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This is an interview with Norman Alton Phillips, the narrator. The 
interviewers for the time being are Tony Hollingsworth from ECMWF 
(European Centre for Medium-Range Weather Forecasts) and sitting next to 
Norm, Akira Kasahara. Norm, I guess you have read the documentation and 
you know roughly--

Yes, Warren sent me the package.

--know these things. We'd like to begin with your early life. You were born in 
Chicago in 1923, grew up there. Was there anything in your family 
background or in your school background that inclined you toward science?

Strictly speaking - not. Things which gave me a leaning in that direction I 
think were two. My parents took me to the home of a friend who was a 
microbiologist or some kind of biological scientist and he let me peek through 
his microscopes at fascinating colored slides of animals, plant material. Then 
the boy next door, who was about six years older than me, gave me his 
chemistry set, which he had gotten bored with, and I was fascinated by that. I 
went to the library and learned all about chemistry that way. So that's how I 
got interested in science.

What sort of family background did you have?

All my grandparents are from Sweden--were immigrants from Sweden. My 
father's first job was as an accountant for the Illinois Railroad but he was laid 
off at the beginning of the Depression. He then eventually became a traveling 
salesman in spite of what had been a tremendous shyness on his part - he 
overcame that. And then he became a partner with and eventually ended up as 
the sole proprietor of a funeral business, funeral undertaker in that part of the 
south side of Chicago where we lived.
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My mother--both my mother and father had only high school educations. My 
mother worked as a seamstress for a while before she got married, but 
otherwise was just a homemaker.

I see. Did you have brothers and sisters?

A younger sister, two years younger than me, Alice. She started out in science 
also and went to the University of Iowa for several years. Got married during 
the war, became a homemaker, then went into ceramics, and has only recently 
backed out of that field.

I see. How about hobbies when you were a lad?

Main hobby was for a long time chemistry. When I got to high school I knew 
whatever was going to be taught to me in chemistry and eventually got bored 
with chemistry in the first year or two of college. I took piano lessons. I got 
introduced to the French horn when I started high school and that's been an 
intermittent love and commitment of mine ever since. I think I dallied with 
stamps, but very, very briefly as a ten or twelve year old. Other than that it 
was sports. Not too much girls until I was about seven or eight. [Chuckle] I 
think I was about fifteen - no thirteen - when I had my first date.

I see. One of the things that has always struck me about you is that you're a 
very deeply conscientious and very hardworking guy. Does that come from 
your family background?

I suppose so. I don't know what else to blame it on or to ascribe it to. The 
Swedes - Swedish community in which I grew up, I realize in retrospect, was 
an extremely conservative one and they've gotten more conservative as they've 
aged. But with that conservatism went a certain acceptance of the fact that you 
had to work hard and so forth.

What was it - a religious family?

We all went to a Swedish Lutheran Church. My mother sang in the choir. But 
I would say basically not. I think my father was an agnostic as may have been 
my mother. I'm an atheist, I guess.

How about your teachers at school? Were there any of those who 
[interruption]

They were all very good so I don't, I can't pick out any particular ones. I
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enjoyed the teachers; I enjoyed school. In retrospect, maybe at that time I 
didn't. I think I enjoyed it. It was easy - I didn't have to do any real studying
until_I should have studied in my first year or two of college but I didn't. I
didn't really study until I joined the Air Force Meteorology Program in World 
War II.

How did you come to join that?

Well, the war had been declared in December and all I was doing at that time - 
December of '43 -Pearl Harbor....

'41.

'41, I'm sorry, '41. They had a weak ROTC at the university at that time. I 
joined that but I realized that wouldn't do very long and I heard of the 
Meteorology Program at the University. I didn't know anything about 
meteorology, I think I could have spelled the word. But, for example, I had no 
idea that I think of anything as simple as the fact that if there was a north wind 
blowing for several days in Chicago that meant that that air had come from 
central Canada. I never made that connection.

I was the only one in my fraternity who joined this program. I was very lucky 
because I was at the University of Chicago and that was one of the few places 
in the country that had that program.

Was it fortuitous that you joined the meteorology part of the ROTC or was 
there something that drew you in there?

Well, it wasn't part of the ROTC but if you agreed to be drafted and....but your 
records were understood to be marked that you would be sent to the 
meteorology training program. That was the only interesting program I knew 
of. Otherwise, it was just be drafted and who knows what would happen.

So once you joined that program, what happened then?

We had two rainy, cold months in the winter of 1942-43 in Keesler Field, 
Mississippi-Basic Training. Then we went to the University of Michigan 
where there were about 500 of us in what was called pre-meteorology. We 
were students who had not had a sensible dose yet of mathematics, calculus, 
vector analysis or physics. So the first three (3) months were spent giving us a 
very heavy dose of that. Then in that summer, which must have been the 
summer of '43, we were sent to meteorology school. I'm not sure all of the 
class ended up in meteorology school because by the time I graduated from
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meteorology school a year later, the Air Force didn't need very many 
meteorologists and there were very few of us who ended up as meteorologists.

So you graduated then i n ....

They sent me to Chanute Field which is in Rantoul, Illinois - close to where the 
University of Illinois is located in Champaign.

And then once you finished that basic stuff while training in math and physics 
and synoptics, I guess, you were assigned to....

Well, we were given, we were assigned to the active Weather Service 
squadrons or stations. I went first to McCook Field in Nebraska for a month. 
This was a training base for B-29's which, if I remember right, until that time 
had not yet been used in combat. There is where I remember distinctly one of 
the pleasures of that month was that I first encountered a steak that was more 
than a quarter of an inch thick. I remember what that looked like more than I 
remember what the B-29s looked like.

Then I was sent to Grenier Field in New Hampshire which is just south of 
Manchester. Somewhat amusing because that's where I now live - across the 
Merrimack River from Grenier Field. This was the headquarters of the Eighth 
Weather Squadron and they serviced the airfields in the North Atlantic that 
were used primarily for ferrying planes, fighters and cargo planes, and generals 
-both U.S. and captured German generals -across the Atlantic.

I was fortunate that the head of that weather squadron was Arthur Merewether 
who had been head of meteorology for American Airlines and I believe he still 
was after the war. I was sent to a station in the Azores where we had to 
consider the weather over the entire Atlantic Region in order to service the 
flights that came to and left the Azores.

