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Wed. 9:05 a.m. Keynote Address 
Wed. 9:35 a.m. Fundamental Problems 
Wed. 1:15 p.m. Weather Forecasting Techniques 
Thur. 8:30 a.m. Problems at the Lower Boundary 
Thur. 1:15 p.m. Localized Analysis and Prediction Problems 
Thur. 7:30 p.m. Banquet 
Fri. 8:30 a.m. Numerical Prediction—General 
Fri. 1.15 p.m. Fusion of Satellite Data 

All sessions for the Th i rd Conference on Weather Analysis and Forecasting will be 
held in the Cavalier Hotel, 42nd Street and Atlantic Avenue, Virginia Beach, Va. 
T h e local host of the Conference is the Hampton Roads Chapter of the American 
Meteorological Society. 
Guest rooms have been reserved, at post season rates, in the Cavalier Hotel. Rates for 
the European Plan (room without meals) are $18.00 to $22.00 per day for Doubles/Twins 
($9.00 to $11.00 per person) and $12.00 to $15.00 per day for Singles (limited number 
of singles). Rates for the Modified American Plan (room with breakfast and dinner— 
including $5.00 towards the banquet) are $32.00 to $36.00 per day for Doubles/Twins 
($16.00 to $18.00 per person) and $19.00 to $22.00 per day for Singles. Parking 
facilities are available near the hotel (the hotel will not be responsible for personal 
belongings left in unlocked cars). Requests for room reservations should be sent 
directly to the Cavalier Hotel, 42nd Street and Atlantic Avenue, Virginia Beach, Va., 
area code 703-428-6611, teletype 428-8292. T o ensure accommodations at this rate be 
sure to mention that you are at tending the AMS Thi rd Conference on Weather Analysis 
and Forecasting. 
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Registration 

Activities 

Transportation 

T h e registration fee will be $2.00 for students, $5.00 for local chapter members, SI0.00 
for National AMS members, and $15.00 for nonmembers. 

T h e conference registration and information desk will be located in the lobby of 
the Cavalier Hotel. 
If you have any free time during the conference the recreation facilities at the Cavalier 
include pitch 'n put t course, archery range, bicycles, tennis courts, golf arrangements with 
the Cavalier Golf and Yacht Club, surf swimming, indoor and outdoor swimming, and 
the game room facilities. There is dancing nightly at the Cavalier Beach and Cabana 
Club. Sight-seeing tours are regularly scheduled. 

A banquet will be held on Thursday evening at 7:30 p.m. Price will be S6.00 per 
person. A social and cocktail hour will precede the banquet, beginning at 6:30 p.m. 
Norfolk Municipal Airport is serviced by United, National, Allegheny and Piedmont 
Airlines. Limousine fare from the airport to the Cavalier Hotel in Virginia Beach 
is $2.75. 

By car from the North—U.S. 17 to 301 8c 258 or 44 (toll road). From Wash., D. C., 
Interstate 95 to Richmond, Va., Interstate 64, 60 or 44 (25^ toll road) to Virginia Beach. 

PROGRAM 

Wednesday Morning, 
Sept. 3,9:00 a.m. 

Welcoming Remarks 

Chairman, Hampton Roads AMS Chapter 

Wednesday Morning, Keynote Address 
Sept. 3,9:05 a.m. Dr. George P. Cressman, Director, ESSA-Weather Bureau, Silver Spring, Md. 

Wednesday Morning, Session 1: Fundamental Problems 

Sept. 3, Chairman: Capt. W. L. Somervell, Tr., USN, Officer in Charge, Navy Weather Research 
9:35 a.m.-12:15 p.m. ^ XT f Facility, Norfolk, Va. 

What's happening to the forecasting industryf D. P. Mclntyre. Meteorological Service 
of Canada, Toronto, Canada. (30 min) 
Some thoughts on the relation of observing networks and observing tools to forecasting 
services. K. R. Johannessen, Weather Bureau, ESSA, Silver Spring. Md. (30 min) 
Statistical-dynamical predictions. T . A. Gleeson, Department of Meteorology, Florida 
State University, Tallahassee, Fla. (30 min) 
Systematic errors in NMC operational baroclinic prognoses. E. B. Fawcett, National 
Meteorological Center, Weather Bureau, ESSA, Suitland, Md. (15 min) 

Wednesday Afternoon, Session 2: Weather Forecasting Techniques 

Sept. 3, Chairman: Prof. Walter Saucier, Department of Geosciences. North Carolina State 
1:15 p.m.-5.00 p.m. . University, Raleigh, N. C. 
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The applied research program of the Techniques Development Laboratory. W. H. 
Klein, Techniques Development Laboratory, Weather Bureau, ESSA, Silver Spring, Md. 
(30 min) 
Some problems in the short range forecast period. H. K. Saylor, National Meteorological 
Center, Weather Bureau, ESSA, Suitland, Md. (20 min) 
Timely methods of updating centrally prepared forecasts by field forecast units. K. W. 
Veigas, Institute for Storm Research, University of St. Thomas, Houston, Tex. (20 min) 
A statistical model for surface wind forecasting. D. L. Bjorem, Air Resources Labora-
tories-Field Research Office, ESSA, Idaho Falls, Idaho (20 min) 
1000-mb height forecasts using upper air forecast and persistence predictors. F. Lewis, 
Techniques Development Laboratory, Weather Bureau, ESSA, Suitland, Md. (20 min) 
Use of NMC numerical predictors in local weather forecasting. J . A. Pruett and P. L. 
Moore, Weather Bureau, ESSA, Fort Worth, Tex. (20 min) 
A limited implementation of Lagrangian forecast techniques. Maj. D. C. Barnum. 
USAF, St. Louis University, St. Louis, Mo., and Capt. J. W. Diercks, USAF, Scott AFB. 111. 
(20 min) 

Session 3: Problems at the Lower Boundary 

Chairman: Prof. John C. Ludwick, Jr., Director of the Institute of Oceanography, Old 
Dominion University, Norfolk, Va. 
The importance of daily evapotranspiration as a warm season temperature control. 
J. O. Rhea, EG8cG, Inc., Boulder, Colo. (15 min) 
An air-sea interaction study relating to the calculation of heat and momentum fluxes 
in a marine atmosphere. A. Dahme and R. Pesaresi, SACLANT ASW Research Centre, 
NATO, New York, N. Y. (20 min) 
Relationships between integrated atmospheric moisture and surface iveather. H. R. 
Glahn and D. A. Lowry, Techniques Development Laboratory, Weather Bureau, ESSA, 
Silver Spring, Md. (15 min) 
Interaction of binary tropical cyclones of the western north Pacific Ocean. S. Brand, 
Navy Weather Research Facility, Norfolk, Va. (15 min) 
Numerical study of the daily variation in atmosphere and soil boundary layers. T . 
Sasamori, National Center for Atmospheric Research, Boulder, Colo. (20 min) 
A comparison of the equivalent potential temperature and the static energy. R. A. 
Madden and F. E. Robitaille, National Center for Atmospheric Research, Boulder, Colo. 
(15 min) 
A numerical experiment in ship routing climatology. F. W. Nagle, Navy Weather Re-
search Facility, Norfolk, Va. (15 min) 
FNWC automated ship routing system as an application of the analog forecasting 
technique. Cdr. G. D. Hamilton, Fleet Numerical Weather Central, Monterey, Calif., 
S. W. Selfridge, Mellonics Systems Development Division, Litton Systems, Inc., and 
W. E. Bleick, Department of Mathematics, Naval Postgraduate School, Monterey, Calif. 
(15 min) 
A forecast method for wind set-up on Lake Erie. W. S. Richardson and N. A. Pore, 
Techniques Development Laboratory, Weather Bureau, ESSA, Silver Spring, Md. 
(20 min) 

Thursday Morning, 
Sept. 4, 
8:30 a.m.-12:15 p.m. 
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Thursday Afternoon, 
Sept. 4, 
1:15 p.m.-5:00 p.m. 

Session 4: Localized Analysis and Prediction Problems 

Chairman: W. Boynton Beckwith, Director of Meteorology, United Air Lines, Chicago, 111. 
A statistical method for predicting summer-time convective storms over an orographic 
barrier. D. E. Lehrman, Fresno State College Foundation, Fresno. Calif. (15 min) 
Use of air mass analysis in forecasting. J . W. Lightfoot, Department of Meteorology, 
Texas A&M University, College Station, Tex. (30 min) 
The relationship of mountain waves and turbulence at jet levels. C. L. Chandler and 
C. Joseph Emmons, Delta Air Lines, Atlanta, Ga. (20 min) 
Thermal features in two kinds of CAT. J . E. Sorenson, United Air Lines, Chicago, 111. 
(15 min) 
An operational method for objectively forecasting probability of precipitation. D. A. 
Lowry and H. R. Glahn, Techniques Development Laboratory, Weather Bureau, ESSA, 
Silver Spring, Md. (20 min) 
The analysis of short duration rainfall frequency. I. Enger and D. A. Chisholm, T h e 
Travelers Research Corporation, Hartford, Conn. (15 min) 
Localized numerical predictions and the northeast snow problem. J. Spar, Department 
of Meteorology and Oceanography, New York University, University Heights, New 
York, N. Y. (20 min) 
The Tri-State Tornado of 18 March 1925. R. C. Miller, Col. USAF (Ret.), Military 
Weather Warning Center, Kansas City, Mo. 

Thursday Evening/ 

Sept. 4,8:00 p.m. 
Banquet 

Toastmaster: Dr. Earl C. Kindle, Director of Research, Navy Weather Research Facility, 
Norfolk, Va. 

Speaker: Hon. G. William Whitehurst, Congressman, 2nd District, Commonwealth of 
Virginia 

Friday Morning, 
Sept. 5, 
8:30 a.m.-12:15 p.m. 

Session 5: Numerical Prediction—General 

Chairman: Dr. K. R. Johannessen, Associate Director for Meteorological Operations, 
Weather Bureau, ESSA, Silver Spring, Md. 
Extended range analog forecast program at Fleet Numerical Weather Central. Capt. 
P. M. Wolff, USN, Fleet Numerical Weather Central, Monterey, Calif. (30 min) 
Operational numerical weather prediction. F. G. Shuman, National Meteorological 
Center, Weather Bureau, ESSA, Suitland, Md. (30 min) 
A "floating grid" numerical forecasting method: experiments with a global primitive 
equations model. F. Mesinger, Department of Meteorology, UCLA, Los Angeles, Calif. 
(20 min) 
Experiments in real data forecasting with the NCAR general circulation model. D. 
Baumhefner, National Center for Atmospheric Research, Boulder, Colo. (30 min) 
The development of a numerical frontal model based on local flow parameters. G. V. 
Rao, Meteorological Service of Canada, Toronto, Ontario, Canada. (20 min) 
On the development of primitive equation models for numerical weather prediction 
within limited geographical regions. J. P. Gerrity, Jr., and R. D. McPherson, National 
Meteorological Center, Weather Bureau, ESSA, Silver Spring, Md. (20 min) 
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Friday Afternoon, Session 6: Fusion of Satellite Data 

5 / r ™ C h a i r m a n : Col. G. E. R a t h , USAF, C o m m a n d e r , 5 W e a . W^. , AWS. Lane ley AFB, Va. 
1:15 p.m.-5:00 p.m. & b ; 

Computer cloud motion from ATS picture pairs. V. R . Tay lo r , N a t i o n a l E n v i r o n m e n t a l 
Satel l i te Cen te r , W e a t h e r Bureau , ESSA, W a s h i n g t o n , D. C. (20 min ) 
Operational processing of geostationary satellite data by computer. C. L. Bristor , Na-
t ional E n v i r o n m e n t a l Satel l i te Cen te r , W e a t h e r Bureau , ESSA, W a s h i n g t o n , D. C. 
(20 min ) 
Numerical analyses of the digital video data from weather satellites. M a j . D. B. Mil ler , 
USAF, E T A C Liaison to N E S C (20 min ) 
The interpretation of small scale cloud patterns in terms of sub-synoptic scale weather 
systems. P. J . Feteris, I n s t i t u t e for S torm Research, Univers i ty of St. T h o m a s . H o u s t o n , 
T e x . (15 m i n ) 
Some similarities between severe east coast winter storms and hurricanes. V. J . 
Oliver , N a t i o n a l E n v i r o n m e n t a l Satell i te Cen te r , W e a t h e r Bureau , ESSA, W a s h i n g t o n , 
D. C. (30 min ) 
Project video, an approach to the SINAP problem. Lcdr . W . N . Cot t re l l , USN, Fleet 
W e a t h e r Facility, W a s h i n g t o n , D. C. (25 min ) 
Meteorological satellite views of cloud growth associated with the development of 
secondary cyclones. W . E. Shenk, G o d d a r d Space F l igh t Center , Greenbe l t , Md . (15 m i n ) 

ABSTRACTS 

Fundamental problems 

What's happening to the 
forecasting industry? 
D. P. MclNTYRE 

Some thoughts on the 
relation of observing 
networks and observing 
tools to forecasting 
services 
K. R. JOHANNESSEN 

Statistical-dymmical 
predictions 
T. A. GLEESON 

A comparison is made between the mutual development of forecasting from a small single 
office operation to the modern prediction complex and the revolution comparable to the growth 
of the automobile industry from a one classed operation. T h e system now includes subsystems 
for such things as buying and collection of raw materials (data), processing and manufacturing, 
parts assembly, packaging and merchandising, to use the industrial terms. There are funda-
mental changes taking place in all of these areas. T h e effects of these changes on the overall 
system and what it would be possible to design are discussed together with applications for 
government and industry. 
Reports from networks of surface and upper air stations together with reports from aircraft in 
flight, radars, and weather satellites provide the basis for our present forecast services. T h e 
question of whether the forecast services and their observational base are tuned to each other 
will always be a vital one for a forecast organization. In some areas the observing tools may 
have progressed far beyond the use that is made of them in forecasting. This may be the 
case for meteorological satellites today. On the other hand, we may be providing forecasts 
for which the initial data base is entirely inadequate, for instance in forecasts for aviation 
terminals. A discussion of this subject is offered supported by new data on forecast performance 
as a function of space and time scale. 
By analogy with Gibb's statistical mechanics, a statistical-dynamical theory is described which 
can be applied to the problem of atmospheric predictions from synoptic charts. T h e m 
variables and constants whose measurement is needed to characterize an initial state are 
regarded as coordinates of an m-dimensional phase space. In this space, the probability 
density, \[/, of the ensemble of possible initial measurements is used to define the " t rue" 

lues of these quantities and to furnish probabilities of initial measurements lying within 
•escribed limits of true values. 
Dynamical equations provide standard deterministic predictions here, while a general 
intinuity equation for \p transforms initial probability distributions into final ones which, in 
irn, yield probability forecasts. This continuity equation is resolvable into component 
piations of probability diffusion for all coordinates of the phase space. 
It is found that predictability increases (decreases) with time if the atmosphere is divergent 
onvergent), is undergoing a net loss (gain) of energy, or there is an energy balance but the 
>ss (gain) is occurring predominantly at the lower temperatures. In general, divergence 
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(convergence) in real space implies convergence (divergence) in phase space. In the special 
case of an incompressible, conservative atmosphere, the continuity equation for reduces to 
Liouville's Theorem in statistical mechanics. 

