NOAA Technical Memorandum NWS WR-164

AN OBJECTIVE AID FOR FORECASTING AFTERNOON RELATIVE HUMIDITY
ALONG THE WASHINGTON CASCADE EAST SLOPES

Salt Lake City, Utah
April 1981

U.S. DEPARTMENT OF National Oceanic and National Weather
COMMERCE _ Atmospheric Administration Service



NOAA TECHNICAL MEMORANDA
National Weather Service, Western Region Subseries

The National Weather Service (NWS) Western Region (WR) Subseries provides an informal medium for the documentation and quick dissemination of results not
appropriate, or not yet ready, for formal publication. The series is used to report on work In progress, to describe technical procedures and practices,
or to relate progress to a limited audience. These Technical Memoranda will report on investigations devoted primarily to regional and local problems of
interest mainly to personnel, and hence will not be widely distributed.

Papers 1 to 25 are in the former series, ESSA Technical Memoranda, Western Region Technical Memoranda (WRTM); papers 24 to 59 are in the former series,
ESSA Technical Memoranda, Weather Bureau Technical Memoranda (WBTM). Beginning with 60, the papers are part of the series, NOAA Technical Memorada NWS.

Qut-of-print memoranda are not listed.

Papers 2 to 22, except for 5 (revised edition), are available from the National Weather Service Western Region, Scientific Services Division, P. 0. Box
11188, Federal Building, 125 South State Street, Salt Lake City, Utah 84147. Paper 5 (revised edition), and all others beginning with 25 are available
from the National Technical Information Serv1ce. U. S. Department of Commerce, Sills Building, 5285 Port Royal Road, Springfield, V1rg1n1a 22151. Prices
vary for all paper copy; $3.50 microfiche. Order by accession number shown in parentheses at end of each entry.

ESSA Technical Memoranda (WRTM)

2 Climatological Precipitation Probabilities. Compiled by Lucianne Miller, December 1965.

3 Western Region Pre- and Post-FP-3 Program, December 1, 1965, to February 20, 1966. Edward D. Diemer, March 1966.

5 Station Descriptions of Local Effects on Synoptic Weather Patterns. Philip Williams, Jr., April 1966 (revised November 1967,0ctober 1969). (PB-17800)
8 Interpreting the RAREP, Herbert P. Benner, May 1966 (revised January 1967).

11 Some Electrical Processes in the Atmosphere. J. Latham, June 1966

17 A Digitalized Summary of Radar Echoes within 100 Miles of Sacramento, California. J. A. Youngberg and L. B. Overaas, December 1966.

21 An Objective Aid for Forecasting the End of East Winds in the Columbia Gorge, July through October, D. John Coparanis, April 1967.

22 Derivation of Radar Horizons in Mountainous Terrain. Roger G. Pappas, April 1967.

ESSA Technical Memoranda, Weather Bureau Technical Memoranda (WBTM)

25 Verification of Operational Probability of Precipitation Forecasts, April 1966-March 1967. W. W. Dickey, October 1967. (PB-176240)

26 A Study of Winds in the Lake Mead Recreation Area. R. P. Augulis, January 1968. (PB-177830)

28 Weather Extremes. R. J. Schmidli, April 1968 (revised February 1981).

29 Small-Scale Analysis and Prediction. Philip Williams, Jr., May 1968. (PB-178425)

30 Numerical Weather Prediction and Synoptic Meteorology. Capt. Thomas D. Murphy, U.S.A.F., May 1968. (AD-673365)

31 Precipitation Detection Probabilities by Salt Lake ARTC Radars. Robert K. Belesky, July 1968. (PB-179084)

32 Probability Forecasting--A Problem Analysis with Reference to the Portland Fire Weather District. Harold S. Ayer, July 1968. (PB-179289)

35 Joint ESSA/FAA ARTC Radar Weather Surveillance Program. Herbert P. Benner and DeVon B, Smith, December 1968 (revised June 1970). AD-681857)