It must have been very difficult forecasting in the Atlantic at that time. Were 
there any weather ships?

There were weather ships until VE Day - they were coded. But the codes were 
rather simple as I remember and I suspect that the weather ships were there 
because the Germans knew how to break the code, and they got the weather 
reports as well as the Allies did. Otherwise, we did get some weather 
reconnaissance reports. Mostly the ones we used were those from our own 
U.S. weather recon.

Did you ever go on any of these recon flights yourself?

4



AMS-TRIP: Phillips

Phillips:

Hollingsworth:

Phillips:

Hollingsworth:

Phillips:

Yeah, I went several times. It was there that I met Joe Smagorinsky and I 
substituted for him once or twice, I believe. I don't know what he did when I 
substituted for him - I don't think he went to the weather station. But it was 
very impressive to ah, you know in school we'd seen these weather maps and 
you could see a front on the weather map. Cool air and warm air, wind shifts. 
But you were not that much....quite that much impressed by the usual fronts as 
they passed you on the ground. But when you're traveling through a frontal 
zone at, I suppose 150 miles an hour, things are compressed a lot more and you 
could really see what was a discontinuity. Showers, wind shift - you could see 
the winds by the foam on the waves. In fact, we took reports where the pilot 
would, I guess, fly a triangle and give us some kind of measurements of drift 
and we would use those to derive a wind - drift winds. It was very interesting.
I think the entrancing thing about it was that you saw what was happening over 
what is a large area of the globe. And at that time, you know we didn't think of 
seeing the whole earth, like from a satellite. We were seeing it over an area 
that was larger even than the Weather Bureau forecasters were used to doing 
over North America. And occasionally you would see something go by you 
locally that you would have to try and unravel in terms of the models that 
you'd been exposed to in forecasting school. And we had some good teachers 
there.

This would have been the Norwegian model I guess.

Yeah, the frontal model. I remember once how proud I was in the winter when 
we had a front pass and within 20 hours the wind backed around to the 
southeast, then to southwest and to northwest and although we were a single 
station out in the middle of the Atlantic, I felt I was entitled to send out that 
particular five figure code which said the front has passed - the cold front has 
passed. But it was very challenging. It was challenging in that you knew that 
you had to think a lot when you were on the job. There were some near 
misses. I remember once one of the planes for which I gave a wind forecast 
got blown over the Normandy peninsula at the time the Germans were still in 
charge of St. Lo and they were shot at - a passenger plane! Another time, I 
sent a flight to Newfoundland, and Gander zeroed in and I wasn't sure myself 
whether the plane had enough fuel to go on to Stevensville on the other side of 
the island. There were tense moments.

Yeah. Marking the PNR - point of no return - on a flight was always a hair- 
raising business. So you continued in that then up to some time after the war, I 
guess. Continued with the air weather service.

Well, I was still in the Air Force at the time of VJ Day. Martha and I had
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gotten married just a few days before VJ Day. We didn't in fact realize it was 
VJ Day because our honeymoon overlapped with VJ Day and we weren't 
reading any newspapers at that time. We saw all these people dancing around 
and church bells ringing, kissing one another. Had to ask someone what was 
happening. They told us the Japanese had surrendered. And then I was 
transferred to an administrative position in the Eighth Weather Squadron, I 
guess, because the senior forecasters who had been in those positions were 
being discharged earlier than I was as a younger person. I was put in charge of 
communications. So I had to learn codes and communication circuits, things 
like that.

I see. So when finally did you leave the Air Force?

I think in August of '46.

So you presumably had decisions to make at that point, about careers....

Oh, yeah. I think I had decided already in the Azores that I was going to go 
back to school. But instead of chemistry, which had already become very 
boring, I was going to take meteorology. At that time I remember thinking that 
the obvious way to improve forecasts was with statistics. And so one of my 
first, when I got back to the university, that was one of the courses I signed up 
for. It wasn't easy to sign up for courses because there were a lot of returning 
GIs, the classes were full, and a lot of the professors, I think especially the 
young ones, were very protective of the possibility of diluting the caliber of the 
students. So I had to argue, for example, with a professor that I would 
probably be able to pass the first course in mathematical physics at the 
university. This was taught by physicists at the University of Chicago. The 
mathematicians at the University of Chicago had nothing to do with applied 
math. I suspect they probably still don't. And I was fortunate I took statistics 
from Tjallings Koopmans, a Dutchman. I actually took class notes and got 
paid for it, ran them off on a little hectograph. I think he later on was - he got 
the Nobel Prize for Economics. But all I remember from him mostly is the 1/n 
factor in the standard expression for the standard deviation and things like 
that....sampling theory.

So when you went back to college you still had to finish your BSc, I guess.

Yes. They gave me credit for about one additional year, so I had three years of 
college credit. So I got a BS after the first year back at the University.

Was there any meteorology in that?
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Phillips: Yes, there was. I took several courses in meteorology. Dynamics, taught the 
first semester by Victor Starr who was....well, did you take courses from him at 
MIT?

Yeah.

Then you remember he...then you have met him at least?

Uh hum.

Very methodical, clear-cut lecturer and according to George Platzman's 
reminiscences that I've read, Victor was far ahead of his time in relating things 
like the finite difference Laplacian of the geopotential to relative vorticity, 
things like that.

Oh, so those ideas were novel at that time.

Oh yes, definitely.

Who were your other instructors in meteorology at the undergraduate point?

Horace Byers gave a course in physical meteorology and there was another 
course from Bellamy...! don't remember exactly what I got the first year,
Tony. I'm mixing them all up.

Then in '47 you would have started the post-graduate....

Yes, but there was no clear-cut line between the courses. No one really knew 
very far in advance which courses he would be taught in any given semester.

Did you get any courses from Rossby?

Yes, except it was clear it was a .... this was when I had been there three or 
four years and he would, I think, tell us whatever he had been thinking about 
himself - either the previous night, previous day or in the previous several 
months. During the time I was there, for example, Palmen was one of the 
visitors. Rossby had a lot of visitors, especially from Europe. At this time the 
jet stream was being analyzed intensely by the Chicago school. Rossby talked 
about mixing of vorticity versus the mixing of angular momentum. He used 
and he also introduced us to some of the oceanographic things that he had done 
in the late thirties, two level models and we studied....towards the end of that 
period we would read Kahn's paper on adjustment - geostrophic adjustment.
We didn't get exposed to all of Rossby's papers, I think partly because he was
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not that methodical a person, although I think we could have learned. We took 
dynamics, for example, also from Dave Fultz, who was also very methodical 
but he concentrated on going over about fifty percent of Horace Lamb's book. 
Much of which has turned out to be good to know in the interim, but probably 
was not as exciting as would have been having to read the series of papers 
Rossby wrote when he was at MIT and Woods Hole.