In application to the real atmosphere, a linear, m-variate, normal distribution is assumed 
which satisfies the general continuity equation and component diffusion equations obtained 
previously by the author. These diffusion equations resemble the Fokker-Planck Equation for 
one dimensional stochastic processes. 

Quantitative results include limiting values of ordinary, conditional, and compound probabili-
ties for physical variables, as well as theoretical variances, covariances, and correlations of these 
variables, for initial and forecast times. 

Systematic errors in XMC 
operational baroclinic 
prognoses 
E. B. FAWCETT 

Mean monthly 500-mb error charts, valid at 1200 Z only, for four midseason months of 1964 
through 1968 are presented from 36-hour prognoses made using NMC's operational 3-level 
and primitive equation models. Systematic errors are found to persist in both models such 
that, in the mean, the amplitude of troughs and ridges is underforecast. Th i s tendency shows 
up in mean monthly and in daily error charts as positive errors in troughs and negative errors 
in ridges. Very large-scale errors (i.e., in waves one through five) occur in forecasts from both 
models. T h e causes of these very large-scale errors remains obscure. However, the causes 
of certain smaller-scale systematic errors have been diagnosed. In particular, the large 500-mb 
negative error over western Canada, ahead of the Gulf of Alaska trough, has been diagnosed 
as caused by deficiencies in amplitude of the terrain in the models over western Canada. Correc-
tive adjustments in the model mountains made in September 1968 have decreased errors over 
western Canada. Comparison of errors in the 3-level and later PE 500-mb prognoses indicates 
an improvement in skill has occurred over North America. 

Weather forecasting techniques 

The applied research 
program of the Techniques 
Development Laboratory 
W. H. KLEIN 

Some problems in the 
short range forecast 
period 
H. K. SAYLOR 

Timely methods of 
updating centrally 
prepared forecasts by 
field forecast units 
K. W. VEIGAS 

A statistical model for 
surface wind forecasting 
D. L. BJOREM 

T h e applied research program of the Techniques Development Laboratory is discussed. This 
program combines dynamical, statistical, and synoptic techniques in an effort to improve and 
automate operational weather forecasting. Principal accomplishments of the Laboratory dur ing 
the five years of its existence are summarized, and plans for future work are outlined. Weather 
elements for which forecast techniques are being developed include temperature, precipitation, 
humidity, wind, sea and swell, severe local storms, clear air turbulence, ceiling, and visibility. 
Weather Bureau forecast verifications have shown an improvement in forecasts for 24 and 36 
hours in the future. This improvement can be traced to the influence of dynamical prediction 
on the Weather Bureau forecast system. 

However, verification statistics for short-range forecasts (0-15 hours) have not shown an 
improving trend. 

T h e reasons for this state of affairs are: 
1. Dynamical prediction has as yet not significantly helped the forecaster in meso-scale motion 

and weather systems which are important to the short-range prediction problem. 
2. In spite of radar, the forecaster has no really useful tool for use in the accurate prediction 

of convective systems beyond simple extrapolation. 
3. T h e forecasters understanding of frontogenesis and frontolysis which operate on the time 

scale of hours is such that no technique other than simple extrapolation can be used in 
predicting the weather features associated with fronts. 

Synoptic examples will be shown illustrating the above points. 
At the time of delivery of centrally prepared forecast products subsequent observational infor-
mation is also available to the field forecaster. Sometimes the observational information indi-
cates that adjustments should be made to the forecasts, which were based on earlier data. 
Methods of making such adjustments in a timely manner in a field forecast office are presented. 
Particular attention is directed to adjusting the prediction of behavior of significant features 
of the surface circulation pattern. 
degression .Estimation of £ven Probabilities (REEP) is used to predict daytime winds in a 
mountainous area. T h e predictand consists of nine categories of observed wind vectors and 
the predictors are derived map types. Forecast skill was significantly superior to the subjective 
forecaster on second day (24 to 36 hour) forecasts. T h e primary superiority of the objective 
forecast was the ability to distinguish when winds would be orographically channeled in 
directions apparently contrary to the indicated 700-mb flow. 
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1000-mb height forecasts 
using upper air forecast 
and persistence predictors 
F. LEWIS 

Use of NMC numerical 
predictors in local weather 
forecasting 
J. A. PRUETT AND 

P. L. MOORE 

A limited implementation 
of Lagrangian forecast 
techniques 
D. C. BARNUM AND 

J. W. DIERCKS 

Regression equations have been developed to yield height forecasts of the 1000-mb surface for 
most of the western half of the Northern Hemisphere. The scheme is designed to use as input 
forecasts other pressure surfaces produced by dynamic models. T h e input to the regressions are 
the valid time heights of 850- and 700-mb surfaces and the heights 12 hours earlier of 1000-, 
850-, and 700-mb surfaces at and near each predictand grid point. 

The regressions have exhibited meteorologically meaningful patterns. These patterns and 
their seasonal variations are discussed and verification results are presented. 
Many products of the NMC six-layer primitive equation model are highlv useful in predicting 
specific weather elements. However, forecasters need 1) an indication of the best method of 
combining the predictors and 2) a regional calibration of the resulting relationships. This 
report describes the development of some relationships of this type. 

Using a Weather Bureau Southern Region sample of data for 1967-68. various characteristics 
of mean relative humidity, vertical velocity, and lifted index as derived by the NMC model 
have been analyzed. Mean Relative Humidity was found to be the strongest precipitation 
predictor, but the three variables are pointed out to be strongly interdependent. It is shown 
that the weather specifying ability of the parameters demonstrated for the initial analyses does 
not deteriorate seriously in the primitive equation prediction process for at least 24 hours. 

Scatter diagram type correlations of the predictors were developed to yield probability of 
precipitation and cloudiness considering diurnal, seasonal, and geographical effects within the 
Southern Region. Basically, precipitation events were defined in the study as measurable 
amounts in 6-hr periods, but adaptive forecast procedures are provided for trace amounts or 
greater and for 12-hr periods. A test of the relationships on independent June 1968 data 
indicated Brier scores competitive with official local forecasts. 

Probability-of-cloudiness specification from the PE predictors is shown to be useful in 
reducing errors inherent in Klein's temperature forecast equations, which consider predicted 
circulation and thermal fields and spot temperatures. Studies also are underway evaluating 
parameters produced by a three-dimensional trajectory technique, a PE model derivative. In 
preliminary results, computed 12-hr vertical displacement of parcels along the trajectory is 
shown to be promising as a precipitation predictor. 

Recently, Lagrangian forecast techniques have been introduced at a limited number of Air 
Weather Service forecast units. Trajectory data, including parcel origins, forecast temperature, 
and forecast dew point, are transmitted twice daily to each forecast unit. These data are a 
product of the Air Force Global Weather Central's Cloud-Forecast Model. The forecast 
trajectories are constructed backward in time from each location at 850, 700, and 500 mb for 
five forecast times out to 36 hours. T h e individual air parcels are followed through their 
three-dimensional paths, and temperature and moisture are modified according to adiabatic 
and pseudo-adiabatic considerations. 

Lagrangian techniques have been integrated subjectively and objectively into forecast pro-
cedures with encouraging results. Ceiling and visibility forecasts prepared with trajectory data 
have been verified against forecasts prepared without trajectory data. These results, model 
characteristics, and a case study will be presented. 

Problems at the lower boundary 

The importance of daily 
evapotranspiration as a 
warm season temperature 
control 
J. 0. RHEA 

Daily estimates of evapotranspiration dur ing the growing season were obtained by calculating 
the 12-hr mixing ratio change through the mixing layer of upper air soundings for three 
seasons of data. These estimates were obtained by calculating the 0000Z mean mixing ratio 
through the observed mixing layer and subtracting the mean mixing ratio in the same layer 
for the most representative earlier 1200Z upstream sounding. 

T h e quanti ty of latent heat of vaporization required to accomplish the amount of estimated 
evapotranspiration was then subtracted from the average net solar radiation representative of 
the date and latitude under study. Days selected for study were restricted to those with mostly 
clear sky conditions. 

Two maximum temperature 'predictions' were then made for each case by applying to the 
1200Z sounding 1) the total net solar radiation value and 2) the remainder of net radiation after 
subtracting the latent heat of vaporization. These 'predicted' maximum temperatures were 
then compared to the observed maximum at the appropriate downstream point (obtained by 
advecting the 1200Z sounding downstream). 
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An air-sea interaction 
study relating to the 
calculation of heat and 
momentum fluxes in a 
marine atmosphere 
A. DAHME AND 

R. PESARESI 

Relationships between 
integrated atmospheric 
moisture and surface 
weather 
H. R. GLAHN AND 

D. A. LOWRY 

Interaction of binary 
tropical cyclones of the 
western north Pacific 
Ocean 
S. BRAND 

Numerical study of the 
daily variation in 
atmosphere and soil 
boundary layers 
T. SASAMORI 

Average errors between 'predicted' and observed maximum temperatures by this method 
are discussed and it is concluded that daily evapotranspiration dur ing the warm season is a 
very important maximum temperature control. T h e moisture budget through the mixing 
layer can be increased by as much as 25% in one day by evapotranspiration from a wet, well 
vegetated region. 

Implications for the incorporation of empirical estimates of daily evapotranspiration into a 
temperature and thunderstorm-forecasting refinement scheme are discussed. 
Forecasting techniques must be developed which will provide a means of predicting the thermal 
structure in the top layer of the ocean. Changes in the thermal structure are induced by the 
behavior of the planetary boundary layer of the atmosphere. Therefore the forecasting problem 
"per se" which is of interest to both meteorologists and oceanographers, can be resolved into 
two related components. 

a) The prediction of the behavior of the atmospheric planetary boundary layer. 
b) A more comprehensive and quantitative understanding of the physical processes of the 

air-sea interaction. 
This paper, by correlating observed temperature gradient with on the spot meteorological 

conditions, is directed toward the second component of the overall problem and provides 
a better understanding of the quantitative effect of individual heat exchange processes. 

Data used in this report was obtained from the mid-Atlantic area dur ing a N A T O oceano-
graphic survey in 1965. Calculations are discussed which were used to convert observed 
meteorological data into a measurement of total heat flux at the sea surface, vertical momentum 
flux and evaporation rate in order to describe the energy exchange between the atmosphere 
and the sea. It is concluded, from these calculations and from an assessment of observed 
thermal conditions in the top layer of the ocean, that the temperature gradient in the top 5 
meters beneath the sea surface is determined by the meteorological conditions, i.e., by the 
wind stress and the relative change of water density at the sea surface, the latter being mainly 
influenced by the amount of evaporation and back radiation. 
As part of a project within the Techniques Development Laboratory, it was necessary to specify 
the total precipitable water in the column below 500 mb at 1200 G M T over the eastern U. S. 
as a function of variables observed at the surface of the Earth. Regression equations are 
presented which linearly relate the natural logarithm of precipitable water to surface dew 
point, total amount of clouds, and coded weather. About 87% of the variability of the 
integrated moisture can be explained by these three variables. Several other variables 
observed at the Earth's surface are shown to offer little additional value as specifiers after these 
three are used. It makes little difference in total reduction of variance whether one uses a 
single regression equation or separate equations for different months and regions. 
Fifteen years of typhoon data (1953-1967) were evaluated to determine the general character 
of the "Fujiwhara effect" with respect to the separation distance between two interacting 
tropical cyclones. T h e results showr that the rotation of the binary system is sharply dependent 
upon separation distance for distances less than 750 n mi. There appears also to be a slight 
attraction between the two vortex systems, which becomes well defined at separation distances 
less than 400 n mi. T h e results are compared with theoretical rotation rates for vortex systems 
with varying velocity profiles. 
A numerical model of the atmosphere-soil boundary layer was developed which simulates heat 
and moisture exchange between the atmosphere and the soil. T h e approach is new in the 
following respects: 

a) T h e atmosphere and soil are regarded as a thermodynamic continuum in which heat and 
moisture are transported by diffusion. 

b) Variables at the atmosphere-soil interface are not prescribed but are determined as solutions 
of physical equations. 

c) Depth of the quasi-stationary layer near the ground is not prescribed as constant, but is 
determined by scale analysis for transport processes in the atmosphere and in the soil. 

Three calculations, which were based on different assumptions for the eddy diffusivlty in the 
Ekman layer, were compared. T h e temperature calculated by use of an eddy diffusivity 
interpolated by Hermite polynomials is in good agreement with observations. All three 
examples studied predicted the wind velocity weaker than the observed, especially dur ing the 
night. T h e rate of evaporation from a dry soil surface was shown to be governed mainly by the 
moisture diffusion in the soil. 
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A comparison of the 
equivalent potential 
temperature and the 
static energy 
R. A. MADDEN AND 
F. E. ROBITAILLE 

A numerical experiment 
in ship routing climatology 
F. W. NAGLE 

FNWC automated ship 
routing system as an 
application of the analog 
forecasting technique 
G. D. HAMILTON, 

S. W. SELFRIDGE AND 

W. E. BLEICK 

A forecast method for 
wind set-up on Lake Erie 
W. S. RICHARDSON AND 

N. A. PORE 

Rossby's equivalent potential temperature (0e) and the static energy (<r) are derived from the 
same differential equation; however, when used in analysis they can give slightly different 
results. Radiosonde data for Palmyra Island (5°53'N, 162°5'W) corresponding to a mean sound-
ing taken from the Central Pacific Island dur ing the Line Islands Experiment of February-
April 1967, are used together with a 10-yr mean sounding for Washington, D. C., for the 
period 1946-1955. T h e vertical profiles of 6e and <r/cp for both mean soundings are presented 
and the estimates of maximum height for possible convective penetration are determined for 
the Palmyra mean sounding. Using a a pressure of 178 mb is estimated while 0 e yields a 
pressure of 187 mb for maximum possible undiluted convective penetration. These pressures 
are compared to the pressure obtained using the parcel method on a thermodynamic chart. 