36 Temperature Trends in Sacramento--Another Heat Island. Anthony D. Lentini, February 1969. (PB-183055)

37 Disposal of Logging Residues without Damage to Air Quality. Owen P. Cramer, March 1969. (PB-183057)

39 Upper-Air Lows over Northwestern United States. A. L. Jacobson, April 1969. (PB-184296)

40 The Man-Machine Mix in Applied Weather Forecasting in the 1970's. L. W. Snellman, August 1969. (PB-185068)

42 Analysis of the Southern California Santa Ana of January 15-17, 1966. Barry B. Aronovitch, August 1969. (PB-185670)

43 Forecasting Maximum Temperatures at Helena, Montana., David E. Olsen, October 1969. (PB-185762)

44 Estimated Return Periods for Short-Duration Precipitation in Arizona. Paul C. Kangieser, October 1969. (PB-187763)

46 Applications of the Net Radiometer to Short-Range Fog and Stratus Forecasting at Eugene, Oregon. L. Yee and E. Bates, December 1969. (PB-190476)

47 Statistical Analysis as a Flood Routing Tool. Robert J. C. Burnash, December 1969. (PB-188744)

48 Tsunami. Richard P. Augulis, February 1970. (PB-190157)

49 Predicting Precipitation Type. Robert J. C. Burnash and Floyd E. Hug, March 1970. (PB-190962)

50 Statistical Report on Aeroallergens (Pollens and Molds) Fort Huachuca, Arizona, 1969. .Wayne S. Johnson, April 1970. (PB-191743)

51 Western Region Sea State and Surf Forecaster's Manual. Gordon C. Shields and Gerald B. Burdwell, July 1970. (PB-193102)

+52 Sacramento Weather Radar Climatology. R. G. Pappas and C. M. Veliquette, July 1970. (PB-193347)

54 A Refinement of the Vorticity Field to Delineate Areas of Significant Precipitation. Barry B. Aronovitch, August 1970.

86 Applisation of the SSARR Model to a Basin without Discharge Record. Vail Schermerhorn and Donal W. Kuehl, August 1970. (PB-194394)

56 Areal Coverage of Precipitation in Northwestern Utah. Philip Williams, Jr., and Werner J. Heck, September 1970. (PB-194389)

57 Preliminary Report on Agricultural Field Burning vs. Atmospheric Visibility in the Willamette Va11ey of Oregon. Earl M, Bates and David 0. Chilcote,
September 1970. ({PB-194710)

58 Air Pollution by Jet Aircraft at Seattle-Tacoma Airport. Wallace R. Donaldson, October 1970. (COM-71-00017)

59 Application of PE Model Forecast Parameters to Local-Area Forecasting. Leonard W. Snellman, October 1970. (COM-71-00016)

NOAA Technical Memoranda (NWS WR)

60 An Aid for Forecasting the Minimum Temperature at Medford, Oregon. Arthur W. Fritz, October 1970. (COM-71-00120)

63 700-mb Warm Air Advection as a Forecasting Tool for Montana and Northern Idaho. Norris E, Woerner, February 1971. (COM-71-00349)

64 Wind and Weather Regimes at Great Falls, Montana. Warren B, Price, March 1971. '

66 A Preliminary Report on Correlation of ARTCC Radar Echoes and Precipitation. Wilbur K. Hall, June 1971. (COM-71-00829)

69 National Weather Service Support to Soaring Activities. E1lis Burton, August 1971. (COM-71-00956)

71 Western Region Synoptic Analysis-Problems and Methods. Philip Williams, Jr., February 1972. (COM-72-10433)

74 Thunderstorms and Hail Days Probabilities in Nevada. Clarence M., Sakamoto, April 1972. (COM-72-10554) .

75 A Study of the Low Level Jet Stream of the San Joaquin Valley. Ronald A. Willis and Philip Williams, Jr., May 1972. (COM-72-10707)

76 Monthly Climatological Charts of the Behavior of Fog and Low Stratus at Los Angeles International Airport. Donald M. Gales, July 1972. (COM-72-11140)

77 A Study of Radar Echo Distribution in Arizona During July and August. John E. Hales, Jr., July 1972. (COM-72-11136)

78 Forecasting Precipitation at Bakersfield, California, Using Pressure Gradient Vectors. Earl T. Riddiough, July 1972. (COM-72-11146)

79 Climate of Stockton, California. Robert C. Nelson, July 1972. (COM-72-10920)

80 Estimation of Number of Days Above or Below Selected Temperatures. Clarence M. Sakamoto, October 1972. (COM-72-10021)

81 An Aid for Forecasting Summer Maximum Temperatures at Seattle, Washington. Edgar G. Johnson, November 1972. (COM-73-10150)