You would have studied the famous paper on the centers of action, then?

Oh yeah, we did that one. But not the oceanographic ones or too much on 
adjustment.

There was a famous controversy between Palmen and Starr in the early fifties. 
When did that start up?

Well it must have begun at the university in the time I was there. Starr - the 
controversy you are speaking of is the one where Starr thought the general 
circulation ... that almost all aspects of the general circulation ... and obviously 
simplifying things--could be explained by horizontally acting eddies. Palmen 
on the other hand preferred to emphasize the role of the classical meridional 
circulation, where zonally average(d) south to north velocity components that 
would be transporting heat and momentum. Much as had been described in the 
Physikolische Hydrodynamik, the Norwegian bible. Palmen eased off on 
this and eventually Starr wrote a short article in, it was published in, I think it 
was still The Journal of Meteorology, yes, in which he essentially outlined, 
as if no one else had ever done it, what happens in a cyclone when cold air 
masses move equatorward and warm air masses move northward and there is 
overturning in the east-west plane. Some of that might spill over into the 
north-south one. So I think they both realized that there was something to be 
seen in the other view.

The other controversy that I knew about was between Rossby and Bjerknes. 
Bjerknes had come out with his isobaric channel theory of what made cyclones 
move and develop. And, while we were told that that theory existed we were 
never expected to understand it or try to understand it. Rossby put all his 
emphasis on the windfield and vorticity. As is also the case with Palmen and 
Starr, nowadays we would tend to blend those views.

You did your master’s thesis with Palmen as a supervisor and then you started 
in on your PhD. work, I guess.

Oh no - there was a long time in between. I did the master’s thesis in '48. It 
was a synoptic paper describing the subsidence of a cold dome with Palmen.
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Then I worked for a year and one-half to two years with Kuo on a Navy 
research project that Rossby had. Mostly under my own - I was doing my own 
things, as was Kuo in that time. I was doing relaxation and learning about 
relaxation and Southwell's technique. Kuo was writing his Doctor's thesis on 
barotropic instability. But towards the end of that period Rossby, I suppose, 
had to produce something for the Navy for paying us our salary and had me 
publish, pretty up and write a paper on some of the cross-sections that I had 
been drawing on the 80th meridian. I think I drew a whole winter's worth of 
cross-sections. Many of them in a rather sketchy fashion and I remember 
Rossby's shudder at the appearance of some of the cross-sections. So I learned 
quickly to draw them nicer. The jets were more complicated than the simple 
picture that had previously existed. Palmen together with his student, Newton, 
(and so forth), usually waited for the most clear-cut case to draw because they 
were after all proselytizing a new concept that there was this jet, in Palmen’s 
view, connected and indistinguishable from the main polar front. The main 
polar front was still a mysterious concept whose explanation had not 
progressed beyond Bergeron's ideas. So, there was some usefulness to this 
more detailed picture of little jetlets.

There was a peculiar phenomenon in that paper that the jets seem to 
continually migrate southward if I remember - or maybe it was the other 
direction.

Yeah, I often wondered about that, both then and since occasionally. I suspect 
it must have something to do with the .... either drawing them at various 
positions with respect to the trough. It must be that on the ridge they're harder 
to locate.

So when did you get going on your thesis then?

I think it was about a year before I graduated. I remember thinking that, as I 
recorded elsewhere in this talk that I gave at NMC, that why not take 
Charney's paper -- you see, there was very little literature. You had the 
Quarterly Journal, the Journal of Meteorology came out - the Quarterly 
Journal was only four times a year - and there was the German journal which 
at that time, in the late forties, was really not accessible to us as Germany had 
not recovered that much from the war. Rossby was just starting up Tellus. So 
there were very few journals we had to read so we were easily able to keep up 
with many things. Even not necessarily in your own specialty. I don't know 
who drew my attention to Charney's paper in Geofysiske Publikasjoner. We 
knew of his thesis, although I don't think anyone perhaps except Kuo, either 
graduate or faculty, really read Charney's thesis. Perhaps the other Chinese - 
T.C. Yeh - probably read it and understood the mathematics of it. But Charney
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presented this recipe for how to predict large-scale motions. This is about the 
time that the first barotropic forecasts were made, so it seemed like it was 
going to work and so I had this idea, why not try a simple baroclinic model?

So before you started work you knew about the Charney work on the ENIAC 
and von Neumann?

I'm not sure, and if I were to delve into it I would have to .... let's see, that 
came out in '49. Of course, yes, I must have known about it.

Now what motivated the two-layer approach?

I had just seen Rossby use such kind of models in his lectures and then I 
remember Eady's paper came out while I was working on my thesis and I got 
the idea to convert from the finite .... from the two-layer aspect to a continuous 
model by matching up the different parameters in the instability formula for ...

But there was no idea at that point of interpreting the two-layers as vertical 
kind of differences.

No. Jule suggested that. I think in the, must have been the summer of '52, I 
remembering getting a letter from him when Martha and I were in Chicago on 
vacation after I had been at the Institute for most of the year -- in which he 
suggested that that might be a more fruitful way to look at a two layer model, 
and it certainly is.

So in your thesis then, if I remember well, you formulated a two-layer model, 
you studied its instability characteristics, derived those, and they seemed to 
match rather well with Eady's.

Yes.

There was [interrupted by Phillips]

The beta effect was not in Eady's paper directly at that time, or otherwise.

No. So that thesis then must have got written rather fast.

Well, I don't think it got written as fast as yours did.

No - nevertheless it was....you started to work and you finished it one year 
later.
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Yeah, but I suppose I had been thinking about such matters for the previous 
two years and reading about them and so forth. It really was not that much of a 
flight of imagination. And in fact, two-layer models, several two-layer models 
came out in the following year.

So you graduated from Chicago then in 1951 and you had no problem getting a 
job.