T o better understand how and why these estimates differ, 0e and a are compared quantitatively 
and their derivations are presented. Another parameter, the wet-bulb potential temperature 
(0W) is mentioned briefly and the equivalency of estimates of maximum possible undiluted 
cumulus growth obtained from 0 W and 0 e is stated. 
T h e author has conducted experiments in computer-selected opt imum track ship routes using 
three years of historical sea-state data in the North Atlantic. Outputs from the program depict 
potential time saving in voyages, periods of highly unusual opt imum routes, and aid in the 
study of ship routing climatology as a function of season. 
Recent development of an operational analog forecasting system at the Navy Fleet Numerical 
Weather Central makes available long-range wave forecasts for the time frame of 1-15 days 
required for opt imum ship routing. Using a combined wave and swell forecast time-series 
based on the long-range analog data, an automated ship routing system at FNWC provides 
opt imum routing information. T h e optimum-time route is computed by a calculus of variations 
method which can be constrained to yield tracks which encounter wave heights less than a 
specified height. T h e presentation includes a brief description of the analog forecasting scheme, 
a simplified flow of the ship route system and an explanation of opt imum route solutions. 
Examples of some recommended routes as plotted automatically by the system are given. 
A method of forecasting abnormal water levels at both ends of Lake Erie is described along 
with examples of calculations on both dependent and independent data. T h e wind circula-
tion of winter extratropical cyclones, which causes the wind set-up on the Lake, is put into 
the forecast system as sea-level pressure at a series of grid points surrounding the Lake. T h e 
time history of sea-level pressure, consisting of analyses and prognoses valid during the 30-hr 
period prior to the verifying time of the wind set-up forecast, is used in the method. Tests on 
independent cases indicate that the method will be useful for operational forecasting when 
applied with numerical prognostic pressure fields. 

Localized analysis and prediction problems 

A statistical method for 
predicting summer-time 
convective storms over an 
orographic barrier 
D. E. LEHRMAN 

A summer-time weather modification program conducted by the Fresno State College Founda-
tion in California's Southern Sierra Nevada range resulted in the development of a statistical 
forecast model to be used as an aid in determining the occurrence of cloud conditions suitable 
for seeding activities. T h e technique used was a multivariate discriminant analysis. Upper 
air observations from four stations dur ing the period June through September for the years 
1966, 1967 and 1968 were used as basic input data. The discriminant function thus derived 
provided a basis for the classification of the basic time unit of one day into one of two categories 
for a specified set of meteorological conditions. The day was characterized as either having 
general convective cloud activity or one having limited or no convective activity. Given this 
basis of classification, the probability of a day having cloud conditions suitable for seeding 
activities was determined through a consideration of Bayes' theorem. This forecast tool is 
designed to utilize input data readily available from routine ESSA-Weather Bureau sources. 
T h e technique has been tested and shows promise for use not only for weather modification 
activities but by several local, state and federal agencies in the area for such purposes as 
fire weather forecasts, runoff forecasts and routine area forecasts. 

Use of air mass analysis 
in forecasting 
J. W. LIGHTFOOT 

Weather forecasting is the at tempt to interpolate the line values of charts and diagrams into 
future weather patterns. All "weather" is produced by differences in temperature and moisture 
in the atmosphere. Various methods of identifying the air mass differences have been used. 
Most standard meteorology texts and references generally emphasize potential temperature 
as an identifier of air masses as well as the stability of the air mass. T h e standard texts fur ther 
five sample soundings from the central United States as representative of the air mass under 
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The relationship of 
mountain waves and 
turbulence at jet levels 
C. L. CHANDLER AND 

C. JOSEPH EMMONS 

Thermal features in tivo 
kinds of CA T 
J. E. SORENSON 

An operational method 
for objectively forecasting 
probability of precipitation 
D. A. LOWRY AND 

H. R. GLAHN 

The analysis of short 
duration rainfall frequency 
I. ENGER AND 

D. A. CHISHOLM 

Localized numerical 
predictions and the 
northeast snow problem 
J. SPAR 

The Tri-State Tornado of 
18 March 1925 
R. C. MILLER 

An attempt is made in this paper to identify the air mass in the source regions, using 
primarily equivalent potential temperature, then follow the air mass as it moves through the 
United States and is modified. Statistical averages give soundings that are representative of 
the air masses in the source regions. Empirical rules have been developed that give a close 
approximation to the actual changes observed as the air masses move through the United States. 

Other factors and discontinuities in the atmosphere that are independent of wave action and 
cause turbulence at jet levels have been investigated. Profiles for flight p lanning at jet levels 
over mountainous regions have been produced which minimize turbulence by avoidance of un-
related discontinuities to the mountain wave. Turbulence and the aerodynamic ceiling of a 
typical jet transport will be briefly discussed. 

Thermal features for several atmospheric layers associated with two common kinds of clear air 
turbulence are presented. T h e mountain wave, in its active stage, is frequently found related 
to warm tongues of air at 850 and 700 mb. At levels near the tropopause, the action is related 
to the advance of cold air axes toward the area. T h e combination of these features provides a 
tool for anticipating active mountain waves. 

Over flatter terrain, clear air turbulence is frequently associated with surface frontal waves. 
Fronts with high thermal gradients and strong convergence factors are most susceptible to 
development of clear air turbulence aloft. T h e lower level features are presented along with 
the characteristic features at the level of the turbulence. 
An operational method for objectively producing forecasts of probability of precipitation (PoP) 
is discussed. T h e method is based on statistically relating precipitation observations to variables 
forecast by existing numerical models. T h e screening regression technique is applied for this 
purpose. Forecast variables are used from two operational numerical models, the T D L 
Subsynoptic Advection Model (SAM) and the NMC Primitive Equation (PE) Model. Verification 
figures covering a one year period are presented for the eastern U. S. 
Objective mappings of short durat ion rainfall frequency have been generated for the United 
States east of 105W longitude from data collected at 140 first order Weather Bureau stations. 
T h e analysis was conducted in two phases. 

First, the maximum annual precipitation observations for durations of 5, 10, 15, 30, and 60 min 
were fitted by the Gumbel method of frequency analysis for each station. Recurrence intervals 
(return periods) precipitation estimates were determined for 2, 5, 10. 25, 50. and 100 years. 
Most stations had in excess of 50 years of data for the analysis. T h e "goodness of fit" of the 
Gumbel distribution to the rainfall data was examined by the chi-square test and it was found to 
be quite good for each of the recurrence intervals considered in the study. 

In the second phase, the objective mapping of the short duration rainfall frequency was 
conducted. Herein, thirty fields were constructed (five rainfall durations with six recurrence 
intervals each). T h e objective procedure utilized was the Conditional Relaxation Analysis 
Method (CRAM) which solves Poisson's equation to transform irregularly spaced station observa-
tions to a rectangular grid of equally spaced locations. Scaling and smoothing criteria in the 
CRAM technique were established using rainfall duration of 60 min by comparing the analyses 
achieved with previously published analyses. The analysis of the shorter durat ion rainfall was 
then conducted with the established criteria. Comparisons are made between the various 
analyses. Ratios were computed, on a point-by-point basis, and analyzed between the rainfall 
durations less than 60 min and the 60-min values. T h e ratios mappings are discussed and 
potential uses of the analyses are considered. 
Experimental hourly local forecasts for selected stations have been produced by interpolation 
as by-products of the NMC-PE model since November 1967. T h e forecasts for five stations for 
two winter seasons are analyzed with respect to the snow prediction problem in the northeastern 
United States, and are found to exhibit useful skill in rain-snow discrimination and in qualitative 
precipitation forecasting, bu t less skill in forecasting onset time and amount of precipitation. 
Efforts to combine the numerical forecasts statistically with other potential predictors through 
regression techniques are described. 
Research and extensive accumulation of old data has been used to reconstruct in contemporary 
format a detailed analysis and a diagnosis of this extreme storm. Its intensity was marked by 
a path of over 200 mi, occasionally a one mile wide swath of destruction, over 600 people killed, 
and 4000 injured. Informative aspects of the diagnosis will be presented. 
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Numerical prediction—general 

Extended range analog 
forecast program at Fleet 
Numerical Weather 
Central 
P. M. WOLFF 

Operational numerical 
weather predictioyi 
F. G. SHUMAN 

A "floating grid" 
numerical forecasting 
method: experiments with 
a global, primitive 
equations model 
F. MESINGER 

Experiments in real data 
forecasting with the 
NCAR general circulation 
model 
D. BAUMHEFNER 

The development of a 
numerical frontal model 
based on local flow 
parameters 
G. V. RAO 

T h e Fleet Numerical Weather Central Analog Forecast Program utilizes a digitized data bank 
of 500 mb, surface and zonal wind data for the period 1946-1969. T h e program searches the 
data bank for data fields within 30 days of the forecast date and a screening process ultimately 
selects the best hemispheric analog. T h e screening technique employs correlation in space and 
time of 500 mb and 1000 mb large and small scale components together with indices of the 
zonal wind profile. 

T h e analog forecast has been computed operationally twice a week on the CDC 6500 
Computer since 1 March 1969. A large computer is required due to the amount of data searched 
(e.g., 2,000 individual charts for the initial screen) and the number of computations made. 
Ten-day forecasts of 500-mb surface, and wave conditions are produced and storm track and 
mean sea-state predictions are made for two periods of days, 1-6 and 7-12, after the forecast date. 
Ten-day terminal forecasts for certain selected stations are also provided. 

T h e analog forecasts are transmitted via high-speed data links to Fleet Weather Centrals 
in Guam; Pearl Harbor; Norfolk, Virginia; and Rota, Spain. Initial response to the forecasts 
has been favorable and they have been found to be useful for various naval operations. 
Operational numerical weather prediction has greatly altered practice of forecasting since 1958 
and has been the major contributor to increases in skill. T h e present pattern for current 
operations and fu ture development is now clearly one of numerically duplicating the evolving 
atmosphere with computing machinery and the governing physical laws. A number of 
limitations prevents a full application of this ideal principle. T h e limitations are gaps in basic 
knowledge, shortcomings of the observational network, limited power of computing machinery, 
and defects in numerical methods. T h e brief history of numerical weather prediction has been 
one of a more or less continuous relaxation of each limitation through research, development, 
and invention. Continuing progress depends on successful attack on all limiting factors, for 
any one if not realized would soon become sufficient to halt progress. 
A Lagrangian-type numerical forecasting method is developed, in which the computational 
(grid) points are advected by the wind, and the necessary space derivatives (in the pressure 
gradient terms, for example) are computed by using the values of the variables at all the com-
putation points which at the particular moment are within a prescribed distance of the point 
for which the computation is done. In this way, the forecasting problem reduces to solving 
the ordinary differential equations of motion and thermodynamics for each computation point, 
instead of solving the partial differential equations in the Eulerian or classical Lagrangian way. 
T h e method has some advantages over the conventional Eulerian scheme: simplicity (there are 
no advection terms), lack of computational dispersion in the advection terms and therefore 
better simulation of atmospheric advection and deformation effects, very little inconveniences due 
to the spherical shape of the Earth, and the possibility for a variable space resolution if desired. 
On the other hand, some artificial smoothing may be necessary and it may be difficult (or 
impossible) to conserve the global integrals of certain quantities. T h e results of some experi-
ments made with a global primitive equations model of this type are presented and discussed. 
A series of real data forecasts for the period 15-19 January 1958 was made with the NCAR 
general circulation model for several basic purposes: 1) to check the model's ability to forecast 
the real atmosphere, 2) to prepare a global numerical model capable of forecasting with the 
proposed WWW-GARP data, and 3) to determine some of the empirical constants built into the 
model. Several "skill scores" were evaluated from the individual experiments in order to 
determine the best initialization procedure, the values of empirical constants, and the best 
overall forecast. A comparison between a two-layer model (6 km between levels) and a six 
layer model (3 km between levels) was also performed. 

T h e results from these experiments indicate that the apparent limit of skill for the present 
two-layer model is 96 hours at 6 km and 48 hours at the surface. However, at either level even 
after 96 hours the forecast is still better than persistence for this particular period of study. 
T h e six-layer model generally improved the skill scores throughout the time period. T h e 
initialization scheme testing was somewhat inconclusive with small differences between methods; 
a mixed method using both observed pressure and winds appeared to be most promising. 
An attempt is made to integrate numerically a system of simplified viscous equations to infer 
dynamically the vertical circulation associated with warm and cold fronts. Special double 
theodolite wind observations gathered in the vicinity of a warm and a cold front are utilized to 
help construct this numerical model. T h e slope and vertical extent of these fronts together 
with the vertical circulations are found by iterative means. Furthermore, the effect on frontal 
characteristics of the frontal motion, the spatial variations of eddy viscosity, and geostrophic 
wind are also examined. 
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On the development of 
primitive equation models 
for numerical weather 
prediction within limited 
geographical regions 
J. P. GERRITY, JR., AND 

R. D. McPHERSON 

T h e development of physical-numerical models of the atmosphere for the prediction of 
meteorological phenomena within limited geographical regions and with increased spatial 
resolution has recently evoked renewed interest. Certain problem areas in the implementation 
of models which utilize the primitive equations for this purpose have been studied by the 
authors. Relative success has been achieved with a barotropic model. A diagnosis of the 
factors involved in this success will be presented together with a status report on our continuing 
research on this problem area. 

Fusion of satellite data 

Computer cloud motion 
from A TS picture pairs 
V. R. TAYLOR 

Operational processing of 
geostationary satellite 
data by computer 
C. L. BRISTOR 

Numerical analyses of the 
digital video data from 
weather satellites 
D. B. MILLER 

The interpretation of 
small scale cloud patterns 
in terms of sub-synoptic 
scale weather systems 
P. J. FETERIS 

A computer product involving facsimile display can be used to extract cloud motion vectors by 
hand and to follow growth and decay of clouds. Also, a simple matching technique is used in 
the computer to recognize binary images of cloud fields on each member of a picture pair. 
Motion vectors are then automatically and internally computed. The original and final binary 
cloud fields, along with the superimposed motion vector field, are displayed on facsimile. 
Results of the two methods described here will be compared with each other as well as with 
vectors obtained by other methods and conventional data. Limitations and the potential of 
computer derived motion vectors will be discussed. 

A survey is made of the problems in the operational processing of raw video signals into 
geometrically coherent rasters. Generation of spin vector orientation through landmark 
detection and problems of obtaining precision map imagery with respect to the final usable 
product are discussed. 

Weather satellite video data in digital form provides a unique data field for the application 
of meteorological analysis techniques. This paper presents a number of experiments with the 
numerical analysis and presentation of the digital video data from the ATS-1 and ESSA 
satellites. Properties and applications of various derivatives and "field" parameters are 
illustrated. 

T h e properties of the two-dimensional Laplacian of the video brightness field are examined. 
Examples of the uses of this parameter for picture enhancement, cloud-background discrimina-
tion, and smoothing are presented. T h e Laplacian field displays an "etched" version of the 
cloud field which retains most of the information content of the original brightness pattern. 
T h e display of the Laplacian requires only 3 grey shades to show considerable detail. T h e 
original video requires either quality photographic reproduction or at least 16 shades of grey 
to display comparable quality and detail. Possible uses of the Laplacian field to infer cloud 
motions are discussed. 

T h e field of the brightness gradient is illustrated using various grid distances for the finite 
difference approximation of the derivatives. Various properties of the gradient for cloud 
type and cloud edge discrimination are compared with similar analyses using the Laplacian. 
The gradient field for various types of clouds is shown to demonstrate the use of this 
descriptor as a "signature" parameter. 

T h e Jacobian of the brightness field is a natural extension of the Laplacian and gradient 
analyses. This parameter is another enhancement field that brings out distinctive features of 
clouds and cloud patterns. Examples of analyses of the Jacobian field are shown and discussed. 