82 Flash Flood Forecasting and Warning Program in the Western Region. Philip Williams, Jr., Chester L. Glenn, and Roland L. Raetz, December 1972,
(revised March 1978). (COM-73-10251)

83 A Comparison of Manual and Semiautomatic Methods of Digitizing Analog Wind Records. Glenn E. Rasch, March 1973. (COM-73-10669)

86 Conditional Probabilities for Sequences of Wet Days at Phoenix, Arizona. Paul C. Kangieser, June 1973. (COM-73-11264)

87 A Refinement of the Use of K-Values in Forecasting Thunderstorms in Washington and Oregon. Robert Y. G. Lee, June 1973. (COM-73-11276)

89 Objective Forecast Precipitation over the Western Region of the United States. Julia N. Paegle and Larry P. Kierulff, Sept. 1973. (COM-73- 11946/3AS)

91 Arizona "Eddy" Tornadoes. Robert S. Ingram, October 1973. (COM-73-10465)

92 Smoke Management in the Willamette Valley. Earl M. Bates, May 1974. (COM-74-11277/AS)

93 An Operational. Evaluation of 500-mb Type Regression Equations. Alexander E. MacDonald, June 1974. {COM-74-11407/AS)

94 Conditional Probability of Visibility Less than One-Half Mile in Radiation Fog at Fresno, California. dJohn D. Thomas, August 1974. (COM-74- 11555/AS)

96 Map Type Precipitation Probabilities for the Western Region. Glenn E. Rasch and Alexander E. MacDonald, February 1975. (COM-75-10428/AS)

97 Eastern Pacific Cut-Off Low of April 21-28, 1974, William J. Alder and George R. Miller, January 1976, (PB-250-711/AS)

98 Study on a Significant Precipitation Episode in Western United States. Ira S. Brenner, April 1976. (COM-75-10719/AS)

99 A Study of Flash Flood Susceptibility--A Basin in Southern Arizona. Gerald Williams, August 1975. (COM-75-11360/AS)

102 A Set of Rules for Forecasting Temperatures in Napa and Sonoma Counties. Wesley L. Tuft, October 1975, (PB-246-902/AS)

103 Application of the National Weather Service Flash-Flood Program in the Western Region. Gerald Williams, January 1976. (PB-253-053/AS)

104 Objective Aids for Forecasting Minimum Temperatures at Reno, Nevada, During the Summer Months. Christopher D. Hi11, January 1976. (PB-252-866/AS)

105 Forecasting the Mono Wind. Charles P. Ruscha, Jr., February 1976. (PB-254-650)

106 Use of MOS Forecast Parameters in Temperature Forecasting. John C. Plankinton, Jr., March 1976. (PB-254-649)

107 Map Types as Aids in Using MOS PoPs in Western United States. Ira S. Brenner, August 1976. (PB-259-594)

108 Other Kinds of Wind Shear. Christopher D. Hill, August 1976. (PB-260-437/AS 5

109 Forecasting North Winds in the Upper Sacramento Valley and Adjoining Forests. Christopher E. Fontana, September 1976. (PB-273-677/AS)

110 Cool Inflow as a Weakening Influence on Eastern Pacific Tropical Cyclones. William J. Denney, November 1976. (PB-264-655/AS)

112 The MAN/MOS Program. Alexander E. MacDonald, February 1977. (PR-265-941/AS)

113 Winter Season Minimum Temperature Formula for Bakersfield, California, Using Multiple Regression. Michael dJ. Oard, February 1977. (PB-273-694/AS)

114 Tropical Cyclone Kathleen. James R. Fors, February 1977, (PB-273-676/AS)

116 A Study of Wind Gusts on Lake Mead. Bradley Colman, April 1977. (PBR-268-847)

117 The Relative Frequency of Cumulonimbus Clouds at the Nevada Test Site as a Function of K-Value. R. F. Quiring, April 1977 (PB-272-831)

118 Moisture Distribution Modification by Upward Vertical Motion. Ira S. Brenner, April 1977. (PB-268-740)

119 Relative Frequency of Occurrence of Warm Season Echo Activity as a Function of Stability Indices Computed from the Yucca Flat, Nevada, Rawinsonde.
Darryl Randerson, June 1977. (PB-271-290/AS)



NOAA Technical Memorandum NWS WR-164

AN OBJECTIVE AID FOR FORECASTING AFTERNOON RELATIVE HUMIDITY
ALONG THE WASHINGTON CASCADE EAST SLOPES

Robert S. Robinson

National Weather Service Office
Wenatchee, Washington
April 1981

UNITED STATES NATIONAL QCEANIC AND National Weathei
DEPARTMENT OF COMMERCE ATMOSPHERIC ADMINISTRATION Service

Malcolm Baldrige, Secretary James FoWalsh, Acting Adnmnistrator Ricivrd £ Haligren, Director




This Technical Memorandum has been
reviewed and is approved for
publication by Scientific Services

‘Division, Western Region.