No. Although I suppose a certain amount of inertia on my part or diffidence or 
shyness, I think I was - up until fairly close to graduation - I was expecting to 
apply to the weather service for a job. But George Platzman -well let's see.
Oh yes. I had participated with George in the second ENIAC expedition 
sometime probably in the spring of '51. So Charney knew me and I had had an 
opportunity in early '51, before I heard the Eady paper, to present my ideas to 
members of a brief meeting with Rossby and Charney in attendance, and told 
them that I was having difficulty. I wanted to get the instability formula but 
the fact that the coefficients depended on y presented mathematical problems 
that I didn't think I could solve and they said "well, why do you have to allow 
for that." They more or less encouraged me to be very bold with that one.
Then the instability formula came right out and then it was possible to compare 
that with Eady's. The things that I short-circuited in that way later on were the 
things that should have been short-circuited according to the formal quasi- 
geostrophic theory.

Were you astonished? Because I certainly was astonished that such a good 
match was possible.

I remember being elated. I don't think I was astonished but I remember being 
elated. It did work nicely with the Eady stability formula. Perhaps the 
astonishment first came when I first read Eady's paper and I could see the 
stability diagram.

Because you'd already worked....

I'd already gotten a similar diagram.

I see. This might be a good place to pause and flip the tape.

END OF TAPE 1, SIDE 1
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We are continuing the interview with Norm Phillips on Monday, October 2nd. 
We've just been joined by our third interviewer, Joe Tribbia from NCAR. OK, 
Norm, we had voiced off the tape, we had got to the point where you had, you 
were telling us how you'd been involved in the second ENIAC expedition 
while you were in Chicago.

Yes, that was where I began to learn more about how fortunate I was to have 
Platzman as a thesis advisor. He was able to explain to me what was 
happening with the Fourier method that we were now using in the second 
ENIAC expedition for inverting the Laplacian in barotropic flow. It wasn't too 
long after that that he found a numerical error in my thesis which gave Martha 
the shudders. But it was not difficult to correct and it was, in retrospect, not a 
very significant error. George, as you know, has a characteristic of being 
accurate as well as being right. And I think I've, I hope I've learned some of 
that from him. At least being accurate - that's easier to be accurate than be 
right.

Did he have much influence on your thesis work -Platzman?

Not until he gave me suggestions on the final writing up. Rossby's philosophy 
at the university was very hardnosed. The faculty was not supposed to suggest 
thesis topics to the students. I think that was his position from Europe.

So anyway, you knew the people in Princeton. By the winter of '50-'51 you'd 
worked with them. And then you moved to Princeton. Who was there when 
you got there?

Jule and his wife, Elinor. The Smagorinskys, Joe and Margaret, were there. 
Joe had participated in the ENIAC expedition as well. He was studying at 
NYU while working for the weather service and also spending time at 
Princeton, I presume, because Harry Wexler, who was head of research in the 
Weather Bureau, felt that numerical weather prediction was a sure bet and 
wanted the Weather Bureau to be involved in it and take advantage of it. Then 
Charney usually had a visitor. When we first came there it was Ragnar 
Fj0rtoft. Fj0rtoft had been there. Fj0rtoft had been there for the second 
ENIAC expedition I think - although my memory is a little hazy at this point. 
We had Gambo, Gambo came shortly after from Japan. Davies from Kings 
College in London came. Eady had been there a year or two earlier. Platzman 
was occasionally there for several months at a time.

Interview with Norman Phillips
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I remember in the conclusion of your thesis you were really bullish about the 
prospects for NWP already at that point. Even though you really in your thesis 
you'd set up the model and done the instability and done some tendency 
computation.

Yes.

When you got to Princeton then it seemed there was a whole plethora of two- 
level models around at that time.

Yeah. They didn't come out of the woodwork but they may have come out of 
people's desk drawers or something like this. The people working with 
Sutcliffe in England - working with Sutcliffe --finished his geostrophic 
reasoning and ended up with what Charney had done in '48. Phil Thompson I 
think did a PhD. thesis - I'm not sure if it was his thesis - at MIT with 
developing a two-layer model in a slightly different way. Eady, I think, did 
one by finite differencing his Boussinesq equation.

Did it?

Undoubtedly, undoubtedly.

So did you start programing one of these?

Sure.

Right away or....

Not when we first came. When we first came, we programmed the barotropic 
model using Southwell's, or the extension of Southwell's relaxation called 
extrapolated Laplacian inversion. We did that in the barotropic model. And 
then we extended it to a two-level model. I don't remember whether it was 
extended to three-levels with the original Princeton computer or whether that 
had to wait for a larger machine. I don't remember that.

When you say you programmed the Liebmann - extrapolated Liebmann 
relaxation type thing. That wasn't for the ENIAC anymore. That was for the...

No, this was for the computer that von Neumann was designing and having 
built at the Institute for Advanced Study. Quite contrary to all the philosophy 
of the Institute for Advanced Study. The fact of which ultimately led Charney 
to go to MIT and not stay at the Institute. But, the developments were being 
written up and were being passed around the country. I think there was a
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parallel engineering effort at the University of Illinois. Probably one in 
California. And I think it was used .... that was the pattern the Swedes 
followed when they developed the BESK in 1953-1954.

I don't think the English followed that. They had their own theoreticians with 
Turing and, the man at Cambridge, Wilkinson....

Wilkinson, J.H. Wilkinson was it?

The guy who worked on upper atmosphere--Wilkes.

Wilkes.

Wilkes.

Exactly. Was...did the invention of the stored program computer...was von 
Neumann's great achievement and was really revolutionary in the history of 
computation. Did you feel at the time or were you aware at the time that this 
really was a very revolutionary concept, or did it just seem like the natural next 
step after the ENIAC?

My first exposure to computers was to von Neumann's except for the ENIAC.
I certainly knew the difference between how the ENIAC worked and how von 
Neumann's worked - the logic of it in a crude external sense. For one thing, we 
were very intimate with Julian Bigelow and his wife who lived in the same 
housing project we did and he was the chief engineer as well as being 
mathematically inclined and participating in the mathematical, in the choices 
that had to be made between....the tradeoffs that had to be made in design. So 
there was considerable exposure to those kind of ideas....

....in the literature in England there is considerable emphasis put on the 
theoretical view that Turing developed of the potentialities of such a machine. 
Were these ideas current at all in Princeton?

