave radiation was emitted from a thin layer of snow exposed to the warmer
snow-air interface. This increase of brightness temperature can be explained qualitatively
by the calculations made by Chang and Gloersen (Reference 3). When there is more than
10 percent free water within the snowpack, the measured brightness temperatures for all
four frequencies were very close to the physical temperature of the snowpack. This char-
acteristic may be used to determine the onset of melting of the snowpack.
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APPENDIX A
GROUND TRUTH DATA

In order to better understand the relationship between the measured brightness temperature
and the physical characteristics of the snowpack, snow-density and temperature profiles,
relative hardness, and free-liquid water content were documented for each test site during
this experiment. Simple descriptions of each measurement are given, and the measured
ground truth data are shown in figures A-1 to A-16.

SNOW DENSITY

Snow-density samples were taken with a cubic box with a volume of 100 cm?®. The box
was inserted parallel to the snow layering for layer properties. Snow density was computed
by comparing the weight of the box when empty and when filled with snow.

SNOW TEMPERATURE

Snow temperatures were taken by inserting into the snowpack a copper-constantan thermo-
couple, mounted on the tip of a stainless steel tube. After the thermocouple reached apparent
equilibrium, the temperature was recorded from the digital readout (accurate within +0.1°C),

RAM PENETROMETER

This instrument is driven slowly into the snowpack by blows from a hammer that is dropped
down a guide rod from known heights. After one or more blows (depending on the hardness
of the snowpack), the penetration of the ram is noted. The ram gives quick and convenient
information about the relative strength of the snowpack without excavating a pit. From
ram penetration data, it is possible to compute a relative strength index called the “ram
number.” The equation for computing the ram number is

nfH

p

R=T+H+




when
R = the ram number
T = the mass of the tube
H = the mass of the hammer
n =  the number of blows of the hammer
f = the fall height of the hammer
p =  the penetration after n blows

MEASURED DENSITY, HARDNESS, TEMPERATURE, AND RAM NUMBER

Figures A-1 to A-8 show the actual measurements of density, hardness, temperature, and ram
number taken during the experiment.
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Figure A-1. Loveland Pass site |, March 17, 1978.
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APPENDIX B
SNOW BRIGHTNESS TEMPERATURES

The following printout shows the calculated brightness temperatures, arranged in chronolog-
ical order. The incidence angle, the interpreted hot-load temperature, the antenna tempera-
ture for each radiometer, and remarks are also listed,

where
REC# = record number
INCLIN = incidence angle in degrees of inclination
T(V) = brightness temperature, vertical polarization (K)
TH) = brightness temperature, horizontal polarization (K)
HOT LD = hot calibration load temperature (K)
ANT = physical temperature of the antenna (K)
MON = month of the year
DAY = day of the month
HR =  hour
MIN = minute
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BRIGHTNESS TEMPERATURES FOR 2/24/78

1978 SMMR SEOW EXPERINENT
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