L. W. Snellman, Chief t :

Sclientific Services Division
Western Region Headguarters
Salt Lake City, Utah

i1



CONTENTS

Figures . . . . . .. e e e e e
I. Introduction . . . . .. e e e e e e
II. Review of Previous Studies . . . . . ..
III. Dependent Data ... e e e e e e e e s
IV Independent Data . . . . . . e .
V. Anaiysﬁs and Results . . + v v v v . .
VI.  Conclusions . . . v . .. . .. o

S VII. References . . . . v v v v v v v o v .



Figure 1.

Figure 2.
Figure 3.

Figure 4.

Figure 5.

FIGURES

wenatchée Fire Weather District .....

Geographic Relationship of Fire-Weather
Zones to Radiosonde Stations . . . . . .

Accuracy of Relative Humidity Forecasts
Needed for Eastern Washington (+RH%)

Graphic Solution of Regression
Equation for Zone 677 Relative

Humidity . . . .. .. ... e e e e

Graphic Solution of'RegressiOn
Equation for Zone 682 Relative

Humidity . . . . . . . . .. .. e e e e

iv

7



AN OBJECTIVE AID FOR FORECASTING AFTERNOON RELATIVE HUMIDITY
ALONG THE WASHINGTON CASCADE EAST SLOPES

Robert S. Robinson
Weather Service Office
Wenatchee, Washingten

I. INTRODUCTION

The National Fire Danger Rating System (NFDRS) Develops indices of fire
danger for wild land fire protection based on a number of weather and biolo-
gical variables. One of the inputs to the NFDRS is the afterncon relative
humidity (RH) for specific areas. Daily forecasts of relative humidity are
required for various zones in a protected area. These zones are usually rela-
tively homogeneous with respect to a number of variables.

Primary forecasts are made by the National Weather Service during the late
afternoon, verifying the following afternoon at 1400 Pacific Daylight Time (PDT).
At 0800PDT, the previous afternoon's forecast is updated. This study investiga-
ted the development of an objective forecast aid for afternoon RH in the Wenat-
chee, Washington, forecast area based on information available in the morning
prior to 0800PDT. In order to ensure timeliness of the forecast, utilize the
latest data, and avoid complicated data reduction, a simple direct method,
the linear regression approach was examined.

IT. REVIEW OF PREVIOUS STUDIES

Other methods of prediction are available for either RH or dew point near
the surface. The trajectory model produces prognostic surface dew points and
temperatures Tor selected stations [Reap 1972, Reap 1978] and average RH for
various layers in the atmosphere are available as output from the PE forecast
model [Cooley, 19701*. Neither of these predictive techniques have been found
to be useful at the scale necessary for daily fire-weather forecasts in north-
central Washington [Holcomb, 19731. They are based largely on predicted meteo-
ro1oglca1 variables and consequently seem to suffer some instability, at 1east
in the Pacific northwest.

. A number of studies have examined the correlation of surface dew points with
other variables but work in the area of RH prediction, directly, has been
Timited. Mean monthly values of surface dew point were found to be highly
correlated with total atmospheric precipitable water [Reitan, 19631 although
daily and hourly values were Tess correlated and had considerable variation
[Bolsenga, 19651. In particular, near the west coasts of midliatitude conti-
nents, summertime dew points were less correlated than winter [Reber and Swope,
19727 [Karalis, 1974]. Reasons offered for the latter retationship include the
idea that the main influx of moisture is in the lower levels of the atmosphere
during the summer and that a mechanism for the vertical distribution of moisture
was needed for high correlation [Schwartz, 1968]. In addition, decoupling may
occur between the upper and tower layers of the atmosphere due to summertime
persistence of high pressure over the ocean and subs1dence along the West Coast
[Glahn, 1973].