They may have been, may very well have been. I was not that deeply involved 
with the design of computers. I was involved in programming for them in 
meteorology.

One of the things I have never understood, perhaps because I haven't read 
enough about--

I met Turing very briefly when I went with Eady....took a trip with Eady to 
Manchester. He seemed a very lone worker and not....Eady didn't make an
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attempt to approach him too closely, I mean too intimately. Perhaps there was 
a reason for that, I don't know. But I knew of Turing in that general time 
frame but I didn't know then and I don't know now the details and chronology 
of ideas that he had and ideas that von Neumann had.

One of the things that has struck me about the development in Princeton over 
the eight years or so that it was running there, or longer, was that meteorology 
was very fortunate that von Neumann saw it as a prime application.

Yes. I think Jule has discussed this in his interview with George Platzman and 
has traced the background of that a little bit. Jule thinks that Zworykin at RCA 
in the Princeton area, who was a friend of von Neumann's, had been interested 
in weather and modeling weather with an electronic mechanism of some kind. 
Jule speculates that that might have been what introduced von Neumann to the 
possibility. There was this meeting you probably know and have heard of that 
Jule refers to and Platzman has referred to. In about 1947 (correction: August 
1946; NAP), before Charney's paper on the scale theory, after he had done his 
instability theory, a meeting which took place in Princeton involving von 
Neumann, and various other people, including Charney, Haurwitz, Starr, 
Rossby, in which the idea of using a computer in meteorology for forecasting 
purposes was more or less broached officially to the meteorological 
establishment by von Neumann.

So the initiative came from him?

I'm pretty sure it did.

Oh....(I thought?) the other way around. So you started then when you got sort 
of working with the extrapolated Liebmann procedure.

Yes. It was very easy to do because it was just a mechanized version of what 
Southwell was writing about in his book on relaxation.

When did work on coding up the two-level model start?

....at that time in '51 we started programming I remember in the middle of the
winter '51, '52. It must have been in the, I would guess probably....and then 
Charney wrote that note to me on vacation in the summer of '52. So it must 
have been September of '52. We had picked out this storm which was the one 
I had used for tendency calculation in my thesis. Bolin had independently 
picked it out to make studies on for what might have been the first baroclinic 
model if I hadn't come along it was an advective type of approximation in 
which there was much less relaxation involved. We used the same storm for
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both the barotropic model and the baroclinic model two-layer model. Then 
Charney, Schumann and Gilchrist (later the computer director at Columbia)....

This was Bruce...

Bruce Gilchrist formulated a three-level model which Charney thought gave a 
better prediction of that storm. I still think it didn't, but that the faults were 
inherent in the geostrophic system and in the....geostrophic system and the 
questions of what geopotential or what windfield do you start with? We took 
the easy way out. We used maps of geopotential which define the windfield.
So the approximation was in the wind with respect to the data. You can take 
the opposite tack - you can take the winds which are almost nondivergent, get 
the vorticity field from them, then use that to determine a balancing mass field. 
But now that's not going to agree too well with the temperature field. So then 
you make an error in the temperature field. I suspect, and perhaps Chuck Leith 
has alluded to this in his paper on the slow mode initialization that if you 
started with the slow modes with the winds and mass field, which of course are 
geostrophically related in the slow modes, if you started with those from an 
initial cyclone with the geostrophic model, and then when you're done with the 
geostrophic model, calculate the fast modes, modify the vorticity in the 
windfield and the mass field, you'll do better than if you start with either one or 
the other of those.

I remember your comments in that paper with Charney/Phillips where you said 
you were already certainly expressing doubts on the adequacy of the quasi- 
geostrophic thing - but I thought it had more to do with the sharpness or the 
fact that it couldn't handle a gradient wind in a tight circulation.

Yeah. I no longer remember too much about which parts of that joint paper 
with Charney were his or which were mine.

Was there a clear separation of function or were you both...

I just don't remember. Some of them I can probably still identify as his. The 
one about using geostrophic normal modes in the vertical to separate out the 
simplified equations into barotropic mode, two-layer mode, three-layer mode 
so to speak were things that Charney worked on, with the mathematician that 
he had with him. I had nothing to do with that.

So that paper was published....that paper with Charney....it was published in 
1953 then. By the time you'd finished that work then you were ready to take 
off to Sweden?
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Yeah. Rossby sent an invitation - I don't know how I heard of it - to visit the 
institute there. Rossby had somehow, I believe, gotten support from the Office 
of Naval Research for his institute in Stockholm. 'Cause there was always a 
Naval officer present there, Dan Rex and others, and frequently an Air Force 
officer, Harold Bedient, was there. I remember I went there. I traveled on a 
Military Air Transport Service (MATS) plane. I went first to England and 
spent two months in Imperial College and then went to Sweden. I was going 
there to help the Swedes program up the barotropic model. Now they probably 
could have done it just as well without me but I enjoyed it. Probably enjoyed 
the feeling at that point that I was playing a key role, I don't know.

On the way through England you had two months at Imperial there.

I arrived in London on the day that Queen Elizabeth was crowned and 
fortunately had made arrangements in advance for the room in which I was 
going to stay.

It was a very wet day if I remember.

That's from an Irish viewpoint.

Those were the glory days for Imperial College.

Yes. Shephard, Ludlum, Scorer, Mason, Eady.

The most mysterious of those people for me is Eady.

Oh - that's nothing new!

How well did you get to know him?

I think as well as anyone got to know him in two months because I spent a lot 
of time with him. I ate lunch every day with him. Went to a little restaurant 
down the street from the college and ate some horrible kind of spaghetti 
usually. Talked about meteorology most of the time. He was working with 
Fourier doing Fourier equations in the way - I'm not sure in the way they're 
used now where they did the transforms or whether he actually did the formal 
multiplication of the trigonometric series. I suspect it was the latter. But I 
remember when I went up to Manchester with him he had use of the computer 
up there at night. So we travelled up in the afternoon. I remember he insisted 
that as a matter of principle that we travel in a first class carriage. It may have 
been because then he could sleep on the way home on Sunday mornings. But 
we went up there on Saturday afternoon and worked late at night. In the
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middle of summer, of course, it was more or less light at night and he used, I 
remember, had the use of a whole bunch of crazy characters - pound signs 
and....ah....that was the Turing machine, the machine at Manchester was not 
Base 16 or maybe had a larger base so you needed more than the conventional 
alphabet to write mnemonic code, to write the code with paper and pencil. I 
didn't write any code, I just watched and talked with him a little bit while he 
was doing it and using the machine. Slept on a bench. He was very pleasant. 
He took me to Cambridge. Took me around Saint John’s College, that's where 
he went to school - at Cambridge. Introduced me to Wilkes.

