1241

Special Issue

METEOROLOGICAL
EQUIPMENT TEST
AND EVALUATION

IEEE Transactions on Geoscience Electronics Vol. GE-11 No.2 April 1973



@lsss TRANSACTIONS ON
GEOSCIENCE
ELECTRONICS

APRIL 1978 VOLUME GE-11 NUMBER 2

A PUBLICATION OF THE IEEE GEOSCIENCE ELECTRONICS GROUP -

SPECJAL ISSUE—METEOROLOGICAL EQUIPMENT TEST AND EVALUATION

PAPERS

Introductory Remarks. . . .. e P A A Gzraytys_ 81
Some Instrumentation Definitions for Use by Meteorolognsts and Engmeers .. G C. Gill and P. L. Hexter 83
On the Need for Developing Meteorologxcal Test Standards. :..................... e .D. J. Beaubien 90
Standardizing Functional Tests.............c..... ..o v, *...W. E. Hoehne 95
Observation System Intercomparion. ... ..................... ... ..... J. Z. Holland and D. T. Acheson 101
The Reference Radnosonde asa Tool for Improving Meteorologlcal Data from Conventional Radiosondes :
............................................................................. M. F. E. Hinzpeter 110
CONTRIBUTORS . . . . ... ..... e e [T e 124

ra
77



]

INTRODUCTORY REMARKS

One of the idiosyncrasies of the envirommental
sciences 1s that we cannot examine a slice of "nature",
for example air, in the laboratory and expect that
it will perform as it might in. the free state.

Another is that sensing devices évaluated in the
laboratory do not perform in the same way as they do
when exposed to the environment. Faflure to heed the

.implied warnings of these two statements is the reason

for most problema of -envirommental observing programs.
Instrument accuracy statements, based on laboratory
calibrations, commonly are used as data accuracy
statements. Worse yet, data users too often state
requirements for new. sensors based upon the results
of these same calibrations. -This creates hearly
impossible restrictions on the design and test -of a
field instrument, if indeed the prototypes are ever
field tested.

It is my personal observation that engineers
who design and build instruments and those who use
the data understand too little of each other's
problems. Let me give you four examples. While
each is true, I will keep my remarks as general as
possible so as to avoid personalities.

- A paper appeared two years ago in which the
author examined the Eckman Spiral in the lower
atmosphere over ocean areas. In theory, the spiral
is a turning of the horizontal wind vector with
height (up to about 1 km) due to a decrease in the
effect of surface friction with gltitude. Oceans
are a perfect place to study this phenomenon because
terrain effects over land tend to distort the
spiral. Based on long-term averages of wind data
from several Ocean Station Vessels, the author
concluded that the Eckman Spiral theory was valid.
What he did not know was that the beam-width of
the radar ¢sed on the ships to track the rising
baloon was too broad to obtain accurate wind data
in the lower levels. To compensate, observers on
.the ships assumed an. Eckman Spiral in the first

‘ ,kilometet in order to provide continuity with

upper layer wind information

- In receut years, numerous articles have been
publiahed in both the scientific and popular
literature relating a decrease in incoming solar
radiation to increased air pollution. Some have
taken the argument even further. An article appeared
in a Phoenix paper earlier this year which suggested
that the decrease in the imcidence of skin cancer
was due to decreased soldf yadiation, which, in
tiern, arose from increased air pollution. To help
support his theories, the author examined pyrano-
meter data (incoming solar radiation intensity) for
about a 20 year period for the Phoenix area. He
used a regression curve fitted to the data which
showed about a 20% decrease in the annual average of
daily incoming radiation. Unfortunately, the
absorbent material in the pyranometer had been
changed and had deteriorated after long exposure to
the bright desert sun. Also, the sensor had been
relocated twice during the period of record. A new
analysis of the data (to be published later this
year) shows that the decreasing trend of solar
radiation is in the "noise level"” of the other
uncertainties of the data.

. was reliable.
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In the early 1960's a requirement was stated for
a gensor to measure atmospheric index - of ~ refraction
gradients. It was believed that real-time information
was needed to correct air-craft and space vehicle
radar tracking data in order to realize the inherent
accuracies of the radars. To meet the stated require-
ment, an expendable refractometer for use on a balloon
‘was developed. However, it was later learned that the
"4/3rds-earth" correction was not being applied to
the radar data, This is a rqutine correction which
compensates for radar beam "bending" assuming the
conditions of a standard atmospheric profile.
Additional corrections based on local climatology
were also suggested. These corrections eliminated all
but the most severe (and relatively rare) atmospheric
effects. It was for these latter situations that
the balloon-borne refractometer eventually proved
to be useful. The requirement, and hence the instru-
ment, might have been quite different had the ‘situation
been more fully known when development began.

The final example concerns the network of
climatological stations managed by the National
Weather Service. There are about 13,000 such stations
across the United States that are operated by ’
cooperative observers. These largely unpaid citizens
take dally readings of maximum and minimim temperatures
and precipitation accumulation. One observer was a
lady in Massachusetts who had been recording
observations for over 25 years without missing a
day. One summer the people who compile the records,
noticed that her data were not compatible with other
data in the vicinity. After several weeks of invest-
igation, we learned that she had left for a vacation
at New York City and had taken her instruments with
her. She did not want to break her record and had
continued to take and send in her observations, but
she still gave her Massachusetts address.

All four examples illustrate the hazards in
using data provided by others withouf a thorough
understanding of the user requirements, instruments,
data processing and related "people-problems".