A discussion is given to show applications of the field parameters to a numerical or auto-
mated nephanalysis. T h e advantages of numerical and objective analysis over visual, subjective 
interpretation of the video pictures are evident. 
Analysis of data from a dense network of radiosonde and upper wind stations over Western 
Europe revealed existence of subsynoptic scale disturbances associated with vertical velocities 
of from 10 to 100 cm per second and wavelengths between 100 and 500 km. T h e vertical 
velocity maxima are invariably found in regions with state stabilities (de/dp) below 0.05K mb" 1 

often occurring in the upper troposphere. Even in the more stable layers vertical velocities are 
still large enough to considerably modify the static stability of the atmosphere within a short 
time. Changes in static stability which create or destroy inversions are linked with changes 
in vorticity of flow. In some cases vertical motions extended downward from the tropopause 
to the surface, as indicated by convergence and divergence of the wind at station level. These 
vertical motions within a few hours caused convection to become organized into groups of 
showers and thunderstorms. 

Nephanalyses made at time of release of radiosondes show an absence of high and medium 
clouds above scattered cumulus clouds in areas of air descent, with altostratus type clouds or 
vigorous shower activity in areas where air is ascending. Hourly nephanalyses indicate a life 
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Some similarities between 
severe east coast winter 
storms and hurricanes 
V. J. OLIVER 

Project video, an approach 
to the SINAP problem 
W. N. COTTRELL 

Meteorological satellite 
views of cloud growth 
associated with the 
development of 
secondary cyclones 
W. E. SHENK 

time of these circulations to be between one and six hours. Low cloud cover shows more 
rapid fluctuations than medium and high clouds. 

These discoveries may help diagnose and interpret small scale changes in the cloud patterns 
viewed from satellites. 
During the past year several very intense winter storms formed from a combination of a 
disturbance over the tropical waters of the Gulf of Mexico and the Atlantic Ocean and a cold 
winter low moving eastward through the Southern States. Some of these coastal storms were 
warm core lows with visible eyes dur ing part of their life cycle. Satellite views of these will 
be compared with east coast hurricanes. 
For the past two years, the Navy has been conducting an operational experiment (Project 
VIDEO) which is a subjective/semi-objective interim solution to the SINAP (Satellite Inpu t to 
Numerical Analysis and Prediction) problem. 

T h e philosophy and method of aproach are reviewed briefly, together with changes and 
improvements which have been made since the inception of the Project. 

A major strength of the method is that bogus data are not entered into the Fleet Numerical 
Weather Central's operational tropospheric analysis, but into updated analyses which are the 
"first-guess" fields for prognostic tropospheric contour fields. Some case studies are reviewed 
which tend to show that bogus data actually improved succeeding prognoses when compared 
to prognoses obtained without the input of VIDEO (bogus reports) data. 
During March 1962 the cloud changes associated with the pre-development and development 
periods of two secondary cyclones in the North Pacific Ocean were viewed on at least two 
successive days by the 8-12ju "window" channel on board the TIROS IV meteorological 
satellite. Both of the secondary cyclones developed at the triple point at the base of the 
occlusion. For the two cases, at the time when the secondary circulations were first noticeable 
on the surface chart, the equivalent blackbody temperatures ( T B B ) as measured by the radiometer 
averaged 15K colder than the day before in the northeast quadrant relative to the base of the 
occlusion. T h e average T B B was taken over an area of approximately 300,000 sq mi. For two 
other cases, an average warming of 4K occurred from day to day over the same area relative to 
the base of the occlusion when no significant secondary development occurred and when the 
primary occluded cyclone was slowly weakening. These results suggest that with the assistance 
of meteorological satellite radiation data considerable cloud growth is noticeable prior to the 
generation of a triple point secondary cyclone. 

(Continued from announcemen t s , page 430) 

AIAA Earth Resources Observations 
and Information Systems Meeting 

T h e AIAA Earth Resources Observations and Information 
Systems Meeting will be held at Annapolis, Maryland, 2-4 
March 1970, under the sponsorship of the AIAA Technical 
Committee for Sensors with participation by the Technical 
Committees on Atmospheric Environment, Communications 
Systems, Computer Systems, Marine Systems, and Spacecraft. 

The purpose of the conference is to make an analytical 
examination of the requirements and problems in the ac-
quisition, handling and transmission of earth resources type 
data. Examination of the problem areas will be made using 
the Meteorology Program experience as a baseline. A sepa-
rate scientific tutorial session will be conducted on the 
problem of atmospheric degradation of earth resources sig-
natures. 

The approach being taken for the conference is the fol-
lowing: 

A review of the MET Program from its conceptual phases 
through the proposed next generation operational sys-
tem based on the TIROS M Spacecraft, particularly, 
drawing out the major lessons that can apply to Earth 
Resources planning. 

A review of Earth Resources program planning from the 
conceptual phases (user needs) through proposed opera-
tional systems to satisfy both using agencies and the ulti-
mate users. 

A review in depth of the conclusions being drawn from 
the scientific baseline that has been assembled from 
earth resources type data in order to define sensor, com-
munication and information system requirements. 

Contributed papers are being requested in the areas of: 
Remote sensing and specific earth resource satellite ap-

plications. 
State-of-the-art projection of required instrumentation. 
Structure of a national data processing center. 
Operational communication requirements. 
Operational Earth Resources System analyses. 
Anyone interested in contributing a paper should submit 

12 copies of a comprehensive abstract of approximately 500 
words no later than 1 August 1969. Papers will be accepted 
or rejected by the program committee on the basis of this 
abstract. 

Abstracts should be submitted to: Mr. George Barna, Jr., 
Radio Corporation of America, Astro Electronics Division, 
Princeton, New Jersey 08540. 
(More announcements on page 480) 
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No mere collection of conference papers, this monograph 
is a carefully planned and organized survey of a complex 
field. It covers the basic principles involved from the receipt 
of radiant energy on through decision-making in agronomy. 
For each phase, the necessary formulas, units and instrumen-
tation are fully treated. The principles are applied as they 
affect the living organisms (plant and animal) of concern to 
man. Guides to the latest research are provided, and atten-
tion is called to unsolved problems. 

International in scope, the monograph incorporates the work of leaders in their 
fields from many countries; for example, E. K. Webb of Australia, W. R. van Wijk 
of the Netherlands, B. Slavik of Czechoslovakia and F. K. Hare of England. Yet 
the work has been integrated into one clearly organized whole. 

Agricultural Meteorology will prove to be an indispensable reference to the 
scientists of many diverse disciplines concerned with agriculture and weather. 
Moreover, it will serve as an excellent text for advanced students in these areas. 

edited by Paul E. Waggoner, Connecticut Agricultural Experiment Station 
TABLE O F C O N T E N T S : Radiant Energy, its Receipt and Disposal, by D. M. Gates; Aerial Microclimate, by 
E. K. Webb; Soil Microclimate, its Creation, Observation and Modification, by W. R. van Wi jk ; Frost Protec-
tion with Irrigation, by J. A. Businger; Frost Protection with Wind Machines and Heaters, by T. V. Crawford; 
Chemical Induction of Dormancy and Cold Resistance in Citrus, by C. H. Hendershott; Capture of Radiant En-
ergy by Plants, by D. N. Moss; Response of Animals to Heat, by H. D. Johnson; Transport of Soil and Snow by 
Wind, by W. S. Chepil; Transport of Small Organisms in Moving Air, by W. R. Henson and P. E. Waggoner; 
Rainfall, Runoff and Return, by W. R. Gardner; Supply of Water to Plants, by B. Slavik; Loss of Water to the 
Air, by C. W. Thornthwaite and F. K. Hare; Forecasts and Decisions, by J. D. McQuigg. 

The special price noted above for AMS Members is also available for students and for bulk orders. 

SEND ORDERS TO: AMERICAN METEOROLOGICAL SOCIETY, 45 BEACON ST., BOSTON, MASS. 02108 
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National Officers, 
AMS 

AMS Committee on 
Agricultural 
Meteorology 

Conference Committee 

Synopsis of Sessions 

President: Dr. George S. Benton President-Elect: Eugene Bollay 
Executive Director: Dr. Kenneth C. Spengler 

General Information 

Location 

Conference 
Registration 

Accommodations 

Transportation 

Special Activities 

Dr. Paul E. Waggoner, Chairman 
Dr. J. D. McQuigg, Vice Chairman 
Dr. John F. Gerber 
Dr. John F. Griffiths 
Dr. Leo J. Fritschen 

R. }. Hanks, Program Chairman 

Dr. K. R. Knoerr 
Dr. Lawrence C. Raniere 
Dr. G. W. Robertson 
Dr. Norman J. Rosenberg 

Leo Fritschen, Physical Arrangements 

Monday 8:30 a.m. 

Monday 2:00 p.m. 

Tuesday 8:30 a.m. 

Tuesday 2:00 p.m. 

Wednesday 8:30 a.m. 

Wednesday 2:00 p.m. 

Evapotranspiration, Evaporation and Soil Water 
Flow of Air, Heat and Water Vapor in Forest Canopies 
Radiation and Heat Exchange 
Flow of Air, Heat and Water Vapor in and above Canopies and 

near Windbreaks 
Application of Meteorological Information to Agricultural 

Problems 
Relation of Meteorology to Pollution, Fire, Hail, and Wett ing 

of Vegetation 

Climate 

All sessions of the Conference will be held in the Auditorium at the Student Union 
Building (HUB), University of Washington, Seattle, Wash. 
Conferees may register during the morning of Monday, September 8, 1969, in the hall at 
the entrance to the Auditorium. Registration fees are: non-members, $14; members, $10; 
local members $6; students, $2. 
Rooms are available at Lander Hall, a University residence within walking distance of 
the Student Union and other University facilities. T h e rates are $5 per day for a single 
room and $3.50 per day for a double room with community bath facilities. Room reserva-
tions are essential and must be made prior to August 22, directly with the manager of 
Lander Hall, 1201 Campus Parkway, Seattle, Wash. 98105. 

Rooms are also available at the University Towers Hotel and nearby motels for $10.50 
and up for singles. Reservations should be made prior to August. 
Seattle-Tacoma International Airport is about 15 miles south of the University. 
Limousine service is available to the Olympic Hotel in downtown Seattle. City bus 
service or taxi service is available from the Olympic Hotel to the University. 
An authentic Indian village salmon bake with Indian dancing on Blake Island is planned 
for Tuesday evening, September 9. Transportat ion from the University through Lake 
Union and the Government Locks across Puget Sound to Blake Island will be provided 
by charter boat. A social hour is provided on board. T h e boat trip and salmon bake 
require five and one-half hours. 
At this time of year in Seattle the daily maximum temperatures are in the high 60's 
with the overnight minimums of 50; average precipitation during September is 1.6 inches. 

Bulletin American Meteorological Society 463 

Unauthenticated | Downloaded 05/17/22 12:20 PM UTC



Vol 50, No. 6,, June 1969 

PROGRAM 

Monday Morning, Evapotranspiration, Evaporation and Soil Water 
Sept. 8, 8:30 a.m. Chairman: R. M. Holmes, Dept. of Energy, Mines and Resources, Alberta, Canada. 

Seasonal patterns in evapotranspiration by irrigated alfalfa in the central Great Plains. 
Norman J. Rosenberg, University of Nebraska, Lincoln, Nebr. 
The importance of large scale advection in evapotranspiration from irrigated crops in 
southern Idaho. James L. Wright and Marvin E. Jensen, Agriculture Research Service, 
USDA, Kimberly, Idaho. 
Some attempts at measuring and predicting evapotranspiration in terms of consumptive 
water use. James J. McCoy, Jr., Weather Bureau, ESSA, Boise, Idaho. 
Comparison of estimated and measured daily evapotranspiration from irrigated crops in 
southern Idaho. Marvin E. Jensen and James L. Wright, Agriculture Research Service, 
USDA, Kimberly, Idaho. 
Evapotranspiration in a mountain brush zone where Gambel oak (Quercus gambelii) 
is the dominant species. Ben L. Grover and Curtis B. Campbell. Utah State University, 
Logan, Utah. 

Recess 

The effects of forest-stocking—density upon the dynamics of soil moisture and air 
humidity near the surface within the Aspen Forest Site, Chalk River, Ontario. Jan 
Cabart, Dept. of Fisheries and Forestry, Petawawa Forest Exp. St., Chalk River, Ontario, 
Canada. 
The efficiency of agricultural production is increased by a subsoil moisture survey in 
northwest Texas. Oliver H. Newton, Weather Bureau Agricultural Service Office, 
Texas A&M University, Lubbock, Texas. 
Crop production estimates and the Palmer Crop Moisture Index. Wayne C. Palmer, 
U. S. Dept. of Commerce, Environmental Science Services Administration, Silver Spring, 
Md. 
A differential psychro method for scheduling irrigation. Modesto Capiel, University 
of Puerto Rico, Gurabo, Puerto Rico. 
Diurnal evaporation from Class A pans: the process and its prediction. Doyle Cook, 
Weather Bureau Office for Agriculture, University of Kentucky, Lexington, Ky. 

Monday Afternoon, Flow of Air, Heat and Water Vapor in Forest Canopies 

Sept. 8, 2:00 p.m. C h a i r m a n : Lloyd W. Gay, O r e g o n State Univers i ty , Corvallis, Oreg . 
Modeling a coniferous forest canopy. Russell Kinerson, Jr., and Leo Fritschen, Univer-
sity of Washington, Seattle, Wash. 
Estimation of sensible heat and momentum fluxes in the boundary layer of a pine 
plantation. George H. Belt, University of Idaho, Moscow, Idaho. 
Wind, turbulence, and momentum transport in forests. Joseph H. Shinn, Atmospheric 
Sciences Laboratory, U. S. Army Electronics Command, Fort Huachuca. Ariz. 
The structure of wind, temperature and turbulence in and around a coniferous forest. 
Gilbert S. Raynor, Irving A. Singer and Young Bok Lee, Brookhaven Nat ional Laboratory, 
Upton, Long Island, N. Y. 

Recess 

Wind-tunnel studies of the air flow and gaseous plume in the leading edge region of a 
model forest. R. N. Meroney, Colorado State University, Fort Collins, Colo. 
Topographic effects apparent in nocturnal temperature profiles in a conifer canopy. 
James D. Bergen, Forest Service, USDA, Fort Collins, Colo. 
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Tuesday Morning, 
Sept. 9, 8:30 a.m. 

Tuesday Afternoon, 
Sept. 9,2:00 p.m. 

Wednesday Morning, 
Sept. 10,8:30 a.m. 