Nice time.

Oh yes, he was very nice.

In your own work at program [interrupted]

I remember he was....the thing I remember most about Eady meteorologically 
was that he thought something was wrong that the geostrophic approximation 
was not leading to better forecasts than it seemed to be leading to at that time. 
Either the ones that Charney and I had done or the ones that the English group 
were beginning to turn out with the computer from Lyons - the Lyons 
computer.

You commented in one of your papers that was a clear difference in quality
between the ocean and land forecasts. Was that....was....you said that on
forecasts in your papers over the North American continent were better in 
quality than the forecasts over the ocean. I guess in England if they were 
trying to forecast then they had a much worse data problem then.

Oh, you mean one of my later papers.

No, I think it was in one of the early papers and in that series of forecasts with 
Charney.

Oh, it doesn't come easily to mind. I don't remember what would have led to 
that.

Did you ever feel that you got to the bottom of the substance of Eady's 
comment.

No. I think at the time he was thinking something more sophisticated was 
necessary or return to the primitive equation. But I don't think he ever said 
let's go back to the primitive equation. It remained for Hinkelmann to force
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Yes.

They'd set up a group....well he had a paper in '51 so that group had been active 
for several years already.

They didn't have a computer they were able to come to the United States and 
borrow one.

Computer time...

Yes.

Did you meet Hinkelmann at this phase....in the early fifties?

Not in the very early fifties. I meet him later on in the mid-fifties.

The other thing that was going on in Europe at that time was, I'm not sure 
whether it was Europe or the States, was this remarkable theorem by Fj0rtoft 
which was published in '53.

Oh, about the energy going one way....

Energy going one way and then the other....

Energy having to go in two directions, it couldn't go in only one direction.

Did you see the relevance of that to your work?

No. You mean in terms of what it would say about a geostrophic spectrum and 
all that sophisticated stuff?

Yes.

Absolutely not.

Absolutely not at that time. At what point did you [interrupted]

And I don't think Charney did either. He certainly would have felt intuitively 
that it was a very fundamental thing, more deeply than I did. Perhaps more

AMS-TRIP: Phillips

that.

The Hinkelmann was really quite active by '53.
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Have you any idea what kicked off that idea in Fj0rtoft's head? Why would he 
go look at....

No. The idea occurred to other people, I gather, from what I've read. Charney 
refers to some of it.

Some time around this period - early fifties - is the first reference that I come 
across to Ertel's work in the American literature. When did you first hear 
about this wirbelsatz?

When I was a graduate student at the University of Chicago I knew about the 
three dimensional vorticity there. I don't remember the context in which I 
learned about it. Rossby and Ertle had published a joint paper, I think in the 
late forties. Kleinschmidt was using the concept of potential vorticity as a 
tracer and indicator of cyclogenesis but in a not....He would say there's a big 
blob of large potential vorticity up in the stratosphere and that explains a 
cyclone on the ground. And those ideas are now being exploited, re-exploited 
by McIntyre and his people and other stratosphere meteorologists. I remember 
in specific I had a paper with someone else....Newton and Bradbury. Dorothy 
Bradbury and Chester Newton and I had a paper about jetstreams near the 
tropopause in summer over North America. Rossby had pointed out to us the 
sudden appearance of a sharp cutoff and the sharp shear and the tremendous 
vorticity that this engendered. I remember taking on the job of computing the 
potential vorticity. I don't know whether it's in that paper or not, but I 
computed the potential vorticity, then showed that it could have come from 
pre-existing potential vorticity in the stratosphere if you were going to allow 
the air to be stretched vertically. Course I didn't say what made it stretch 
vertically. We were using the concept of potential vorticity quite familiarly in 
the late forties.

Already then?

Yes. What is the date on that paper? Have you got that?

'51.

Well certainly in the Charney/Phillips paper of '53 you were working with 
theta coordinates and you were at least suggesting that they be used.

I think that's there mostly because Jule liked to put in a paper whatever the last 
words he had thought about the night before in that paper.

deeply than even Fj0rtoft did.
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Because we never followed up on that potential vorticity. It got too difficult, I 
think.

One of the things that startled me when we got to England and were going on 
to Sweden still, but just going back to Princeton for a minute, you say in that 
sack lunch seminar you gave at NMC last year, that you managed at one point 
to make von Neumann sit up and take notice when you wrote a model in 50 
words.

Yeah. I think I could do that because I could write a little code which would 
go around the five points, the center and the four surrounding points, both to 
compute vorticities and to compute Jacobian(s). So that little box of codes, 
which consisted mostly of instructions to add numbers to addresses on the 
computer did almost all the work and you just had to have a few outside 
references that tell it what it does, now. It was like what now is called a little 
subroutine. That word I don't think existed at that time. But engineering-wise, 
it was a disaster because the tube would have burned out if you had run it 
without slowing up the operation by putting in fictitious multiplications.

And you actually did that?

Yes, and that code was used for a long time as the diagnostic code on the 
computer to find out what was going wrong with the computer because that 
code, expanded beyond the fifty words because it was moving so slow, and to 
a lot of diagnostic tests as well. It was general purpose - not general purpose 
but it was used by the engineers and I wrote out a manual on what's probably 
wrong when the code stopped at this point.

One of the....I can almost tell when a guy learned computer programming by 
the number of comments and by the structure of the code. I've never actually 
seen one of yours but I've seen code written by some of the people who are a 
little junior to you and code at that time was just a....

Yes.

It was just awful.

It was thought to be an esoteric art which would be passed on in an apprentice 
system and kept a secret code society.

A lot of job security there!
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Phillips: You know this cartoon where the family's still standing at the grave side, it's 
raining, and the deceased has just been buried obviously? There's a guy comes 
up obsequiously in a raincoat and says "Excuse me, did John ever mention 
anything about source code?"

So anyway, you had done your series of forecasts with the two-level model and 
you'd written it up, and then you took the high road to Sweden stopping off in 
England on the way. Then you got to Sweden for, sounds like six months or so 
from mid-'53 to....
I was in Sweden from August through January and then in Norway (Oslo) two 
months.