In the example of the cooperative observer, her data
may have been accurate, precise, and she certainly
The data just were not representative.
The bright, new pyranometers in labortory calibration
were precise. The long-term data accuracy however,
was poor when compared to a standard.

This brings me to the purpose of the five papers
assembled in this issue. Each of the above anecdotes
dillustrates a specific problem in translating data
needs to suitable sensing programs. 'This translation
is often confused and is frequently a failure. The
following five papers are-aimed at providing tools
to answer one question -- "How good are the data?"

Gill and Hexter propose a standard set of terms
for use by meteorologists and engineers. These, two
authors represent the dichotomy between engineer and
data user. Gerry Gill is well known for his wind
systems (Young, Co.), widely used in Micro-meteorology
(a study of small scale meteorological features with
horizontal dimensions of less than a kilometer or so).



Paul Hexter is a meteorologist with the National
Weather Service, who is concerned with how the data
are used. I wag pleased to learn that the differences
in opinion between engineer and user could be

resolved so well., Their paper establishes a common
terminology for discussing-the question -- "How

good are the data?"

Once we have agreed on the basic terminology,
Dave Beaubien considers the need for a set of accepted
and standard test procedures. These would be pro-
cedures to which manufactures could reference the
performance of their products and to which users
could reference their needs. He 1s well known in
the field of meteorological instrumentation for his
stand on this issue. His paper in this journal is
meant to carry the message to the electrical and
electronics engineers who are at the heart of all
instrumentation development.

The next three papers take the argument one
step further and propose means by which we can
carry out test programs and interpret the test
results. An underlying question is -+ "How do
data from a network of similar sensors compare
with each other?" This leads to the concept of
functional precision, as discussed by Walt Hoehne.

One of the more challenging developments in the
field of environmental sciences is the trend toward
large field experiments. Whole "chunks" of the
atmosphere are being treated as a "laboratory."

In the Barbados Oceanographic and Meteorological
Experiment (BOMEX), the "chunk" was 500km on a
side. Even reasonably controlled conditions are
_not possible in such experiments.
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One way to estimate a "true" value or to
intercompare data, particularly during large field
experiments, is to use a variety of sensing systems
from which data on the same parameters can be
derived. Josh Holland and Don Acheson are two of
those responsible for developing this technique
for BOMEX data analysis. They discuss thig pro-
cedure and the attendant problems in the fourth paper.

A second method of obtaining a "true" value
is to devise your own field reference. Most
laboratory standards do not operate in field
enviromments -~ most field instruments are not
designed to be standards. Max Hinzpeter discusses
the development of a reference radiosonde which
can be used to calibrate upper air measurements.
As an indication of the need for such a reference,
upper air temperature data from the world-wide
network show serious discontinuities at national
boundaries where different sondes are used.

Given the increased complexity and sophistication
of environmental sensing systems, and the need for
more data of greater accuracy; the question of
"how good are the data' will come back to haunt many
an engineer and scientist. The message of these
papers is that standard terminology, standard
test procedures and standard test analysis are
mandatory - and overdue - in the field of environ-
mental instrumentation.

James Giraytys
Technical Editor, AIR
IEEE Transactions on
Geoscience Electronics



SOME INSTRUMENTATION DEFINITIONS FOR USE BY
METEOROLOGISTS AND ENGINEERS

Gerald C. Gill
Professor of Meteorology
The University of Michigan
Ann Arbor, Michigan 48104

Paul L.

Abstract

To bridge the growing communications
gap between meteorologists and engineers,
a provisional list of definitions of terms
frequently used by both groups is presen-
ted. These definitions are divided into
four categories: A) Basic terminology (de-
finitions of terms such as sensor, trans-
ducer, instrument, and data acquisition
system). B) Terms relating primarily to
the sensor (definitions of terms such as
time constant, distance constant, damping
ratio, and hysteresis). C) Terms relating
primarily to the instrument (definitions
of terms such as sensitivity, resolution,
error, accuracy, and linearity). D) Terms
relating primarily to the measuring pro-
cess (definitions and discussions of terms
such as precision, reliability, and repre-
sentativeness) .

The authors hope this selected set of
definitions will not only be of immediate
use as a step towards a standard termino-
logy but also will form the basis for a
more comprehensive Glossary of Meteorolo-
gical Instrumentation Terms.

Introduction

Meteorologists and engineers often
have difficulty communicating clearly with
one another concerning common problems of
meteorological measurements. There is a
need for common definitions of such terms
as sensitivity, accuracy, reliability,
etc. Some of the uses for such defini-
tions are:

a) To enable the data user (meteorolo-

gist), the instrument designer, and

the field engineer to understand

each other.

b) To provide common terminology for

-use by equipment designers and man-

ufacturers in specifying instrument

characteristics, thus permitting
direct comparisons of competing
instrument systems.

c) To clarify statements on equipment

requirements, standards, and defi-

ciencies.