Shorter Contributions on Instruments, New Developments and Progress 

Titles to be announced at the Conference 

Radiation and Heat Exchange 

Chairman: Norman J. Rosenberg, University of Nebraska, Lincoln, Nebr. 
Airborne measurements of reflected solar radiation over soils and vegetation. Vincent V. 
Salomonson, Goddard Space Flight Center, Greenbelt, Md. 
Solar radiation absorption by deciduous forests in winter. C. A. Feclerer, USDA, Forest 
Service, Durham, N. H. 
Radiant energy exchange of a citrus orchard. J . F. Gerber, University of Florida, Gains-
ville, Fla. 
Diurnal temperatures in a forested valley in summer. Leslie B. MacHattie, Department 
of Fisheries, Forest Fire Research Institute, Ottawa, Canada. 
Heat transfer between Phaseolus vulgaris and the environment. F. Saldin and N. 
Barthakur, McGill University, Montreal, Canada. 
Recess 

Effects of radiation flux density and leaf water potential on stomatal resistance in plant 
communities. Neil C. Turner , Connecticut Agr. Exp. Sta., New Haven, Conn. 
A synthetic model for predicting radiant, sensible and latent energy exchange within a 
crop canopy. Billy J. Barfield, Terry B. Daynard and W. G. Duncan, University of 
Kentucky, Lexington, Ky. 
On the regression relation between net and solar radiation. Lloyd W. Gay, Oregon State 
University, Corvallis, Oreg. 
Do we need more specific radiation parameters for studies of biological processes? Inge 
Dirmhirn, Utah State University, Logan, Utah. 

Flow of Air, Heat and Water Vapor in and above Canopies and near Windbreaks 

Chairman: Gaylen Ashcroft, Utah State University, Logan, Utah. 
The relationship between surface shear-stress and the horizontal wind velocity over a 
grass turf. Wilson B. Goddard, University of California, Davis, Calif. 
Aerodynamic predictions of heat, moisture, and momentum transfers. W. O. Pruitt, D. L. 
Morgan and F. J . Lourence, University of California, Davis, Calif. 
Some aspects of air flow characteristics of simple canopies. Ronald M. Cionco, Dept. of 
Army, Fort Huachuca, Ariz. 
Mass and momentum exchange within the crop canopy. R. J. Millington, E. R. Perrier 
and D. B. Peters, ARS-USDA and University of Illinois, Urbana, 111. 

Recess 

A box model approach to frost protection research. J. David Martsolf. Pennsylvania 
State University, University Park, Pa. 
Evaporation in sheltered area as influenced by windbreak porosity. E. L. Skidmore and 
L. J. Hagen, ARS-USDA and Kansas Agr. Exp. Sta., Manhattan, Ivans. 
The influence of a windbreak on turbulent transport. K. W. Brown and Norman J. 
Rosenberg, University of Nebraska, Lincoln, Nebr. 
Aerodynamics of shelter belts. Erich J. Plate, Colorado State University, Fort Collins, 
Colo. 
Application of Meteorological Information to Agricultural Problems 

Chairman: L. Dean Bark, Kansas State University, Manhattan, Kans. 
Meteorological services for the agri-business community. T . L. Noffsinger, Weather 
Bureau, ESSA, Silver Spring, Md. 
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The role of meteorological information in the management of agricultural production. 
James D. McQuigg, University of Missouri, Columbia, Mo. 
Eco-meteorology: weather factors in animal ecology. William J. Francis, Bureau of 
Sport Fisheries and Wildlife, Sandusky, Ohio. 
Agricultural potential estimated by climatic factors. Augustine Y. M. Yao, Environmental 
Data Service, Silver Spring, Md. 
Water surplus and deficit in the United States. Joe R. Eagleman, University of Kansas, 
Lawrence, Kans. 
Recess 

Remote sensing and ground observing of environmental influences on crop production. 
Gerald L. Barger, U. S. Dept. of Commerce. Environmental Science Services Administra-
tion, Silver Spring, Md. 
Effects of agriculture on the atmospheric boundary layer. R. M. Holmes, Department 
of Energy, Mines and Resources, Calgary, Alberta, Canada. 
Using the heat unit approach in forecasting the maturity date of the Concord grape. 
C. Van Den Brink and E. B. Williams, Weather Bureau, ESSA, East Lansing, Mich. 
Biometeorological factors as predictors of banana maturity. V. J. Valli, Weather 
Bureau and West Virginia Agron. Exp. Sta., ESSA, Kearneysville, W. Va. 

Wednesday Afternoon, Relation of Meteorology to Pollution, Fire, Hail, and Wetting of Vegetation 

Sept. 10, 2:00 p.m. Chairman: Joseph M. Caprio, Montana State University, Bozeman, Mont. 
Measuring pesticide drift at distances to four miles. James A. Murray and Leland M. 
Vaughan, Metronics Association, Inc., Palo Alto, Calif. 
Some processes affecting the deposition of radioiodine gas on grass. Earl H. Markee, Jr., 
and Donald R. Adams, ESSA Research Laboratories and Atomic Energy Commission, 
Idaho Falls, Idaho. 
Environmental effects associated with water cooling towers. Eric Aynsley, Illinois Insti-
tute of Technology Research Institute, Chicago, 111. 
Vertical perspective of canyon winds. Bill C. Ryan, USD A Forest Service, Pacific 
Southwest Forest and Range Exp. Sta., Riverside, Calif. 
Fire weather and fire behavior on the 1968 Canyon Fire. Olive M. Countryman, Morris 
H. McCutchan and Bill C. Ryan, USDA, Forest Service, Pacific Southwest Forest and 
Range Experiment Station, Riverside, Calif. 
Recess 

Hail instruments and hail parameters that cause crop damage. Stanley A. Changnon, 
Jr., Illinois State Water Survey, Urbana, 111. 
A new approach to an old technique for measuring and recording the wetting parameter 
in vegetative covers. D. R. Davis and Jerrell E. Hughes, Weather Bureau, ESSA, N. 
Florida Exp. Sta., Quincy, Fla. 

ABSTRACTS 

Evapotranspiration, evaporation and soil water 

Evapotranspiration (ET) by irrigated alfalfa in eastern Nebraska, as determined with precision 
weighing lysimeters during 1967, varied qualitatively and quantitatively with season. E T in 
early spring may exceed the net radiation. Low temperature, however, induces a strong 
canopy resistance and E T can then be significantly lower than atmospheric conditions suggest 
possible. Maximum E T measured dur ing this season was approx. 6.5 mm day- 1 . 

Strong local and /or regional advection may prevail in late spring and E T rates may be as 
high as 12 mm d a y 1 . E T may exceed Rn by 80% during this season which is often characterized 
by very low humidity when winds stem from SW through N. 

Mid-summer is characterized by hot and humid conditions under predominantly S and SE 
winds. E T exceeds Rn only little dur ing this season. Maximum E T rate is about 7.5 mm d a y 1 . 

Seasonal patterns in 
evapotranspiration by 
irrigated alfalfa in the 
central Great Plains 
NORMAN J. ROSENBERG 
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The importance of large 
scale advection in 
evapotranspiration from 
irrigated crops in southern 
Idaho 
JAMES L. WRIGHT AND 

MARVIN E. JENSEN 

Some attempts at 
measuring and predicting 
evapotranspiration in 
terms of consumptive 
water use 
JAMES J. McCOY, JR. 

Comparison of estimated 
and measured daily 
evapotranspiration from 
irrigated crops in 
southern Idaho 
MARVIN E. JENSEN AND 
JAMES L. WRIGHT 

Evapotranspiration in the 
mountain brush zone 
where Gambel oak 
(Quercus gambelli) is the 
dominant species 
BEN L. GROVER AND 

CURTIS B. CAMPBELL 

The effects of forest-
stocking—density upon the 
dynamics of soil moisture 
and air humidity near the 
surface within the Aspen 
Forest Site, Chalk River, 
Ontario 
JAN CABART 

Nocturnal E T is common during the alfalfa growing season. Strong temperature inversions 
account for a downward delivery of sensible heat sufficient to explain this effect. As much as 
1 mm per night can be transpired by alfalfa. 

T h e Penman method underestimates E T under potential evaporation conditions by as much 
as 30%, particularly when advection is strong. T h e van Bavel method for estimating potential 
evaporation is very sensitive to the value assigned the roughness parameter. With Zo = 2 cm 
this method estimates potential evaporation of 8-28% more than with Zo = 1 cm. T h e van 
Bavel method is also sensitive to windiness, underestimating ET on calm days and overestimating 
on windy days. 
Intensive measurements of evapotranspiration dur ing two growing seasons show that large scale 
advected sensible heat is a significant source of energy to evaporation from irrigated crops in 
southern Idaho. Even though the site of the study was several miles from the boundary of the 
irrigated area and the surrounding desert, measured latent heat flux exceeded net radiation 
by as much as 25%. Inversion conditions near the surface of well-watered crops having complete 
cover were typical throughout the day in mid-summer. T h e results emphasize the importance 
of developing a meaningful concept and measure of potential evapotranspiration for irrigated 
areas in arid regions and for the development of reliable methods of predicting the evapotrans-
piration from various crops throughout the season as the stage of maturity and crop cover 
changes under these arid, climatic conditions. 
The intent of installing a small lysimeter was the simple practical one of gaging the frequency 
of irrigation needed for a single pasture. Since 1965, this instrument has proven itself. From 
the interest and participation of neighboring farmers, it appeared that the capability of a single 
instrument might be extended not only to surrounding pastures bu t also to other crops if 
certain relationships were known. An interest arose in the meteorological parameters that 
affected evapotranspirative rates. These have been studied with the idea of gaining a better 
understanding of the processes of evapotranspiration. 

In cooperation with Dr. Marvin Jensen of the Agricultural Research Service, a study of 
irrigation scheduling was conducted in 1968, using his equations of evapotranspiration based on 
solar radiation. Irrigation scheduling forecasts were made for all fields and crops in the study 
but pasture irrigation was scheduled by lysimeter readings and served as a control. Although the 
forecasts seemed adequate, there were indications the lysimeter could have served equally as 
well for the range of crops and fields in the Kuna area. 

An apparent side benefit of the lysimeter has been that it seems to measure snow and blowing 
precipitation better than the standard 8-inch gage. 
Irrigation scheduling using climate-crop-soil data requires accurate estimates of daily evapo-
transpiration. Extensive application of this method of irrigation scheduling also requires the 
use of standard or readily available meteorological data. Experience in southern Idaho indicates 
that daily net radiation can be estimated within 10% using observed solar radiation, maximum 
and minimum air temperatures, and a single observation of dew point temperature. Observed 
versus cloudless day solar radiation for the area is used to adjust the net longwave radiation for 
cloud cover effects. Estimates of daily evapotranspiration with adequate soil moisture and 
nonlimiting leaf area generally also are within 10% when using a combination energy balance-
aerodynamic equation. Several equations for estimating potential evapotranspiration will be 
compared with measured values. 
Four vegetative types in the mountain brush zone; Gambel oak, aspen, big sage and grass; have 
been studied for three years. Data were collected on soil moisture and soil temperature. 
Microclimatic measurements included three air temperatures plus wet and dry bulb, net radia-
tion and total wind movement above the vegetative canopy. Estimates of water use, both by 
soil moisture use and from Penman's equation, show that Gambel oak uses more water than 
any other vegetative type, except aspen. There was no significant difference between aspen and 
oak. Big sage was intermediary between grass and Gambel oak. Soil water use by oak 
was 14.5 inches during the summer whereas grass used only 9.0 inches. 
The project evaluates the density effects of aspen growth on the soil suction and relative humidity 
in the surface layers, by testing statistically the significant differences of selected means. T h e 
period of observation covers the summer months. It was established that the aspen stand, at all 
levels of density, has a highly significant effect on the soil moisture in comparison to a control 
plot, without any vegetation cover. 

T h e effect of mean density of aspen on the relative humidity of air could be marked as 
significant only. T o compare better these relationships, a sod covered plot was included in 
the project. The influence of forest-stocking density on the soil suction values through the 
whole observed profile up to the 90 cm depth could, with a great degree of probability, be explicit 
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The efficiency of 
agricultural production is 
increased by a subsoil 
moisture survey in 
northwest Texas 
OLIVER H. NEWTON 

Crop production estimates 
and the Palmer Crop 
Moisture Index 
WAYNE C. PALMER 

A differential psychro 
method for scheduling 
irrigation 
MODESTO CAPIEL 

by equation: y = 74.73 — 0.0014X — 0.752 X 10~6X2 — 0.172 X 10" 1 0X 3. T h e effect on the relative 
humidity in the lower layers of air, up to 200 cm, follows, with a great degree of probability, 
the curve: 

y = 61.01 - 0.162 X 10~3X - 0.407 X 10~7X2 - 0.901 X 10" 1 2X 3. 
Also observed in the project were: T h e effect of soil profile depth on the soil suction and 

the effect of soil surface on the relative humidity of air inside the aspen stand. 
Subsoil moisture is extremely important in agricultural production of cotton, sorghum and 
many other crops. Data pertaining to the amount of subsoil moisture available before a crop 
season can be used to estimate both the production potential and the amount of preplant 
irrigation water needed to provide this potential. 

T h e Weather Bureau Office for Agriculture at Lubbock, Tex., in cooperation with other 
interested groups initiated a fall and winter survey during the 1967-68 season to determine the 
availability of pre-season soil moisture. T h e survey involved the use of a neutron soil moisture 
measuring device and the establishment of 93 observation sites over a 3-million acre section of 
northwest Texas. Measurements were made to determine the moisture content of each one-foot 
layer of soil from 18 to 78 inches below the surface. Provisions were made for subsequent soil 
moisture measurements by installation of a standard access tube capped at a depth of 16 to 18 
inches below the soil surface. 

Isoline charts showing the areal distribution of soil moisture in the second and third feet and 
for the total of all layers were prepared. More than twelve thousand copies of these charts 
along with an estimate of the amount of subsoil moisture available and information concerning 
the amount of water necessary to provide adequate pre-season subsoil moisture were printed and 
furnished farmers and agri-business interests throughout the area. 

T h e interest and response to this survey was excellent although several years data may be 
required to properly evaluate this information in terms of its practical application to farming 
technology. 

Many segments of agriculture have a continuing requirement for estimates of the total produc-
tion prospects for each crop. Obviously, production prospects are influenced by both the 
favorable and the unfavorable moisture conditions to which the crops have been subjected. 

This paper describes an attempt to produce successive estimates of the regional production of 
a given crop by taking account of the computed soil moisture conditions in various areas 
within the region. Winter wheat in Kansas and weekly values of the Crop Moisture Index 
were selected for this pilot study. 

Hopefully, the ultimate outcome of this type of work would be a capability for routinely 
computing for each of the major crops a Crop Moisture Index value which is related to the 
production outlook for that crop. 
A laboratory evaluation was directed to identify more properly irrigation needs of crops on 
the basis of the simultaneous appraisal of the evaporative demands of the atmosphere and the 
free energy of water at the soil surface. Essentially, the method consists in recording the 
difference in evaporative cooling between a non ventilated wet-bulb thermojunction at the 
height of the crop canopy and an increasingly less intensive evaporative cooling at the soil 
surface, as evaporation proceeds and the free energy of soil water decreases. Thus , in taking 
advantage of the thermocouple principle a curve is obtained in a microvolt recorder which gets 
steeper as evaporative demands increase and the plant gets farther away from the zero time of 
a given irrigation. 