Who paid for the trip?

I got some salary from Sweden, from the University, and some still from 
Princeton. Transportation across the ocean was MATS for me. My wife's 
transportation and family's transportation was up to me. We sold our car and 
bought tickets for her on the "Stockholm."

About this time the BESK machine was being built, I guess. So you were 
building the computer or implementing a model on it at the same time.

Yes. Fortunately, everything came to a head in early December '53. I 
remember Rossby had hoped to have it done before he went with his wife, 
Harriet, to a vacation in Capri. But, we made our first forecast and sent him a 
telegram. We felt very good about it and I'm sure it added to his enjoyment of 
Capri. We had paper tape as input.

That was a big advance was it?

We had used paper cards at Princeton. But then for a while we did go into 
paper which was used, it may have been used to punch the cards which were 
then fed into the machine. Although von Neumann was an IBM consultant, I 
remember hearing that it took a lot of arm-twisting on his part before IBM 
would let the card reader be modified. Their principles....paternalistic 
principles of governing their rentals were very strong.

A few months after that you'd moved on to Oslo by this time, I guess. You 
perhaps were even back in the United States. The Swedes began to produce 
forecasts that could be used in real time.

Yes. As I remember they did the first one in the spring of '54.
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D i d  y o u  f e e l  b a d  a b o u t  t h a t  b e c a u s e  I 'd  h a v e  t h o u g h t  t h e  U . S .  s h o u l d  h a v e  b e e n  

f i r s t  t o  t h a t  p a r t i c u l a r  m i l e s t o n e .

N o ,  I  d o n ' t . . . . I  m a y  n o t  e v e n  h a v e  b e e n  a w a r e .  T h e y  m a y  n o t  h a v e  e v e n  

n o t i f i e d  m e .  I  s u s p e c t  t h e y  d i d n ' t ,  w h e n  t h e y  f i r s t  d i d  t h a t .  I  o n l y  f o u n d  o u t  

a b o u t  t h a t  f a c t  l a t e r .

I n  t h e  t i m e  y o u  s p e n t  i n  S t o c k h o l m  a n d  i n  O s l o ,  o v e r  t h i s  p e r i o d  o f  '5 3 ,  '5 4 ,  

y o u  w e r e  o b v i o u s l y  w o r k i n g  o n  t h e  p l a n  f o r  t h e  g e n e r a l  c i r c u l a t i o n  e x p e r i m e n t .  

Y o u  c e r t a i n l y  w r o t e  u p  t h a t  p l a n  i n  t h a t  p a p e r  i n  Tellus i n  '5 4 .

T h a t  w a s . . . . s e e  I 'd  b e e n  e x p o s e d  t o  t h e s e  e x p e r i m e n t s  i n  A b e r d e e n -  w i t h  t h e  

E N I A C  -  i n  w h i c h  w e  w e r e  d o i n g  n u m e r i c a l  e x p e r i m e n t s .  T h e  f i r s t  o n e  w a s  

w i t h  a c t u a l  f o r e c a s t  d a t a  b u t  t h e  s e c o n d  o n e  w a s  h y p o t h e t i c a l  t h i n g s  w i t h  

b a r o t r o p i c  f l o w  a n d  w i t h  a  j e t  t o  s e e  w h a t  w o u l d  h a p p e n .  W e  g o t  a  l o t  o f  

" n o o d l i n g " ,  s o  n o t h i n g  w a s  e v e r  d o n e  w i t h  t h a t .  B u t  t h a t  i d e a  I  g u e s s  I  g o t  a t  

t h a t  t i m e  a n d  I  t h o u g h t  I  t o l d  t h e m ,  w e l l ,  w h y  n o t  t r y  s o m e t h i n g  m o r e  

b e a u t i f u l ,  a  b a r o c l i n i c  o n e  w h i c h  m i g h t  i m i t a t e  t h e  g e n e r a l  c i r c u l a t i o n .  F r o m  

g r a d u a t e  d a y s  i n  C h i c a g o  w e  h a d  a  p r e t t y  g o o d  i d e a  o f  w h a t  t h e  l e a d i n g  

t h e o r e t i c i a n s  a n d  s y n o p t i c i a n s  t h o u g h t  a b o u t  h o w  t h e  g e n e r a l  c i r c u l a t i o n  

w o r k e d .  S o  i t  w a s  n o t  t o o  d i f f i c u l t  f o r  m e  t o  f i r s t  d o  t h i s  s t u d y  i n  t h e  '5 4  p a p e r  

t o  s e e  w h a t  b a r o c l i n i c  u n s t a b l e  w a v e s  m i g h t  d o -  f o r c e  a n  i n d i r e c t  c i r c u l a t i o n  

a n d  t h e n  b e c a u s e  o f  t h a t  p a r t i c u l a r  m o d e l  i t  w o u l d . . . . t h e  l a t e r a l  n o r t h  a n d  s o u t h  

b o u n d a r y  c o n d i t i o n s  w o u l d  r e q u i r e  d i r e c t  c i r c u l a t i o n  f u r t h e r  o u t  t o w a r d s  t h e  

p o l e  a n d  t h e  e q u a t o r .  A n d  t h a t  t h i s  i n d i r e c t  c i r c u l a t i o n ,  i n  m i d d l e  l a t i t u d e s  w a s  

t h e  p r o c e s s ,  t u r b u l e n t  p r o c e s s  t h a t  R o s s b y  a l w a y s  r e f e r r e d  t o  v a g u e l y  a s  g i v i n g  

r i s e  t o  t h e  s u r f a c e  w e s t e r l i e s .  T h e  e x p l a n a t i o n  o f  s u r f a c e  w e s t e r l i e s  h a d  b e e n  

t h e  m a i n  c h a l l e n g e  i n  t h e  g e n e r a l  c i r c u l a t i o n  f o r  c e n t u r i e s .  T h e y  a l l  k n e w  t h a t  

a  d i r e c t  c i r c u l a t i o n  w i t h  t h e  e q u a t o r  f l o w  w o u l d  n o t  p r o d u c e  w e s t e r l i e s .  S o  

t h e y  h a d  t o  p u t  i n  l i t t l e  e x t r a  w h e e l s ,  t o  e n d  u p  c r e a t i n g  p o l a r  f l o w  i n  m i d ­

l a t i t u d e s .  T h i s  s e e m e d  t o  a l l  f i t  t o g e t h e r  s o  i t  e n c o u r a g e d  m e  t o  g o  b a c k  t o  

P r i n c e t o n  a n d  c o n v i n c e  J u l e  w i t h  t h a t  p a p e r  t h a t  y e a h ,  t h a t  s h o u l d  b e  a  l o g i c a l  

t h i n g  t o  s p e n d  m y  t i m e  o n .  H e  w a s  m y  b o s s .