Hanuscript recelved Sept. 10, 1972

Hexter
Data Acquisition Division
National Weather Service, NOAA
Silver Spring, Maryland 20910
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We have used, for the most part, terms
previously defined by individuals and
grbups concerned with these problems and
have drawn freely from these works (see
references). Of course, these definitions
often did not agree, and so we have selec-
ted what we considered to be the better
definitions in such cases. In general,
the basic terms are commonly found in the
literature. We suggest that the meteoro-
logical community consider these defini-
tions for general usage. The definitions
have been reviewed and endorsed by most
members of the Committee on Atmospheric
Measurements (CAM) of the AMS. The.
authors feel that there is a very real
and urgent need for uniformity of usage
and are aware of current work on gstandar-
dization of terms by such groups as the
Working Group on Accuracy of Measurement
which reports to the WMO Commission for
Instruments and Methods of Observations
(CIMO) ; Data Seminars of the WMO; Inter-
Range Instrumentation Group-Meteorologi-
cal Working Group; Instrument Society of
America, and others. It is hoped that a
glossary of instrument terms acceptable
to the meteorological community will be
prepared. As a preliminary step toward
this goal, the authors have prepared the
following provisional list of definitions.
We hope that these definitions will be
utilized by members of the meteorological
community in scientific papers and in
instrument specifications.

Definition of Terms

Basic Terminology

1. The term sensor rerers to the
specific sensing efements of an instru-
ment which are designed to react to
changes in the environment, e.g., the
resistance wire in a resistance ther-
mometer; the cupwheel of an anemometer;
the thermistor, hygristor, and aneroid
of a radiosonde.

2. The term transducer refers to a
device for converting energy from one
form to another form. In the case of
meteorological instruments, it usually
refers to the device used to convert
the mechanical motion or mechanical
position of the sensor to an electrical



signal for remote indication, e.g.,
the tachometer generator, or photo
chopper circuit of a cup anemometer;
the potentiometer, or selsyn motor jn
a wind vane transmitter; or the linéar
differential transformer of a remote
indicating aneroid barometer.

- 3. The term instrument is used to
describe sensors; associated mechani-~
cal and/or electronic linkages. (e. ge,
transducers); and the data readout or
recording device. Illustrations would
be the resistance thermometer, which
includes the temperature sensitive re-
sistance wire, the wire lead-ins, auto-
matic bridge system, and panel meter
or recorder; and the anemometer which
includes the cupwheel or propeller,
the mechan1ca1 to electrical trans-
ducer; and the.readout indicator or
recorder.

4. The term data processor refers to
an accessory piece of equipment that
accepts the output of several sensors
(or transducers) and conditions the
signals so that all may be recorded
on the same recorder or readied for
transmission for real time operational
use. (The data are processed in real
time, either as one or more channels
of analog data and/or one or more
channels of sequentially sampled digi-
tal or analog data from each of the
several sensor inputs. Conditioning
of the input signals may take the form
of amplification, linearization, to-
talizing counts, off-setting the zero,
etc.)

5. The data acquisition system con-
sists ‘of sensor(s), transducer(s),
data processor(s), and a recording .
and/or data transmission device. Ex-
amples are the radiotheodolite, the
weather radar, and the automatic mete-~
orological observing station. The term
is distinguished from instrument in
that it refers to complex eguipments,
such as given in the examples, rather
than simpler equipments such as the
mercury-in-glass thermometer, aneroid
barometer, or tipping bucket rainguage.
A data acquisition system will include
instruments, as for example the auto-
matic meteorological observing station
includes the tipping bucket rainguage
and a three-cup anemometer; and the
radiotheodolite system includes the
radiosonde with its sensors, and the
ground rece1v1ng and processing equip-~
ment.

6. A measuring process (method of

measurement) is defined by specifying
the apparatus and auxiliary equipment
to be used, the operations to be per-

84

formed, the sequence in which they are
to be executed, and the conditions
under which they are to be carxpied out.

‘Terms kelating,?rimarily to the Sensor

7. The term "time constant" is used
to ‘describe the response time of a
temperature sensor whose rate of change
of reading is directly proportional to
the instantaneous temperature differ-
enge: see Fig. 1. The time constant
is the period that is require or the
temperature sensor to respond to 63.2
per cent (1 - 1/e) of the step-wise
change in temperature. The time con-
stant is usually expressed in seconds
(or minutes). (The term "time constant"
is equally applicable to sensors of
humidity, pressure, wind speed, etc.,
as it is to temperature sensors. The
time constant of a sensor is nsually
dependent on several factors of the
environment in which the sensor is
exposed, for instance: the fluid in
which it is exposed, air or water; the
density of the fluid, air at 1000 mb.,
or air at 100 mb.; the flow rate of
the fluid, still air, or air at 20’
knots; etc. Accordingly, when speci-
fying the time constant of a sensor,
one should specify the geheral con-
ditions of the environment that di-
rectly affect the measurement.)

8. The distance constant of a sensor
is the length of fluid flow past the
sensor required to cause it to respond

‘to 63.2 per. cent of the step-function

change in speed. It is measured in
feet (or meters). For some sensors
the term distance constant is more
appropriate than the term "time con-
gtant.” For instance, when a‘three-
cup anemometer is suddenly transferred
from quiet air into a wind of 10 ft/
sec, the time constant might be 3.0
seconds, but if the same instrument
were transferred from quiet air into

a wind speed of 20 ft/sec, the time
constant would be only 1.5 seconds.

In each case, the same amount of air
(3.0 sec x 10 ft/sec = 30 ft; 1.5 sec
x 20 ft/sec = 30) will have passed for
the sensor to respond to 63.2 per cent
of the speed change. Thus, the term
"distance constant" is more appropri-
ate for such a sensor. This is like-
wise true for propeller anemometers
and propeller~type flow meters.