In the statistical evaluation of the data by multiple regression analysis it was found that 
the recorded potential was most sensitive to the saturation deficit of the air, the index used in 
this case to evaluate evaporative demands, when maintaining wind movement negligible and 
preventing impinging direct solar radiation. Although neither the evaporation rate or the 
moisture content of the matrix material correlated significantly with the recorded potential, or 
with each other, the inclusion of the three parameters (e m , 0, e d ) in a mult iple regression analysis 
showed a highly significant correlation with the recorded potential (AT). T h e " t" values 
associated with the three partial regression coefficients were nearly equal and significant at the 
one percent level. T h e three together contributed 81% to explain the variations in AT. 

Additional data is presented in an attempt to provide an index of the diffusive resistances to 
water flow of the plant tissues, as modified by the prevailing driving forces at the ports of entry 
and exits of the transpiration stream. 
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Diurnal evaporation from 
Class A pans; the process 
and its prediction 
DOYLE COOK 

Diurnal evaporation from a Class A evaporation pan is described on the basis of hourly 
evaporation recordings. Three evaporation equations are tested for accuracy of hourly predic-
tions. T h e equations are the mass-transfer equation of Thornthwai te and Holzman, the approxi-
mate energy balance equation of Penman, and the combination equation of Van Bavel. Only 
the Van Bavel equation was found to give satisfactory hourly predictions of evaporation while 
both the Penman and Van Bavel equations gave satisfactory predictions of total 24-hour 
evaporation. 

Flow of air, heat and water vapor in forest canopies 

Modeling a coniferous 
forest canopy 
RUSSELL KINERSON JR. 

AND LEO FRITSCHEN 

Estimation of sensible heat 
and momentum fluxes in 
the boundary layer of a 
pine plantation 
GEORGE H. BELT 

Wind, turbulence, and 
momentum transport 
in forests 
JOSEPH H. SHINN 

The structure of wind, 
temperature and 
turbulence in and around 
a coniferous forest 
GILBERT S. RAYNOR, 

IRVING A. SINGER AND 

YOUNG BOK LEE 

Calculation of fluxes at various heights within a forest canopy requires knowledge of the eddy 
diffusivity K(z) which is related to the plant area per uni t volume F(z). A canopy model was 
constructed from a tree model to avoid the monumental task of determining F(z) directly. 

T h e tree model was developed by normalizing, with respect to crown height and maximum 
density, the plant area per unit volume from trees of different crown class. Length of live 
crown and tree height are required for the model and may be obtained from trunk diameter and 
height to crown base. 

A model canopy was developed by assuming that the canopy was a composite of many model 
trees. Field data consisting of trunk diameter and height to base of crown were used to locate 
the model trees in the model canopy. 

T h e cumulative plant area density from the model canopy was compared with wind profiles 
obtained within the forest. T he results are encouraging and suggest that this method should be 
tested on other types of canopies. 
T h e purpose of this study was to evaluate sensible heat and momentum fluxes in an unstable 
forest boundary layer. Vertical wind and temperature profile measurements made during 
April and May 1965 were statistically "fitted" using a Taylor series approximation of the 
diabatic, log-linear profile. A Fortran IV program produced estimates of roughness length, Zo, 
displacement height, D, momentum flux, r, and sensible heat flux, H, for each 5-min observa-
tion interval. T h e estimates were computed from profiles based upon 30-min running averages. 
Lack of steady-state conditions resulted in considerable temporal variation in initial estimates of 
D, Zo and r. Variation in estimates of D and Zo was analyzed and found to have little correla-
tion with wind direction (fetch), stability of the boundary layer or "free-stream" velocity. 
Reevaluation of the profiles using median values of D and Zo resulted in temporal stabilization 
of estimates of r and H. For wind speeds below 4.5 m sec - 1, r varies curvilinearly with velocity 
12.8 m above the mean canopy height, r was approximately 1.0 dynes/cm 2 at 2.0 m sec - 1 and 
1.0 dynes/cm 2 at 3 m sec - 1. Sensible heat flux from the forest for a clear day totaled 23 Langleys 
for an 8-hr period. Estimates of Zo ranged from 18 to 120 cm with a median value of 47.0 cm; 
displacement height estimates ranged from 1875 to 2197 cm with a median value of 2197 cm. 
T h e average canopy height was 23.4 m. 
T h e purpose of this presentation is to summarize results of several studies of mean wind, 
turbulence, and divergence of momentum transport in forests. At present there is a great 
need for this information, for example in the specific areas of modelling of the planetary 
boundary layer, in diffusion of gases and aerosols, and in heat and mass transfer. 

T h e first part of this presentation deals with momentum transport in the border transition 
region as air flows over an open area and flows through and over a forest border. We present 
results showing the divergence of shearing stress and production of turbulence, the decay of 
horizontal momentum, the momentum balance, and the induced vertical wind speeds near 
the border of several forests. We also make comparisons of these prototype forests to simulated 
forests in a wind tunnel. 

T h e second part of the presentation discusses momentum transport far from any forest 
border. In this case we present results on the vertical distribution of turbulence intensity, 
the isotropy of turbulence, the variance spectra of turbulent energy, the eddy dissipation rates, 
the vertical distribution of mean wind speed, the induced turning of the wind by the action 
of the pressure gradient, and the influence of the Coriolis effect on diffusion plumes in a 
typical forest. Again comparisons are made of this prototype forest to a simulated forest in 
a wind tunnel. 
Micrometeorological measurements were taken in and around an eleven-meter tall pine forest at 
Brookhaven National Laboratory as a part of a forest dispersion study. Wind speeds were 
measured with twenty-five sensitive anemometers at seven heights on six towers located both in 
and outside of the forested area. Temperatures were measured at four heights at one forest and 
one open station. Turbulence was measured with two sensitive bivanes operated simultaneously, 
one usually mounted in the open and the other at the same height in or over the forest. 
Additional bivane measurements were obtained at two heights at a single forest location. 
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Wind-tunnel studies of the 
air flow and gaseous plume 
in the leading edge region 
of a model forest 
R. N. MERONEY 

Topographic effects 
apparent in nocturnal 
temperature profiles in 
a conifer canopy 
JAMES D. BERGEN 

Wind speed and temperature data were classified by several meteorological variables, 
normalized to selected reference locations and examined for relationships between the open 
and forest locations. Forest lapse rates are typically opposite in slope to those in the open 
but wind speeds in the forest show consistent relationships to those above and upwind of the 
forest. Spectra were computed from the bivane data and illustrate the difference in turbulence 
between the forest and the open. 
A model forest canopy was designed to simulate the meteorological characteristics of typical 
live forests. Measurements were made of velocity, turbulence, drag, and gaseous plume 
behavior in the leading edge region. Flow properties near the forest border are correlated 
in a nondimensional manner and compared with recent field measurements. Near the ground 
penetration in the trunk space resulted in strikingly different streamline motion as compared to 
wind motions within the equilibrium regions. 
Vertical profiles of air temperature were measured through the canopy at a location on a 
forested mountain slope for two summer nights with light or no cloud cover, together with 
associated nocturnal sky radiation and windspeed. 

T h e temperature profiles show a local maximum well within the canopy. T h e behavior of this 
maximum on one of the nights with alternate cooling and warming on the slope indicates that it 
is due to subsidence heating reflecting topographically induced divergence of the density flow in 
the canopy. T h e position and magnitude of the maximum are in approximate agreement with 
the estimated distribution of net radiation loss in the canopy and the measured windspeed. 

Radiation and heat exchange 

Airborne measurements of 
reflected solar radiation 
over soils and vegetation 
VINCENT V. SALOMONSON 

Solar radiation absorption 
by deciduous forests 
in winter 
C. A. FEDERER 

Radiant energy exchange 
of a citrus orchard 
J. F. GERBER 

In a study contributing to better satellite determinations of the earth-atmosphere radiative heat 
budget, measurements of the directional variation in reflected solar radiation over soils and 
vegetation have been made using an aircraft-borne scanning radiometer with a field of view of 
50 milliradians. Bidirectional reflectances were observed in two portions of the solar spectrum 
(0.2 — 4.0 jjl and 0.55 — 0.85 jul) at times when the solar zenith angle was between 55 and 80 deg. 
Flights were made over a dry desert lake bed devoid of vegetation, a soil surface covered by 
short grasses, and a densely vegetated surface. T h e results show anisotropy in the reflected 
solar radiation over each of the surfaces. T h e largest bidirectional reflectances were observed 
in the back-scattering directions (at angles greater than 90° to the direction of the incident 
radiation). Over the dry desert lake bed higher bidirectional reflectances were observed in the 
0.55 — 0.85 fi bandpass than in the 0.2 — 4.0 jjl bandpass; however, over the densely vegetated 
surface the larger reflectances were observed in the 0.2 — 4.0 /i bandpass. T h e overall results 
suggest that crop identification and radiation budget determinations are possible over large 
agricultural areas through appropriate spectro-radiometric measurements from satellites. 
Variations of the solar radiation regime of a deciduous forest in winter have not previously been 
analyzed. Roughly half of the incident radiation is absorbed by stems and branches and one-
quarter by the snow surface; the remainder is reflected. However, these proportions vary greatly 
with solar zenith angle 9, the ratio of direct to diffuse radiation, the snow albedo, and canopy 
characteristics. A canopy model has been developed based on a uniformly absorbing crown space 
(no scattering) and a stem space of randomly arranged, black, right circular cylinders. T h e 
direct or beam radiation transmission of the stand, T , is found as 

In T = — P c sec 6 — P a tan 9. 

T h e coefficient P c includes the canopy absorption coefficient and must be found empirically, but 
P s is fully specified by the basal area, mean diameter, and mean tree height. With the diffuse-
direct ratio and snow albedo as fur ther independent variables, the model gives the fractions 
absorbed, by the canopy and by the snow, and the albedo of the stand. Field tests using silicon 
photocells in several forests demonstrate the validity of the model. 
T h e radiant energy exchange above and in a citrus orchard and within the individual tree 
canopy was measured with a variety of radiometers. Most of the short wave radiation was 
absorbed or reflected in the first few feet of the canopy. T h e lower canopy received more 
radiation than the mid-section due to surface reflection. Diffuse light appeared to provide little 
photosynthetically usable energy. Evapotranspiration could be estimated as well from net 
radiation alone as with the use of Penmans energy balance equation. This may not be typical 
of all covers but simply typical for a citrus orchard in a humid environment. 
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Diurnal temperatures in a 
forested valley in summer 
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Thermograph observations (at 4 ft) on a cross-section of the Kananaskis Valley show a valley-
bottom inversion in mid-afternoon averaging 4F on clear days; the inversion is at tr ibuted 
mainly to differential evapotranspiration. J.M. Powell's similar data for a tributary of the 
Columbia valley are noted. 

With valley sides about 3000 ft high in the Kananaskis Valley, the nocturnal inversion was 
found to be mainly concentrated in the first 70 ft: average for all nights 5° in this layer out of a 
total inversion of 6°, for clear nights 7° out of 10F. W 7hen nights were grouped by amount of 
inversion in the 70 ft layer, the average nocturnal wind speed (at 33 ft) was found to be the 
same (3.0 ± 0.5 m.p.h.) for all classes of inversion between 3 and 10F. 

On clear days with low synoptic pressure gradient, ivest aspect temperatures lagged the east 
aspect by 1.5 hours at 300 ft and 0.5 h r at 800 ft above valley bottom. 
Heat transfer was studied from intact leaves of greenhouse-grown Phaseolus vulgaris (peas) 
under still air conditions, and in wind (in a wind-tunnel) up to velocities of 975 cm sec - 1 . A 
microwave transmitter was used to heat the leaves without disturbing the thermal equil ibrium of 
the environment. Leaf temperatures were measured by thermocouples and an infrared 
radiometer to obtain individual cooling curves. This unsteady-state method gave values of 
total heat transfer coefficient, which were then fractionated to find the coefficients of convection, 
radiation, and transpiration. 

Typical values of the total heat transfer coefficient in still air varied from 1.86 X 10 - 4 to 
3.64 X 10~4 cal c m - 2 sec - 1 °C _ 1 as the temperature difference was increased from 1 to 4C. Tota l 
forced convection coefficients were found to increase to about 10 X 10~4 cal c m - 2 sec - 1 °C _ 1 at 
365 cm sec - 1 wind velocity. Convection coefficients as determined under steady-state conditions 
are compared with those of the unsteady-state and theoretical values. 
Stomatal resistance, a major determinant of the rates of photosynthesis and transpiration, has 
been measured in natural canopies with an agitated diffusion porometer. Profiles of resistance, 
measured in a corn crop and two woodland communities on clear days, showed increased 
resistances in the lower portion of the canopy. In corn, this increase was partly the result of a 
lower radiation flux density and partly the result of senescence. T h e age of the leaf did not 
affect its resistance until chlorophyll degradation was evident. In the woodland species, the 
stomata closed at a lower radiation flux density than in corn, and radiation was the major factor 
determining the increase of stomatal resistance. Subsequently diurnal changes in stomatal 
resistance were observed in crops of corn, sorghum and tobacco. T h e results are interpreted 
with reference to the radiation flux density measured with a selenium photocell and leaf water 
potential measured with a pressure chamber. Changes and manipulat ion of stomatal resistance 
are discussed with reference to photosynthesis, transpiration and the efficiency of water use. 
T h e synthetic model presented was developed in two parts. In the first part the absorption and 
distribution profile of sensible, near infrared, and longwave radiation is computed based on a 
detailed canopy description. In the second part, an energy budget approach is used to compute 
the sensible and latent heat transfer for various layers within a canopy. Results predicted by the 
synthetic model are compared to previously published field measurements. 
There have been a number of attempts to predict net radiation (Rn) over vegetated surfaces 
from measurements of incoming solar radiation (S), using a linear regression model 

R n = A S + B. 
Two major deficiencies are identified in this simple model. First, it has not generally been 
recognized that the assumed dependent variable Rn also includes the independent variable S. 
T h e results of this flaw are shown to minimize the otherwise convincing statistical evidence 
(r—>1.0, s y . x —>0) of the soundness of the model. Secondly, the model does not permit gen-
eralizations to be made from results obtained over surfaces with different albedo values (a). 

These problems are corrected in a modified linear model 
R n = (1 + X) (1 - a ) S + B 

that includes the surface albedo and introduces a new longwave exchange coefficient (X). T h e 
non-dimensional coefficient X, numerically equal to A(1 — a ) - 1 — 1, is defined as the change in 
net longwave radiation (Ln) per uni t change in absorbed solar radiation 

X = (Ln - B)/( l - a)S. 