*Operational PE model was replaced by a baroclinic spectral model August 18,
1980, but output products were not changed [TPB No. 2821].



ITI. DEPENDENT DATA

Data used were from zones 677 and 682 in the Wenatchee Fire Weather District
(Figure 1). Zone 682 is largely forested and mountainous, ranging in elevation
from 4000 feet to about 7000 feet. It is represented by five fire weather sta-
tions operated by the Washington State Department of Natural Resources and the
U. S. Forest Service. The terrain is typical of higher elevations of the
tentral east s]opes of the Washington Cascades. Zone 677 is mainly grass and
scattered pine in a lower elevation area (600 to 4000 feet) adjacent to 682.

It is represented by seven fire weather reporting stations.

Daily zone averages for the 1400PDT RH observations were selected for July
and August 1974 through 1980 for both areas. Because of the effect of persis-
tence of weather regimes and to minimize the amount of data processed, it was
decided to extract data at intervals of several days. RH data were taken at
three-day intervals and tested by computing the autocorrelation coefficient
(rL) to determine persistence [Panofsky and Brier, 1965]. Values were
computed for each year, independence being assumed between years. For zone
682, ri averaged 0.333 and for zone 677, r| averaged 0.355 over the period of
record. This indicates that persistence only accounts for about twelve per-
cent of the variance between days chosen [Brooks' and Carruthers, 1953].

IV. INDEPENDENT DATA

In choosing variables to correlate with the afternoon RH, -the previously
mentioned studies plus some probable physical relationships were cons1dered in
developing the following criteria for a set of predictors:

a. A measure of the current atmospheric moisture.
b. A measure of moisture which could be advected into the area.
c. A measure of the potential vertical mixing of moisture.

d. A measure of the strength of advective forces.

Although the atmospheric precipitable water had been used in the referenced
studies to correlate dew point and total atmospheric moisture, the form of upper
air data available required use of the average surface to 500 mb RH to keep
computations simple. A number of variables were examined in a multiple-regres-
sion program. Among these were:

Average RH sfc to 500 mb at Spokane (GEG).

Average RH Sfc to 500 mb at an upstream station.

1200Z surface dew points.

Average RH 850 to 500 mb at an upstream station.

700 minus 500-mb temperature at an upstream station.

1000 to 500-mb thickness difference between GEG and an upstream station.
'K' value at upstream station.

Local 850-mb temperature.



The average RH Sfc to 500 mb at GEG was used to provide a measure of local
moisture because it is rarely upstream from the fire weather zones at this time
of year (see Figure 2). Two radiosonde stations, Quillayute (UIL), Washington,
and Salem (SLE), Oregon, are frequently affected by strong marine layers near
the surface, sometimes extending above the 850-mb level. However, this marine
layer seldom singularly contributes to the surface RH changes in eastern Washing-
ton due to the barrier of the Cascade mountains. To account for this, a separate
tabulation of average RH from 850 to 500 mb was made on days when either of the
above stations was determined to be the upstream station. Finally, an analyzed
850-mb temperature over the north-central Washington area was included as a trial
predictor because of its known relationship to afternoon temperature changes
along the east slopes of the Cascades [Holcomb, 1979].

Data for 1979 were not available; therefore, 1974, 75, 77, and 78 were used
for development and 1976 and 1980 were used for testing. A1l upper air data
used were from the 12007 radiosonde observations. After compiling data, total
number of days available was 81. '

V. ANALYSIS AND RESULTS

Scatter diagrams of variables versus afternoon RH were plotted for both
zones. A trend of some kind was evident on all except thickness gradient versus
RH. : '

Data were applied to the stepwise linear regression program on the Purdue
University Computer system. This program produces regression coefficients and
constants by entering each variable into the regression equation in turn
until certain criteria are met. To evaluate the data of this study, we aiiowed
all variables to enter the equation, one at a time, so that a number of possi-
ble equations were generated. The variable chosen at each step was that which
- maximized the square of the multiple correlation coefficient.