(In determining the time constant
of a cup anemometer by obtaining an
acceleration curve similar to Fig. 1,
8o corresponds to the cup wheel being
held from turning; 8, corresponds to
the steady wind tunnel speed; and t= 0
corresponds to the instant of release of



the cup wheel. Due to abnormal turbu-
lence in the wake of a stalled cup
wheel (or a propeller) it is best to
use only the upper 50 to 60% of the
acceleration curve for analysis pur-
poses.) ’

9, In the case of temperature sensors
and wind speed sensors, the sensor has
a "first-order response” as shown in’
Fig. 1. 1In these cases, where there
has been a sudden change of the mea-
sured variable from 6, to, 64, the
Sensor never 6@ershoqts the new steady
state condition 8. This is not the
case when a wind vane is subjected ‘to
a sudden shift in direction. Thé,#e-
sponse of a typical wind vane to an in-
stantaneous change in direction of 15°
.might be as shown in Fig. 2. The vane
overshoots the final value, executing
a damped simple harmonic motion from 2
to 10 oscillations before it reaches
the steady state, depending on the
"damping ratio" of the vane. The
damping ratio of a sensor is the ratio

actual damping coefficient
critical damping coefficient

in the second order differential equa-
tion that specifies the response of
the sensor.

The period cf the damped oscilla-
tion as shown in Fig. 2 is called the
damped period (equal to 2.0 sec in
this case); and the corresponding a-
mount of air that passes for one com-
Plete damped oscillation is called
the damped natural wave length (equal
to 60 ft. in this case; 2 sec x 30 ft/
sec) .

10. In order to use a characteristic
distance for a wind vane which is ana-
logous to a distance constant for a
wind speed sensor, MacCready and Jex
(1964) defined the delay distance as
the length of air (in feet or meters)
that passed a wind vane for the vane
to respond to 50% of a sudden angular
change in wind direction. From Fig. 2
the delay distance of the vane would
be approximately 10 ft (0.33 sec times
30 ft/sec). (For a much fuller expla-
nation of these terms and their use

in fluctuating winds, the readers are
referred to MacCready and Jex (1964),
MacCready (1970), Gill (1967), and
Moses (1968). (For routine use, wind
vanes should have a damping ratio, h >
0.2; and for diffusion and turbulence
studies where the standard deviation
of azimuth angle is used, h > 0.35).

11. The term dead band (or back lash)
refers to the range through which an

&5

. response (see Fig. 3b}.

' signals (see Fig.

input may be varied without initiating
Dead band is
usually expressed in per cent of full-
scale range..

12. Sensors may exhibit a phenomenon
known as Hysteresis has

hysteresis.
been defined as the maximum difference

‘in output for any given ihput value

(within the specified range) when -the
value is approached first with increa-
sing, and then with decreasing input
3a). By this usage
both the dead band error and hyster-
etic error are combined into one
error. (The hysteretic error is
caused by energy absorption in the
elements of the measuring instrument.
This error is significant in some ane-
roid barometers and in radiosonde hu-
midity elements.) Hysteresis is usu-
ally expressed in per cent of full-
scale range.

Terms Relating Primarily to the Instrument

and the Measuring Process

13. The resolution of an instrument
may be defined as the smallest change
in the environment that causes a de-
tectable change in the indication of -
the instrument.. (Example: For a re-
cording resistance thermometer having
a span of 100C with a 1000-turn slide
wire, the resolution of a new and pro-
perly adjusted instrument might be

+ 0.1C, corresponding to one turn of
the slide wire. But the resolution
might be as low as +1.0C if the sli-

.ding contact were badly worn or the

servo amplifier poorly adjusted.)

14. The error of an instrument is the
algebraic difference between the indi-
cation and the true value of the mea-
sured signal. It is the gquantity
which algebraically subtracted from
the indication gives the true value.
(Error = indication - true value.)

15. The accuracy of an instrument
(after application of its calihration
curve) is the degree with which the
instrument will measure the variable
in terms of an accepted standard value
or true value. (The term accuracy is

‘usually measured in terms of inaccura-

cy but expressed as accuracy. Thus
the accuracy of the resistance ther-
mometer referenced above might be ex-
pressed as +0.5C in range 0 to 50C and
+0.8C in range 50C to 100C.)

When defining the performance spe-
cifications of a device under active
operating conditions, SAMA (Scientific
Apparatus Manufacturers Association),
1970, uses the term reference accuracy.




They define reference accuracy as "a
number or quantity which defines the
-limit that errors will not exceed when
the device is used under 'reference
‘operating conditions.' Reference.
accuracy includes the combined 'con-
‘formity, hysteresis and repeatability'
errors" (see Fig. 4). . Thus the vari-

ous dynamic. and static errors are com~

bined into one reference accuracy for
a particular-set of operating condi-

tions. ..Example: the 'reference accur- '

acy' (of the previously referred to
resistance thermometer) might be +0.5C
for range 0C to 50C and + 0.8C for
range 50C to 100C for input frequen-

- cies. up to 0.001 Hz; +2C over range 0C
to 100C if the input frequency was 0.01
Hz with an amplitude of +5C.

) It is recommended.that for perfor-

mance specifications "accuracy" be
assumed to. mean "reference accuracy"
unless otherwise stated.

16, The “term sensitivity refers to.
the ratio of the full-scale output of
the device to the full-scale input
value. (It is thus quite different
from the term resolution, and the two
terms should not be used interchange-
-ably.)  (Examples: 1) The sensitivity
of the recording thermometer might be
10 inches pen movement per 100 C tem-
perature change; 2) The sensitivity of
a digital indicating aneroid might be
2000 scale units per 200 mb pressure
change, adjustable over range 600 to
1100 mb.) ‘ .