471 

Unauthenticated | Downloaded 05/17/22 12:20 PM UTC



Vol 50, No. 6,, June 1969 

Dp we need more specific 
radiation parameters for 
studies of biological 
processes? 
INGE DIRMHIRN 

T h e utility of the coefficient is discussed and it is shown to be a promising index of the 
thermal characteristics of irradiated natural surfaces. Application of the model to clear 
weather observations over bare soil, forest, and irrigated crops yielded respective X values of 
—0.15, —0.03, and 0.06. These appear to be typical values for the three types of surface. 
Our present information about the radiative energy in a plant or animal environment is based, in 
general, on measurements of either solar and scattered radiation (on a plane, horizontal surface) 
or on the net radiation. Radiation is seldom a limiting factor for plant growth in our temperate 
climatic zone. Therefore, general information of relatively low accuracy will suffice. 

When radiative energy becomes the limiting factor for plant growth, however, an exact 
determination is of significance. Exposure, slope, shape of the biological object, and spectral 
composition of the impinging radiation function in determining the radiative energy exchange. 
Usually individual radiation studies have then to be undertaken. 

Can we obtain a group of radiation measurements, that improve upon the conventional mea-
surements, but still general enough to satisfy not only the requirements of one but of most 
biologists? Can we, thus, increase the accuracy in correlations between biological limitation 
and physical environment studies? Can we obtain these additional measurements within a 
reasonable budget? Examples will be discussed. 

Flow of air, heat and water vapor in and above canopies and near windbreaks 

The relationship between 
surface shear-stress and the 
horizontal wind velocity 
over a grass turf 
WILSON B. GODDARD 

Aerodynamic predictions 
of heat, moisture, and 
momentum transfers 
W. 0. PRUITT, 

D. L. MORGAN AND 

F. J. LOURENCE 

Some aspects of air flow 
characteristics of simple 
canopies 
RONALD M. C IONCO 

Instrumentation used to measure the surface shear-stress, the horizontal wind velocity and 
atmospheric stability is described. Field data from 145 half-hour averages of wind velocity 
profiles, surface shear-stress and atmospheric stability obtained over a grass turf are computer 
analyzed to extract momentum transfer parameters. T h e least-squares fitting of the wind 
velocity data to the log plus linear equation is described including the problem of the proper 
introduction of the displacement height. T h e least-squares fitting parameters plus the 
measured surface shear-stress yield values for each half-hour period of the von Karman coeffi-
cient, the log plus linear curvature term, the universal function of Monin and Obukhov, the 
diffusivity of momentum and the roughness height. T h e results are presented as third degree 
polonomial equations as functions of atmospheric stability. Effects of data height truncation 
from 6 meters to 2 meters and the inclusion of the displacement height are shown to have a 
significant effect on the calculated momentum transfer parameters. T h e value of the von 
Karman coefficient is shown to be 0.4 at neutral stability but vary from about 0.7 to 0.3 with a 
change of atmospheric conditions from highly unstable to highly stable conditions. Values 
for the log plus linear curvature term are shown to vary from less than 1 to over 2, depending 
on the atmospheric stability. 
Flux-gradient data from 1966-67 studies at Davis are used to investigate the adequacy of 
diabatic correction expressions used in aerodynamic predictions of heat, moisture, and momen-
tum fluxes near the surface. Equations using finite difference expressions to estimate gradients 
at several levels above a grass turf are used to calculate necessary parameters and predict fluxes 
for comparison with measured values. 

Analysis of wind profiles and measured surface shear indicate a von Karman's constant close 
to 0.4. The Momin-Obukhov universal function, 0 M , was adequately predicted by 0 M = (1 — 20 
Ri)~ 1 / 3 for unstable conditions as far out as Ri = —4 indicating a greater dependence on stability 
than that suggested by the KEYPS profile. For stable conditions, however, the KEYPS expression 
of (pM = (1 -f 18 R i ) 1 / 4 was more appropriate. 

Using eye-fitted smooth curves for 0 W , 0 H , and 0 M , the ratios of K W / K M and K H / K M were 
determined as a function of stability. T h e former ranged from a high approaching 2 at the 
most unstable conditions to a value of 1.25 under neutral conditions. It did not reach unity until 
Ri approached 0.05 to 0.1 and appeared to drop rapidly thereafter. T h e pat tern for K H / K M 

was similar indicating near equality for K H and K w . 
Some effort has been expended in modeling air flow within and above simple roughness elements 
for neutral steady-state conditions. T h e modeling described an exponential relation of wind 
speed to height within the vegetation. It also verified that the logarithmic wind profile equation 
is a reasonable approximation above these roughness elements. 

T h e actual amount of flow data presently available in the open li terature for any given 
canopy, however, still remains inadequate for comprehensive statistical analyses. In spite of 
the size of the data sets, several characteristics of canopy flow parameters have been summarized 
for a variety of roughness elements. T h e following properties and characteristics were 
considered: shape of the unit canopy wind profile, intensity of turbulence magnitudes, a canopy 
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index, and the effects of density and flexibility variations upon the flow. Briefly, the analyses of 
several data sets can be summarized with the following properties. T h e profile shape is 
characteristic and best described by an exponential relationship. T h e intensity of turbulence is 
relatively uniform with height for several canopies, while the turbulence levels are higher within 
the canopy than above it. T h e canopy index shows good agreement for a wide variety of 
natural and artificial roughness elements and a dependence upon the element-density and 
flexibility and canopy-height wind speeds. 
T h e rates of evapotranspiration and photosynthesis are given as mass fluxes but thus far these 
rates have been inferred from exchange coefficients obtained from heat and momentum transfer 
processes. Difficulty in measurement of properties of the air and the significance which can be 
attached to gradients are such that a more direct approach to derivation of mass transfer 
coefficients is desirable. 

An artificial source and associated sampling and analysis system has been developed, using 
propane as the source gas. Concentration distribution about the source and an approximation of 
the appropriate solution of the combined convection-diffusion equation, permit calculation of 
exchange coefficients independently of measures of wind velocity. Thus far, it has been neces-
sary to assume equality of the exchange coefficients in the x, y and z directions. 

T h e exchange coefficient profiles show marked dependence on foliage distribution in the crop 
canopy. Local maxima and minima were found in the profiles of partly closed crop canopies, 
indicating the need for refinement of description and analysis of within-canopy momentum and 
mass transfer. 

Measures of horizontal wind speed showed the turbulent intensity to increase considerably 
within the canopy compared with the free stream above the crop. 
T h e three dimension transfer of heat and mass may be partitioned into measurable terms by a 
mathematical argument based primarily upon the principles, conservation of mass and energy. 
If an orchard is envisioned in a rectangular box, the heat and mass transferred through the 
facets of the box dictate the amount of energy (or mass in the case of sprinkling) that must be 
added to the system on frost nights to maintain a steady state environment within the box. 

T h e advection term of the mathematical model involves the product of wind velocity and 
temperature integrated over the vertical facets of the box. T h e integration over these areas 
requires knowledge of the vertical and horizontal profiles of velocity and temperature on 
typical frost nights. Some preliminary measurements with five sensitive anemometers indicate 
that the horizontal profiles are relatively linear, and will not require many samples bu t the 
vertical profiles of velocity seem to be more complex. A bulge in the profile near the ground 
is interpreted to be a jet of cold air that meanders beneath the major frame work of the trees. 
It is anticipated that the definition of certain persistent features such as this jet (perhaps 
kin to T . V. Crawford's Induced Flow (1964)) may suggest additional modification such as wind 
barriers designed to increase the effectiveness of heating, sprinkling or wind machine action. 
T o evaluate the influence of slat-fence windbreaks with various porosities on evaporation of 
water from wet surfaces, evaporation was measured with sensitive atmometers located from 6H 
(H equal height of windbreak) windward to 12H leeward of 2.44 m (8 ft) high windbreak. 
Evaporation, windspeed, and other concomitant micrometeorological measurements were made 
when the wind direction was perpendicular ± 2 5 ° to the windbreak. 

At the lower windbreak porosities the minimum leeward windspeed occurred closer to the 
windbreak and, after reaching minimum, tended to increase more quickly than the windspeed 
leeward of the higher porosity windbreaks. Minimum windspeed leeward of 60, 40, and 0% 
porous windbreaks occurred at about 5H, 3.5H, and immediately adjacent to the windbreak, 
respectively. At 4H leeward of the solid windbreak the windspeed had recovered to 70% of 
open field windspeed whereas at 4H leeward of 40 and 60% porosity windbreaks, windspeeds were 
25 and 40% of the open field windspeeds, respectively. Evaporation reduction by the wind-
breaks was proportional to windspeed reduction but smaller in magnitude. Fair agreement 
was found between evaporation measured with atmometers and evaporation calculated from a 
revised combination model for instantaneous potential evaporation rate. 
T h e influence of two-row corn windbreaks, spaced at 10 times the windbreak height, on the 
turbulent transport coefficient in the layer of air immediately above a sugar beet crop canopy 
was studied by means of an energy balance technique. Gradients of temperature and water 
vapor pressure were measured at three levels above the crop. When the Bowen ratio was the 
same in the two layers of air bracketed it was assumed that the measurements were repre-
sentative of the underlying surface. 

Under these conditions the turbulent exchange coefficients at 4 locations sheltered by wind-
breaks averaged 25% less than in the open field. 
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T h e decrease in turbulent transport accounts for the stronger gradients and higher values of 
temperature and humidities commonly observed dur ing the day in the area protected by a 
windbreak. T h e fraction of net radiation dissipated as latent heat depends upon the leaf and air 
resistance, the air temperature and water vapor pressure. T h e more efficient use of water by 
crops in a windbreak protected field is shown to be due to a favorable balance established 
among these various factors. 
During the last few years extensive studies have been made by the author of the aerodynamics 
of boundary layers which are disturbed by fences. From these researches the parameters 
have evolved which govern the opt imum spacing of shelter belt for given wind reductions, 
as well as of the turbulence. T h e relation between shelter belt shape and turbulence structure 
will be pointed out. T h e turbulence structure has considerable bearing on the nature and 
magnitude of the exchange processes of man and heat in the sheltered region. Some of the 
relations between evaporation and turbulence in the shelter belt wake are also discussed. 

Application of meteorological information to agricultural problems 

Meteorological services for 
the agri-business 
community 
T. L. NOFFSINGER 

The role of meteorological 
information in the 
management of 
agricultural production 
JAMES D. McQUIGG 

Eco-meteorology: weather 
factors in animal ecology 
WILL IAM J. FRANCIS 

In the field of agrometeorology considerable effort has been and is being expended in research, 
and there have been noteworthy accomplishments. Papers presented at the last several meetings 
of the Agricultural Meteorological Sections of the American Meteorological Society attest to the 
amount of research being conducted. T h e emphasis that has been concentrated on research in 
weather-crop relationships should continue. However, there is now a definite need to bring into 
proper focus the application of current, past, and predicted meteorological knowledge to 
operational decision making. T h e effort that can, or should be expended toward the broadscale 
application of meteorological information to agricultural operations has not been made and 
the problem has received relatively little attention. 

Dr. P. M. Austin Bourke, Director of Ireland's Meteorological Services, in a recent UNESCO 
publication stated that "the task of the agrometeorologist is to apply every relevant meteoro-
logical skill to helping the farmer to make the most efficient use of his physical environment 
with the prime aim of improving agricultural production, both in quanti ty and quality." 

Such a concept suggests the need to apply the findings from research in meteorology and 
agriculture and particularly research in agrometeorology to the farmers' planning and 
operational problems. 

Although the Agricultural Section of American Meteorological Society has been an excellent 
forum for the discussion of research and research results, it has not been widely used as a 
forum for discussions of broad scale application of those results to agricultural problems; i.e., 
meteorological services to agriculture on a state and /o r national basis. 

This paper discusses requirements for a national agricultural weather service and the problems 
involved in obtaining authorization and funds, as well as those problems associated with the 
implementation of the service on a state by state basis. 
Many things influence the outcome of food production, including physical, biological, political, 
economic and sociological forces. Interactions between events in the atmosphere and the 
physical/biological progress of major crops have properly been the major concern of agricultural 
meteorologists, and scientists from other disciplines. Physical and biological events are amenable 
to scientific inquiry, since they occur in a manner that is reproducible and subject to objective 
analysis. Political, economic and sociological forces involve decisions by man, which are 
important, but which do not have to be made in a reproducible, objective manner , and which 
are not readily subject to experimentation and analysis. 

If the large body of meteorological information that is being generated (or which could be 
generated, given funds and facilities) is to have a substantial influence on agricultural production 
it should be as complete and accurate as possible, and it also should be used by managers who 
have a sufficiently precise method of evaluating the information for their own purpose. 

Some examples of successful application of meteorological information in agricultural man-
agement will be given, together with some recommendations for more serious concern for the 
use of meteorological information in the future. 
A review of numerous ecological studies shows that biometeorological factors are of widespread 
importance. Vegetation, which is essential in providing both food and cover for wildlife, 
depends largely on weather factors. Insect distribution and abundance, also depending on 
the weather, are often of vital importance, especially to nestling birds. Behavior, movement 
patterns (including migrations), reproduction, energy balance, physiology, and mortality are 
all affected by macro- or micro-meteorological factors. I t is necessary to take into account many 
different weather parameters in ecological studies, al though in the past this has rarely been 
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done. Among factors which have been found to be important are air temperature and humidity, 
including their vertical distribution; soil temperature and moisture distribution; amount, type, 
and distribution of precipitation, including drought, floods, and snow cover; long and short 
wave radiations from sun, sky, and environment; three-dimensional wind structure, vertical 
wind profile, and turbulence factors. Measurements of these factors may be required from 
macro-scale down to the ultra-micro-scale. Other factors may be important, such as barometric 
pressure, Sun and Moon data, geo-physical parameters, and synoptic weather patterns. T h e 
term "eco-meteorology" is proposed for studies comprising the above effects. 
T h e R index, the ratio of actual to potential evapotranspiration, and the Beta distribution of R, 
which is defined as: 

where 
p(p,q) = /V>(i - ty-nt J o 

= T(p)T(q) 
r (p + q) 

and r is the usual gamma function. T h e index is used as a tool to estimate crop yield, irriga-
tion requirements, and agricultural land uses. Relationship between corn, wheat yield and the 
R index (moisture stress variables) were studied for Ames, Iowa and Central Nebraska. Critical 
growing stage water requirements for these two crops were investigated. T h e chances of 
irrigation needs during the critical period were analyzed. T h e importance of an appropriate 
land use in relation to food supply is discussed. Climatic analysis on the African ground nu t 
scheme shows that miscalculation on land use can be prevented. 
Water balance calculations were performed for over 200 stations in the United States. T h e 
model used for Potential Evapotranspiration was based on temperature and relative humidity 
data. T h e actual evapotranspiration model was based on experimental data relating soil 
moisture to evapotranspiration rates from different climatic regions. T h e water balance was 
evaluated for monthly means and for monthly data for individual years. T h e distribution and 
variability of some climatic indices obtained from the water balance calculations will be 
presented. 
Requirements for measurements of energy and moisture integrated over operational areas of the 
soil-air-plant complex will be presented; capabilities for measuring the environmental factors in 
this complex will be discussed, along with the response characteristics of the plants themselves to 
these factors. Progress in relating satellite and airplane measurements to ground observations 
will be reviewed. Possibilities of supplementing or replacing conventional sources of data 
will be considered as they relate to irrigation needs, insect and disease outbreaks, stage of crop 
development and potential yield. T h e reduction of sampling error through wide angle viewing 
(compared with point measurements) will be stressed. 
A light, single-engine aircraft instrumented to measure air temperature and radiation tem-
peratures of the Earth's surface has been used successfully to identify several prairie oases. 
Climatic discontinuities produced by irrigation, agriculture, and prairie lakes have been 
observed. Air cooled by passage over these oases was measurable and surface radiation 
temperature differences between dry and moist areas were large. Under the most extreme 
conditions measured, air cooling of 3C was noted up to 120 m above Lake Pakowki in South 
East Alberta and this cooled air often persisted u p to 10 km down wind from the lee edge of 
the lake. Surface temperatures of the surrounding land varied greatly bu t occasionally were 
28C warmer than the lake surface. Air temperature profiles obtained near an agriculturally 
complex area show the heating and cooling of the atmospheric boundary layer due to surface 
heating and cooling. Up to 2.0C of heating and 3.0C of cooling of the air near the surface 
were measured over agricultural and non-agricultural land. 
Harvest dates of many annuals such as peas, beans, sweet corn etc., can be controlled to a 
certain extent by scheduling planting dates, using the heat-unit or growing-degree-day ap-
proach. Except for varietal selection and certain chemical applications on some crops, very 
little can be done in controlling maturi ty dates of perennial crops such as apples, pears, grapes 
etc. Maturity of most, if not all, perennials varies from season to season as does the weather. 