The results showed that correlation was not especiaily high for any of the
variables and improvement dwindled rapidly after one or two variables had been
correlated with the afternoon RH. Due to the appearance of the scatter diagrams,
correlations were also computed using the variables versus the natural logarithm
of afternoon RH. The best combination of predictors was:

For predicting zone 677 RH

Variables used R R2 Std. Error

Average RH Sfc - 500 mb at upstream

station and Average RH Sfc - 500 mb

at GEG 0.6819 0.4649 9.24
For predicting zone 682 RH

Variables used R R2 Std. Ervror

Average RH Sfc -500 mb at upstream

station and Local 850-mb temperature 0.7176 0.5150 13.48



The resultant regression equations are:

Zone 677 RH = 9.23 + 0.38 (Average RH Sfc - 500 mb upstream station)
+ 0.124 (Average RH Sfc - 500 mb at GEG).
Zone 682 RH = exp [3.81 + 0.0088 (Average RH Sfc - 500 mb upstream

station) - 0.0326 (Local 850-mb temperature)].

The regression equations generated were then tested using independent data
from 1976 and 1980 with the following results:

Variable Predicted | Mean Absolute Error Standard Error
Zone 677 RH 6.40 7.74
Zone 682 RH 11.25 13.62

To analyze the results, one has to know what is the magnitude of acceptable
error. In the fire weather program, this depends upon other factors which are
critical to fire danger such as temperature, wind, and fuel moisture content.
Experience has shown that these relationships are complex; however, in general,
the lower the RH the greater the accuracy needed. In eastern Washington, we
have observed that an accuracy of *+ 5 percent is desirable when the RH is near
20 percent, while + 15 to 20 percent is satisfactory when the RH is near 70
percent. This subjective criteria were used to develop a measure of the
accuracy required over the entire range of observable RH. This is shown in
Figure 3. For each day of the independent data sample (1976 and 1980), regres-
sion equation forecast errors were compared with the required accuracy from
Figure 3. Out of a total of 80 comparisons, 52 (or 65%) verified within the
forecast accuracy.

Another measure of usefulness is the ability to predict large (20% or
greater) 24-hour changes in RH. Of the 16 large changes existing in the
1976 and 1980 verification data, 12 (or 75%) were forecast by the regression
equations, and they verified within the required forecast accuracy.

VI. CONCLUSIONS

Regression prognoses of afternoon RH give a good first approximation of
observed values. When coupled with other forecast data, this guidance is
considered a useful forecasting tool. In operational use, the average RH
Sfc to 500 mb, can be determined from a simple equation in a programmable
calculator of sufficient capacity by inputting radiosonde significant level
data. The regression equations can also be solved numerically by computer
for zone RH prognoses or the graphical solutions given in Figures 4 and 5
can be used.
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140 Influence of Cloudiness on Summertime Temperatures in the Eastern Washington Fire Weather District. James Holcomb, April 1979, (PB298674/AS)
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS

The National Oceanic and Armospheric Administration was established as part of the Department of
Commerce on October 3, 1970. The mission responsibilities of NOAA arc to assess the socioeconomic impact
of natural and technological changes in the environment and to monitor and predict the state of the solid Earth,
the oceans and their living resources, the atmosphere, and the space environment of the Earth.

The major components of NOAA regularly produce various types of scientific and technical informa-

tion in the following kinds of publications:

PROFESSIONAL PAPERS — Important definitive
research results, major techniques, and speciak inves-
tigations.

CONTRACT AND GRANT REPORTS — Rcports
prepared by contractors or grantces under NOAA
sponsorship.

ATLAS — Presentation of analyzed data generally
in the form of maps showing distribution of rainfall.
chemical and physical conditions of oceans and at-
mosphere, distribution of fishes and marine mam-
mals, ionospheric conditions, etc.

TECHNICAL SERVICE PUBLICATIONS — Re-
ports contajning data, observations, instructions, etc.
A partial listing includes data serials; prediction and
outlook periodicals; technical manuals, training pa-
pers, planning reports, and information serials; and
misccllaneous technical publications.

TECHNICAL REPORTS — Journal quality with
cxtensive details, mathematical developments, or data
listings.

TECHNICAL MEMORANDUMS — Reports  of
preliminary, partial, or negative research or technol-
ogy results, interim instructions, and the like.

Information on availability of NOAA publications can be obtained from:

ENVIRONMENTAL SCIENCE INFORMATION CENTER (D822)
ENVIRONMENTAL DATA AND INFORMATION SERVICE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
U.S. DEPARTMENT OF COMMERCE

6009 Executive Boulevard
Rockville, MD 20852