17. The term speed of response of an ’
instrument is variously applied.. Often
it' indicates the time required for the
‘indicator or recorder to follow 90% of
"a’sudden full-scale change in the mea-
sured variable; sometimes 99% of full-
Scale. Sometimes the term indicates
‘the time.that elapses from the appli-
cdtion of a sudden step-wise change
until the recorder reading is steady.
Thus, the term must always be defined,
e.g., 90% response in 2.sec. .-We sug-
gest that the use of this term be dis-
couraged.

18. In the calibration of an instru-
ment the indications of the instrument
are Wsually plotted against known val-’
ues of the measured variable- for a i
number of points over the range of the
instrument. Since these points gener-
ally do not yield exactly a straight
line, instrument manufacturers usually
draw a."best fit" straight line through
“the calibration points and ‘specify
linearity as the maximum deviation of
any points from this straight line.

The linearity, often expressed as a

percentage, refers to the pergentage
of full-scale deflection rather than
percentage of the indication. (Exam-
ple: For the recording resistance
thermometer, the linearity might be
expressed as +0.5%. This would indi-
cate a deviation of +0.5C from true

. value over the complete range 0C to
©100C.)

~19. The reporting increment is the
smallest unit of measurement to be
used in each reading of the instrument..
The reporting increment should always
be greater than the resolution of the

. instrument. To return to the example
of the resistance wire thermometer,
the meteorologist may say he desires
.read-out to .the nearest whole degree
Celcius. The reporting increment is
then 1C. -

20. The repeatability of an instru-
ment is the closeness of agreement
among a number of consecutive measure-
ments of the output for the same value
-of the input under the same operating
‘conditions, approaching from the same
direction. (It is usually measured

as "nonrepeatability" but expressed

as "repeatability,"” in per cent of -
span. It does not include hysteresis.)

21. The reliability (Norton 1969) of
an instrument is a measure of the pro-
bability that the instrument will con-
tinue to perform within specified
limits of error for, a specified length
of time under specified conditions.
(For a discussion of some of the prac-
tical problems relating to data relia-
bility, readers are referred to IRIG
Document $#110-70). (Meteorological Data
Accuracies Committee, MWG, IRIG, 1970)

Summagx

The authors have submitted definitions
of selected terms for use by meteorolo-
gists and engineers, to clarify the thin-
king of both groups and to bridge a grow-

‘'ing communications gap that has been de-

veloping as instruments and instrument
needs have become more sophisticated. We
are cognizant of the incompleteness of
these definitions, but hope the list will
be added to as.clear definitions become
available of other important meteorologi-
cal instrument properties. It would be
most helpful if a Glossary of Meteorologi-
cal -Instrument Terms were developed, some-
what along the Iines of Glossary of Mete-
orology, but probably not over 50 pages

in extent.

The authors are most grateful for the
constructive replies they received from
members of the Committee on Atmospheric
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Measurements of the AMS and associates of
each of us. The final selection of defi-
nitions is our own, and we accept the re-
sponsibility for the selection and the

definitions. We hope both meteorologists
and engineers will use these definitions.
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standing). (From SAMA Standard PMC 20-2
1970.)
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ON THE NEED FOR DEVELOPING METEOROLOGICAL TEST STANDARDSI' 2

DAVID J. BEAUBIEN
EG&G, INC.
Bedford, Massachusetts 01730.

Abstract- This paper outlines an American .
Meteorological Society-sponsored approach for
developing a system of standard test procedures
for the basic meteorological instruments. The
approach involves establishing a number of work-
ing groups, under the direction of a suitable
committee, composed of members from both
industry and the profession. The approach is
parallel to similar approaches successfully taken
by other professional societies faced with similar
problems.

I. INTRODUCTION

The need for standards for meteorological
instrument manufacturers has been a frequent
topic during the past decade, as the quantity and
sophistication of meteorological instrumentation
have increased. Users and manufacturers alike
have asked for a policing function by a non-parti-
san organization to minimize the occasional but
increasing number of disputes over claims of
instrument performance, and to act as an inter-
pretive aid to the purchaser of environmental
monitoring equipment, Whether the problem has
reached a sutficient magnitude to warrant the
development of a solution at this time might be
argued, for it can be shown that the necessary
solution is a major undertaking for the profession.
Developing and implementing a successful stand-
ards program for a profession even as small as
our own requires the expenditure of many man-
hours of effort over a long period of time. How-
ever, the need for generally-accepted equipment
standards is likely to increase, at least within
the United States, as new environmental pollution
legislation is enacted. In many instances, the
new statutes will require measurement of meteoro-
logical variables by the industrial polluter, using
unspecified instrumentation. It would seem that
we as meteorologists have the responsibility for
structuring a method by which some of the present
problems regarding a uniform instrumentation

1Paper presented at the AMS Second Symposium
on Meteorological Observations and Instrumen-
tation, San Diego, Calif,, 27-30 March 1972,

2Editor's Note: Because of its interest to devel-
opers as well as users, this paper will be pub-
lished in the November 1972 issue of the

Bulletin of the American Meteorological Society.

Manuscript received Aug. 11, 1972 90

language can be minimized.