Opt imum maturi ty of the Concord grape in southwest Michigan can vary as much as three 
weeks from one season to another. This leaves both the processor and the grower with the 
perplexing problem of the uncertainty of the opt imum harvest time of the current year's crop. 
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Processors and growers need a certain amount of time to prepare for the harvest. T h e 

processor must ready his plant for receiving grapes. This also means scheduling extra man-
power. The grower faces similar problems. 

Forecasts of the optimum maturity date of the Concord grape, with a lead time of 60 
days, have been issued for the past nine years for the Concord grape industry in southwest 
Michigan. Verification has been within ± five days in eight years out of the nine. Six years 
out of nine, verification was ± two days. T h e forecasts are based upon the heat-unit or 
growing-degree-day approach, prepared from daily temperatures obtained in the grape producing 
area during the growing season. 

A 60-day lead time gives processors and growers adequate time for preparation of harvest. 
Since grape harvest occurs in the fall season, a maturity data forecast also provides the industry 
with a "risk factor" as to possible loss of crop due to fall freezes. 

Criteria for maturity of the Concord grape, and formulas developed for forecasting the 
maturity date will be discussed in this paper. 
It is economically important to know the time interval between shot (blossom) and harvest of 
banana stems. Average number of days are presently used with limited success. In an effort 
to reduce the errors in present prediction methods, correlations were made between maturity 
interval and various biometeorological factors. A sample of 200 stems of bananas harvested 
in the Sula Valley of Honduras, C. A., were used, with fifty stems from each quarter of the 
year. Data was analyzed to provide regression equations as follows: 

Y m a + bXi i = 1 ,2 ,3 . 
where Y = total weeks 

= day length in hours 
X 2 = degree days base 65 
X 3 = Effective Heat Unit using 65F as the lower cardinal temperature and 85F as the 

optimum cardinal temperature. 
Multiple correlations were also obtained as follows: 

Y ^ a + bXi + cXi + l i = l, 2. 
Data were analyzed by quarters and for the entire year with the following results. For the 

simple correlations the highest (0.991) was obtained using total hours of possible sunshine 
(day length) for the spring (March-May). Data for the multiple correlations show that day 
length and degree days give the largest increase in R 2 in fall and winter, while day length and 
EHU give the largest increase in spring and winter. From these analyses it is apparent that 
yard length and/or hours of sunshine exert considerable control on the length of the banana 
maturation period with temperature exerting a lesser degree of control. 

Relation of meteorology to pollution, fire, hail, and wetting of vegetation 

Drift resulting from pesticide spray operations is an environmental contaminant and potential 
hazard. In order to quantitatively evaluate the relationship between a source and the extent 
of its contamination, it is necessary to measure the downwind amounts of pesticide that are still 
airborne as well as the deposition on the ground and foliage. Furthermore, it is also neces-
sary to quantitatively characterize the droplet size parameters of these airborne and deposited 
amounts in order that the results of any given field test be extended for use in a general 
evaluation of the drift problem. A simple tracer technique to measure the required charac-
teristics of the spray drift is described. 

The fluorescent particle (FP) spray tracing technique essentially consists of adding a known 
number of insoluble, micron-sized FP to the pesticide liquid prior to the spray operation. After 
spraying, the samples of artificial or natural surfaces are assessed. The number of FP grouped 
within an individual droplet pattern determines the droplet volume, and the total number of 
FP present represents the total mass of pesticide present in the sample. Also given are the 
results of field tests in which collections of droplets with an MMD of less than 10 /x were obtained 
at distances up to 4 miles downwind. Airborne dosages as low as 10~10 (g-min./l) Avere also 
measured by the FP spray technique. 
The deposition of radioiodine on grass is being studied at the National Reactor Testing Station 
in Idaho to evaluate the potential radioactivity hazard, transmitted through the human food 
chain, of this by-product of nuclear reactor operation. Both field and laboratory experimental 
measurements of deposition have been made under selected conditions so that deposition 
processes may be studied. Measurements included mass transfer in the form of a velocity of 
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deposition, profiles of radioiodine concentration in air, deposition profiles within the grass 
canopy, momentum transfer through the surface boundary layer of the atmosphere, areal grass 
density and stomatal transfer. 

Laboratory experiments and field measurements from 18 releases of radioiodine show that 
deposition can be expressed in the form 

1 vd: 
IL + + R U*2 AU* 
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AND BILL C. RYAN 

where Vd is the velocity of deposition (amount deposited on grass per unit plane area/air concen-
tration of radioiodine), U* is the friction velocity, U is the mean wind speed and A is the ratio 
of leaf surface area to plane surface area. K is a factor which is dependent upon the attenua-
tion of momentum and grass transfer within the grass canopy. R is the resistance of the grass 
surface to deposition. 
Water and water vapor have not to date been considered air pollutants. T h e object of this 
paper is to outline potential areas of air pollution and the subsequent environment effects 
associated with water cooling tower plumes and the enormous quantities of heat and water 
vapor released to the atmosphere. 

T h e ever increasing demand for industrial cooling water, in conjunction with the limited 
supply available, indicate a definite trend towards increased popularity and use of cooling 
towers especially in the electrical power generation industry. Current trends are towards siting 
these generating units rurally and remotely from urban and industrial areas. 

Pollution aspects of cooling tower plumes, carry over and drizzle precipitation are discussed 
in addition to the potential increased frequency of local fog formation experienced. T h e 
possible interactions of plume vapor and droplets with other particulate and gaseous pollutants, 
especially S 0 2 from a coal fired power station are included. Ground level effects on flora 
ecology are outlined. 

Little information is currently available and a coordinated research effort is desirable to 
assess the magnitude and spheres of influence of these environmental effects and their relative 
importance. 

Fighting a wildland fire has often been likened to fighting a military battle. Also, as in 
military battles, casualties can sometimes occur. Such was the case in the Canyon Fire on 
Saturday, 24 August 1968, when about 1126 PDST, seven Los Angeles firefighters and their 
foreman were overrun by a fire flare-up and fatally burned. 

Detailed streamline analysis of the winds in the Los Angeles Basin indicates that the sea breeze 
reached the disaster area, retreated, then moved back into the disaster area near the time of 
the accident. These fluctuating winds combined with unstable atmospheric conditions and 
high fire danger index produced a situation very conducive to sudden flare-ups of the fire. 
In addition to the critical weather situation the hazard to the firefighters trying to control the 
fire was materially increased by the heavy accumulation of very dry fuels. 

T h e crew that was killed was caught in a fire flare-up while they were working along the wall 
of a steep ravine. This flare-up was triggered by a fire whirl which established fire in the ravine 
below the crew. T h e whirl appeared to have been caused by a sudden and local increase in 
the windspeed or other disturbance in the airflow. 
Changes of windspeed and direction are of great importance to forest fire behavior. This is 
especially true along coastal ranges where sea-breeze maritime air meets foehn-wind continental 
air. Ability to predict changes in winds can be of vital importance. T o understand how 
these changes occur, the three-dimensional structure of the Santa Ana winds of Southern 
California is being studied. T h e study which this paper describes was done to obtain a 
vertical perspective of Santa Ana winds in a canyon. 

An instrumented aircraft, a GMD-2 rawin set, two double-theodolite pibal stations, and 
recording surface weather stations were used to obtain data during three cases of light Santa 
Ana winds. T h e data were taken in the San Antonio Canyon in the Angeles National Forest 
of Southern California. Vertical cross-section isentropic and streamline analyses of the three 
cases were made. 

T h e streamline analyses give unique presentations of the relationship of the surface winds to 
the horizontal and vertical winds above the surface. They reveal clearly the significant dip of 
the wind field down the lee side of the range even under relatively light wind conditions, and 
how opposing wind systems interact on the lee side to allow rapidly changing surface winds. 
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Hail instruments and hail 
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A new approach to an old 
technique for measuring 
and recording the wetting 
parameter in 
vegetative covers 
D. R. DAVIS AND 

JERRELL E. HUGHES 

A principal problem facing the agriculturist in the study of hail damage to crops has been the 
lack of instrumentation that would provide objective measurements of hail. T h e crop-hail 
insurance industry and those involved in hail suppression projects also have recently faced 
the need for instruments to sense hail and record the hailfall parameters that produce crop 
damage. This paper will review the hail instrumentation developed in recent years, and also 
will present comparisons of crop loss with various hailfall parameters as measured on various 
hail-sensing instruments. 

T h e principal instrument for sensing hail that has been developed and widely used during 
the last 10 years in Oregon, the Great Plains, and Illinois is the passive hailpad consisting of a 
flat platform ranging from 36 to 144 in 2 in size and wrapped with a luminum foil. T h e small 
cost of this instrument is an advantage, but stone sizes and energy values derived f rom it are only 
estimates and the time and duration of hail is not known. T h e use of it and other more 
sophisticated passive hail sensors alongside recording raingages to obtain hail time is discussed. 
Two recording hail instruments have been developed in the past 3 years in South Dakota and 
Illinois. Both measure and record the number of hailstones, their size, and their momentum 
against time, and their advantage and limitations as to cost, operation, and resulting data 
are compared. 

Three years of operation of the 200 hailpads and 15 hailgages alongside crops in a large 
rain-hail network in central Illinois have furnished data that allow comparison of the various 
hailfall parameters with the amount of crop-hail damage. These results indicate that damages 
to corn and wheat are closely related to the total volume of hail, whereas damages to soybeans are 
most closely related to the amount of energy imparted by the hailfall. Stone sizes and hail 
duration are not closely related to crop damages. 
Dew and other forms of vegetative wetting are significant agri-meteorological parameters which 
have been difficult to evaluate with formulae or to measure with instruments with sufficient 
accuracy for practical application. Evaluation and measurement are complicated because of 
the fact that wetness varies greatly in amount, time of beginning, and time of ending, with 
location in and about vegetative covers, and because of the variety of meteorological phenomena 
producing the wetness. 

A wetness measuring system which is operational at the North Florida Experiment Station 
is described. It yields records indicative of vegetative wetness, in both durat ion and quantity. 
Small electrical resistance sensors, treated to give a high degree of moisture sensitivity are 
placed over and through the vegetative cover. T h e resistance of the sensors is sampled 
periodically by a timing device which allows a momentary flow of electricity to the sensors. 
Current flow through the sensor is determined by the amount of wetness and is recorded on a 
strip chart by a graphic ammeter. Provision is made for calibration so that the quantitative 
wetness is indicated by the length of the recorded resistance impulses. Wetness duration is 
determined from the beginning and ending of the recorded impulses, and the known chart 
speed. A stepping switch mechanism makes it possible to identify differences in the onset, 
duration, and amount of wetting at the various sensor locations. 

T h e correlations of recorded sensor wetness with wetness measured on the leaves of various 
field and vegetable crops as well as the correlation of sensor dry-off with crop dry-off are 
presented. 

correction 

In the May issue of the B U L L E T I N (Vol. 50, No. 5, page 330), the two photographs were 
transposed. 
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Photograph by Dr. Bradford Washburn, Boston Museum of Science 

CAUSES OF CLIMATIC CHANGE 
METEOROLOGICAL MONOGRAPHS, Volume 8, Number 30 

Price: $15 nonmember 
$ 8 AMS members 

Covering the broad areas of climatic deter-
minism, atmosphere-ocean-ice cap dynamics, 
and astronomical factors in climatic change, 
the monograph presents an equitably balanced 
and logically progressive overview of the 
problem of climatic change. I t highlights the 
significant shift in recent years from the earlier 
and relatively passive role played by the 
climatologist in paleoscientific research, in-
volving reconstructions of climatic history 
from veritable floods of information from other 
disciplines, to one in which basic patterns of 
planetary circulation and climate consistent 
with a specific matrix of conditions at the 
earth's surface can be determined through 
numerical modeling experiments. That there 
still remain many questions and conflicts, 
however, in the ultimate reconstruction is 
quite apparent from the many climate-regu-
lating theories which are presented. These in-
clude ocean properties and currents, volcanic 
activity, continental drift, earth-orbital rela-

160 pages (clothbound) 

tionships, C 0 2 content, solar output and 
cosmic debris, among others. 

CAUSES OF CLIMATIC CHANGE, a major con-
tribution to paleoclimatology, will prove to be 
an indispensable reference, not only to the 
specialist, but to a broad and interdisciplinary 
spectrum of scientists and students alike in 
such relevant fields as meteorology and clima-
tology, physical and chemical oceanography, 
tectonics, volcanology, geochemistry and solar 
physics. 

Published by special arrangement between 
the American Meteorological Society and the 
U. S. National Committee of the International 
Union for Quaternary Research (INQUA) as 
Volume 8, Number 30 of Meteorological Monographs and as Volume 5 of the Proceed-
ings of the Seventh Congress of INQUA. 
Organized as part of the Seventh Congress of 
INQUA in Boulder, Colorado, August 1965, 
and cosponsored with INC 
Center for Atmospheric 

)UA by the National 
Research. 

Edited by J. Murray Mitchell, Jr., ESSA 
Send orders to: American Meteorological Society, 45 Beacon St., Boston, Mass. 02108 

Bulletin American Meteorological Society 479 
Unauthenticated | Downloaded 05/17/22 12:20 PM UTC