The concern over the lack of "standards" first
began to surface several years ago. Poncelot
(1959) suggested the "'standard equipment'' ap-
proach to rainguage testing. This approach
entails defining a standard instrument to which
all other instruments are compared., The
standard instrument concept is a valid solution.
to many of the basic problems of metrology.
However, it is not a general solution for applied
ingtruments, and its adoption limits the effective
testing of improved insztruments as they evolve,
Lamb .and Pharo (1966) proposed that the concept
of "standard tests' be a%opted by the profession.
Again in 1967, Beckman, then active on the AMS
Committee on Atmospheric Measurements, pub-
lished a survey paper on the problem in the
Bulletin of the American Meteorological Society,
recommending that responsibility for the effort

be given to the Committee onn Atmospheric

Measurements. In the past several years, as
more non-meteorologists have found it necessary
to measure the basic meteorological variables as
part of the overall environmental monitoring
problem, the need for stapdards has increased,
as evidenced by increased requests to the
American Meteorological Society for assistance.
Uniortunately, the need for more standardization
only surfaces when a problem develops, and this
is too late for corrective action to be taken,
Several times a year procurement officers find
themselves in dispute with vendors over perform-
ance of purchased equipment. More often than
not, the performance dispute is a result of in-
adequate specification of the performance cri-
teria, both by the purchaser and the vendor.

II. TYPES OF SOLUTIONS
AVAILABLE TO US

What is a standard? Unfortunately, the prob-
lem is viewed differently by the various user
groups within the profession. Webster says
simply: "a standard is that which is set up and
established by authority, custom or general
consent, as a model or example; criterion; test;
in general, a definite level, degree, material,
character, quality, or the like, viewed as that
which is proper and adequate for a given purpose, '
Twenty-three other definitions then follow! The
variability of the concept of a standard within the
profession can be seen from the use of the word




in the subjects covered in the session on
standards at the Second Symposium on Meteoro-~
logical Observations and Instrumentation in San
Diego, Calif,, March 1972,

The suggestions made in the past for a
standardization program for meteorological
instrumentation have, for the most part,
stemmed directly from the procurement problems.
Equipment users have asked for an "AMS-Seal of
Approval" program for the meteorological equip-
ment manufacturers, in the hopes that this would
guarantee the purchaser that the equipment was
"ag advertised. " The American Meteorological
Society can not perform this function, nor would
such a function serve to correct the basic
problem without acceptable criteria being first
developed. From time to time it has been sug-
gested that the National Bureau of Standards
assume the responsibility for establishing mete-
orological standards for manufacturers. Again,
this is not within the charter of the NBS and even
if it were, budgetary restrictions at NBS would
probably preclude their undertaking such an
enormous task, particularly when one considers
that professions would likely conie to the NBS for
similar assigtance, once a precedent was
established. '

The problem we are facing is not a new one;
it has been faced by other professions with
similar responsibilities to its members and
society, We can, therefore, look to them for |
guidelines in developing a solution. A variety of
avenues are available to us, including turning
over the entire standards development problem
for meteorological instrumentation to a sister
organization specializing in instrumentation,
such as the Instrument Society of America or
the Scientific Apparatus Makers Association.

. Another approach would be to engage the services
of the American National Standards Institute
(ANSI), an organization which specializes in the
establishment of standards. Lastly, we can
undertake the task within our own society,
Regardless of the approach taken for developing
a solution to the problem, the single most im-
portant criterion for success in generating a
working standard ig structuring the approach
taken in such a manner that the resulting
standard will be fully acceptable to the using
group when it is completed. Many organizations
have spent countless man-hours in committee
meetings developing standards to find that, upon
completion of the task, tsually after a period of
several years, the result is not generally
adopted within the profession.
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A, What is needed - The concept of a standard
test procedure

Ideally what is needed is a set of rules by
which both the manufacturer and the purchaser
agree to live by, which results in the equipment
performing the way the purchaser thinks it ought
to, to solve his problem! One cannot hope to
achieve such a euphoric solution. The best so-
lution one can hope for is the establishment of
Standard Test Procedures to which manufacturers
and users alike reference the performance
characteristics of the equipment under consider-
ation. The basic purpose of the Standard Test
Procedure is to specify uniform methods of
measuring performance characteristics of equip-
ment. Numerous models for such standards can
be found in many of the other profeasions.
Standards for testing electronic components and
systems such as microphones, amplifiers, etc.,
have been developed and maintained by the
Institute for Electrical and Electronic Engineers,
These standards are widely used and universally
accepted within these engineering professions.
‘However, no comparable universally accepted

-~ Standard Test Procedures are employed within
. the meteorological community for performance

testing even of the simplest ingstruments such as
thermometers, hygrometers, anemometers,
barometers, etc. This is not to imply that such
test procedures do not exist! In fact, each
military agency and most of the civil agencies
concerned with meteorological instruments have
their own test procedures for the particular
equipment types they purchase. However, there
are no universally accepted Standard Test Pro-
cedures available to and endorsed by the overall
profession for the majority of basic instruments
we use,

The methods for developing Standard Test
Procedures vary considerably depending on the
nature of the problem, the complexity of equip-
ment, the structure of the society responsible
for the task, and many other variables.
However, the following general guidelines for
developing such standards usually prevail:

a) The manufacturers and the user groups
within a particular geographical area, in this
case the United States, must mutually ggree that
such standard test procedures are needed. This
agreement is usually reached by polling the
members of societies that use the equipment.

b) Assuming that there is agreement on the
need for a particular standard, users and



manufacturers must agree on which society will
have*the responsibility for developing Standard
Test Procedures, )

c¢) The selected society then examines its
committee structure and selects or creates a
committee to have the overall responsibility for
developing the procedures. . The rules governing
the funciion of this committee must be such that
a continuity of membership prevails with suf-
ficient overlap in active terms so as to provide
continuity of interest and effective performance
over a long period, sometimes as long as ten
years. An initial task for the general committee
is to establish a glossary of terminology for use
by all subcommittees and to establish a fermat
for the Standard Test Procedures. (Work
towards a uniform glossary has been in process
for some time, the most recent contribution
being that of Gill and Hexter (1972). 4

d) Once the general committee is established,
subcommittées are created to study, evaluate
and recommend a common test procedure for
equipment types for use within the profession.
Usually, one subcommittee consists of from four
to ten people focusing on.only one or two equip-
ment types. Seldom must new test procedures
be developed; the usual course the subcommittee
follows is to select and adapt some existing
standard to the new format,

¢é) The subcommittees meet as often as
possible - usually four to six times a year - over
a period of several years, before a suitable
Standard Test<Procedure evolves. The work is
eplit up among the members as a function of the
capabilities and talents represented on the
committee,

f) Lastly, as the individual Standard Test
Procedures are completed, they are made avail-
able to all of the manufacturers and user groups
for implementation, #he most critical step in the
process. -

B. Existmgaétivities on the standards problem

At the presgent time, both the American
Meteorological Society and the World Meteoro-
logical Organization sponsor .committees which
are actively engaged in matters affecting mete-
orological instrumentation. These committees
are the Committee on Atmospheric Measure-
ments (CAM) and the Commission for Instru-
ments and Methods of Observation (CIMO),
respectively. Joint membership on these
committees by a few individuals ensures cross
fertilization of ideas and policies, These
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committees were created as sounding boards for
their respective societies on matters having to
do with meteorological instrumentation. The
scope of activities of these committees is sub-
stantial, The activities of CIMO are particularly
wide ranging and include working groups in the
fields of meteorological radar, automatic weather
stations, meteorological rocketry, upper air
sounding systems, satellite measurements, etc.
The nature of the World Meteorological Organi-
zation is such that the efforts of the working
groups are primarily directed towards solving
instrumentation problems that are international
in scope. These working groups are burdened
with the development of international standards
of measurement and establishing priorities for
development of new measurement systems,

The American Meteorological Society's
Committee on Atmospheric Measurements tends
to focus its activities on atmospheric measure-
ment problems within the United States, with

_close cooperation with Canadian interests,

Although both committees fully recognize the
need for additional instrumentation standards
within the profession, progress towards develop-
ment of "working standards'' such as standard
test procedures has been negligible. A basic
problem both committees face is thg infrequency
of meetings and the lack of any full time activity
between meetings. Funds for supporting such
activity are simply not available from organiza-
tions' coffers. However, if the problem of instru-
mentation standards is to be solved, time and
money will be required. The necessary invest-
ment would appear to be minor in light of the
savings to be gained by the profession. In fact,
if patterns of standard test procedure imple-
mentation in other societies are representative,
the sale of test procedure documents themselves
by the sponsoring society is a source of signifi-
cant income to the sponsor,

DEVELOPING UNIVERSALLY
ACCEPTED STANDARD TEST
PROCEDURES

IIL.

It is worthwhile to review the process for
developing standard test procedures in some
detail following guidelines described previously.

A. The polling process

In the United States, the most widely read
meteorological periodical is the Bulletin of the
American Meteorological Society. This medium
provides a means for soliciting the attitude and
recommendations of the profession regarding the
necessity for the standards program, A simple




questionnaire ingserted with the regular monthly
mailing of the Bulletin would serve to ascertain
whether our profession is ready for a full-
fledged standgrds program. Alternately, a
letter questionnaire directly to the membership
can be designed so as to provide both an indi-
cation of the need and an assessment of the in-
gredients of the standards. Questions identifying
which equipment areas need the earliest attention,
the extent and type of test required, etc., should
have early exposure to the profession in order to
provide feedback to guide the committee in its
work, The polling process must be considered
an essential and on-going process’ of the
standards effort.

B.

Selecting the responsible society

We have a natural tendency to selfishly agssume
that our own American Meteorological Society is
best qualified to undertake the task of developing
a standards program. This, in fact, may not be
the correct course for us to pursue, in view of
‘the fact that we have never engaged in such
activity in the past, and that only a small per-
centage of our membership is engaged in instru-
mentation, Several of our sister societies, on
the other hand, have elaborate committee
structures and have successfully demonstrated
their ability to develop and implement such
programs. Therefore, an additional objective of
the polling process should be the solicitation of
opinions as to which society should be given the
responsibility.

C. Committee structuring

The committee charged with developing
standards must be a working committee, It is
not unusual for such committees, if they are
successful, to meet six times'a year in strenuous
12- to 14-hour sessions, taking home another
week's work at the conclusion. Unfortunately,
few qualified people can afford to donate this
amount of effort to the cause, A second problem
in committee structuring relates to balanced
participation, Committees must be composed of
representatives of each sector of our profgssion,
Committee membership representing both in-
dustrial and scientific users, and from manu-
facturers themselves, must be carefully balanced,
lest the resulting standard be weighed in favor of
one or the other's interest. A method for stimu-
lating such a committee would seem to fall under
the responsibility of the Committee on
Atmospheric Measurements,
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D. Implementing standard test procedures

Upon completion of the standard test pro-
cedures by the subcommittees, the critical task
of implementation is faced. If the tests are not
successfully implemented the entire effort has
been in vain. If general acceptance of the
standards is to be achieved, implementation must
start with the manufacturer. By involving the
manufacturer as well as the user in the com-
mittee process, the manufacturer should find the
standard in which he himself participated, to be
acceptable, The manufacturer must then take
the initiative in utilizing the standard test criteria
in defining the performance of his prdducts. One
role that the AMS can play at this juncture is to
encourage all Bulletin advertisers to include
performance criteria in their advertising, in
accordance with the language of the applicable
standard. The manufacturer's advertising
literature must contain specific reference to the
standard test procedure rather than broad gener-
alizations as to performance. Phraseology such
as ""Model XYZ when tested in accordance with
AMS Standard Test Procedure performed as
follows:' must become the accepted method of
presenting specifications on data sheets.. Once
this stage of standard development is reached,
the user will find it to his advantage to specify
his equipment performance requirefnents in
terms of or with reference to the Standard Test
Procedure. The implementation of the procedure
effectively adds considerable meaningful technical
detail to the specification, without requiring the
user to become an expert on the particular equip-
ment type. Its use aids the manufacturer in T
defining his product, while at the same time in-
suring to the purchaser that the equipment is
being described by a language which has been
universally accepted by other users,

IV. CONCLUDING REMARKS

The need for establishing "standards" within
the meteorological profession is increasing with
the timely enactment of environmental legislation.
Standard Test Procedures for use both by manu-
facturers and users are employed successfully by
many other industries as an effective means of
presenting equipment performance criteria and to
minimize fraud and simple misunderstanding in
the procurement process. The task of developing
and successfully implementing such standards is
known to be time consuming, typically taking
from five to ten years depending on the com-
plexity of the equipment involved. On the



assumption that the arguments presented in this
paper are supported by the general opinion of the
profession, it is recommended-that increased
attention'be given by.the existing committees )
" within the méteorological societies to developmg
- a structure by which Standard Test Procedures
can be brought into existence,
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STANDARDIZfNG FUNCTIONAL: TESTS

Walter E. Hoehne
Functlonal Experimentation & Test Branch
Natiomnal Okeanlc and Atmospheric Administration
National Weather Service’
Sterling, Virginia

Abstract-A standardized test for
evaluation of meteorological measuring
systems in the natural environment 1s
described. The test is de51gned to pro-
vide a quantitatlve statistical value
that will indicate the reliability of a
particular system output, This quantity
called funct1ona1 precision proV1des a
quantitative estimate of the difference
in readings that can be expected from
systems of identical design and construc-
tion when exposed to the same environ-
mental conditions. The mathematical defi-
nition of this parameter is described and
methods of ‘application are discussed. Two
specific examples are presented. A new
surface sensor for measuring wind gust is
compared with present observational prac-
tice and the functional precision determi-
nation for an upper air. soundlng system
is summarized.

Introduction

The adequacy of proposed new equip-
ment is determined for the National
Weather Service by the Systems Development
Office, Test and Evaluation Laboratory.

In addition to questions of accuracy and
general utility, one question that must be
answered is: 'What change will there be

in data provided to the user when a new
system is adopted?’” To answer this
question, comparison is made between the
output of the new system and the output

of a system already in use. The Functional
Experimentation and Test Branch has devel-
oped a program to standardize the evalua-
tion of differences in output from meteor-
ological instruments. Functional is used
here to indicate tests made with the equip-
ment being operated in the natural environ-
ment and not:under controlled laboratory
conditions,

The value of a particular measurement
for meteorological purposes has in most
cases not been objectively defined. Some
efforts are being made to make such defi-
nitions., For example, the WMO Commission
for Instruments and Methods of Observation
(CIMO0) has appointed a committee to define
temperature for meteorological purposes.
Physical measurements may be defined in
terms of physical phenomena (e.g., the
phase changes of water were chosen as two -
points on a temperature scale). Meteoro-
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logical measurements are not so clearly '
defined. A measurement for meteorological
purposes is associated with physical :
conditions, with a volume larger than the
volume-immediately in contact with the
sensor and an arbitrary time period.

Perlat and Petit?l, and Bragenskaia and
Kagan®,® have investigated the problems

of assoc18t1ng instantaneous point measure-
ment with a time and/or space domain,

Many investigators have addressed them-
selves to the accuracy of particular
instruments and laboratory methods for
determining accuracy. Recently Beckman?
proposed a means of setting up standards
for instrument parameter definitions and
for test procedures. Lamb and Pharo®

also proposed standardizing meteorological
instrument testing. 1In both cases, the
proposed tests are those to be conducted
in a laboratory with a controlled environ-
ment that.simulates the natural environ-
ment, The variability in reading due to
the natural variability of the atmosphere
can be considered only to the extent that
such varlablllty can be simulated.

-The Meteorological Working Group
(MWG) Inter-Range Instrumentation Group
(IRIG) compiled a set of accuracies for
metedrological equipment used on the
National Missile Ranges®. The MWG has
revised that document? and in it a new
concept 1is employed expressing
"reliability" of data rather than accuracy.
'"Reliability is defined as the best.avail-
able quantitative estimat'e of the quality
of the data for operational use.at the
test ranges., Where possible, and as noted
the term relisbility includes errors
resulting from human-and instrumental

‘sources. Where standards have been estab-

lished, reliability is a statement of .
accuracy. In general, however, the values
of rellablllty are statements of data

‘precision to be expected from well main-

tained equipment, operated by competent
individuals according to a well defined
procedure.'" The program described here
is an attemp: to standardize one test for
reliability of meteorologlcal data.

In the past when a new ‘sénsor systgm
was developed, its data reliability was
evaluated by comparing it with an ex13t1ng
system. Output differences. between the.two
systems were tabulated and analyzed -
statisticdlly to produce mean difference,