O n e  o f  t h e  i n t r i g u i n g  t h i n g s . . . . m a n y  i n t e r e s t i n g  a s p e c t s  o f  t h a t  p a p e r ,  o n e  o f  

t h e m  w a s  t h e  i d e a  o f ,  i f  y o u  l i k e  g o i n g  t o  s e c o n d  o r d e r  i n  a  R o s s b y  n u m b e r ,  i n  

t h a t  y o u  h a d  c a l c u l a t e d  t h e  i n s t a b i l i t y  c h a r a c t e r i s t i c s ;  f r o m  t h a t  y o u  c a l c u l a t e d  

t h e  e d d y  t r a n s p o r t s  a n d  t h e n  y o u  c a l c u l a t e d  t h e  f e e d b a c k  o n  t h e  m e a n  f l o w .  

N o w  t h a t  l o o k e d  l i k e  a  r a t i o n a l  o r d e r . . . . s o r t  o f  a  r a t i o n a l  e x p a n s i o n  i n  R o s s b y  

n u m b e r  b u t  y o u  d i d n ' t  a c t u a l l y  r e f e r  t o  i t  i n  t h a t . . . . y o u  d i d n ' t  d e s c r i b e  i t .......

I  d o n ' t  t h i n k  i t  r e a l l y  i s  b e c a u s e  i t ' s . . . .  w h e n  y o u  d o  t h a t ,  i n  t h a t  p a p e r  t h e  

u n k n o w n  i s  t h e  a m p l i t u d e  o f  t h e  d i s t u r b a n c e .  A l l  I  w a s  d o i n g  w a s  b r i n g i n g  o u t  

t h e  d i s t u r b a n c e  o f  a n  u n k n o w n  s i z e ,  a n y  s i z e  y o u  w a n t  t o  g i v e  i t .  B u t  i t ' s
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k i n e m a t i c s  a r e  t h o s e  o f  a n  i d e a l i z e d  u n s t a b l e  w a v e  o f  i n f i n i t e s i m a l l y  s m a l l  

a m p l i t u d e .  W e  a l r e a d y  k n e w ,  e v e n  f r o m  C h a r n e y ' s  p a p e r  a n d  s o m e  o f  K u o ' s  

p a p e r s ,  t h a t  t h o s e  w e r e  r e a s o n a b l y  r e a l i s t i c  i n  t e r m s  o f  p a t t e r n s  o f  d e s c e n d i n g  

m o t i o n  i n  c o l d  a n d  w a r m  a i r .

T h a t  i d e a  s e e m e d  a  n o v e l  i d e a  t o  m e  b u t  I 'm  n o t  s u r e . . . . w h e r e ' s  t h e  p r e c u r s o r s  

f o r  t h a t  i d e a  o f  c a l c u l a t i n g  t h e  u - p r i m e s ,  d - p r i m e s ,  v - p r i m e s ,  t - p r i m e s  a n d  s o  

o n  a n d  t h e n  c a l c u l a t i n g  t h e  e f f e c t  o n  t h e  m e a n  f l o w ?

I  d o n ' t  k n o w  o f  a n y .  I  d i d n ' t  k n o w  o f  a n y  a t  t h a t  t i m e .

W h a t  p r o m p t e d  y o u  t o  g o  a t . . . . t o  u s e  t h a t  m e t h o d  t o .......

I  d o n ' t  k n o w .  I  r e a l l y  d o n ' t  k n o w .  T h e  l o g i c a l  t h i n g  t o  d o . . . . I 'm  s u r e  f r o m  t h e  

m a t h e m a t i c a l  p o i n t  o f  v i e w  a n d  p e r h a p s  e v e n  p h y s i c a l  p o i n t  o f  v i e w ,  t h e r e ' s  a  

l o t  t o  c r i t i c i z e  a b o u t  t h a t .  I 'm  t h e  o n e  t h a t ' s  l u c k y  t h a t  i t  w o r k s  o u t  t h a t  e a s i l y ,  

t h a t  i t  w o r k s  o u t  t o  g i v e  a  r e a s o n a b l e  p i c t u r e .

I 'm  u n a w a r e  o f  a n y  p r e c u r s o r s  t o  t h a t  t y p e  o f  a n  a p p r o a c h  b u t  I  w o n d e r e d  i f  

t h e r e  h a d  b e e n .......

I  s u p p o s e  s o m e  m o r e  s o p h i s t i c a t e d  p e o p l e ,  G .  I .  T a y l o r  o r  B a c h e l o r  o r  t h e  

G e r m a n  h y d r o d y n a m i c i s t s  w o u l d  h a v e  p o s e d  a  m o r e  c o m p l i c a t e d  p r o b l e m  i n  

w h i c h  t h e y ' r e  l o o k i n g  f o r  m o r e  o f  a  s t e a d y  s t a t e  i n  w h i c h  t h e  b a s i c  c u r r e n t  h a s  

b e e n  c h a n g e d  a n d  t h e  p e r t u r b a t i o n  h a s  b e e n  c h a n g e d  b e c a u s e  t h e  b a s i c  c u r r e n t  

i s  d i f f e r e n t  a n d  e v e r y t h i n g  i s  i n  a  r e a s o n a b l e  b a l a n c e .  I  w a s  n o t  d o i n g  t h a t .  I  

w a s  d o i n g  s o m e t h i n g  v e r y  i n t u i t i v e .

S o  t h a t ' s  h o w  i t  w a s  f o r  y o u ,  i n t u i t i v e .

A n d  i n  a  w a y  i t  t u r n e d  o u t  t o  b e  a l l  r i g h t  b e c a u s e  i n  a  w a y  w h a t  t h a t  i s ,  i s  

s o m e w h a t  o f  a n  i n i t i a l  v a l u e  a p p r o a c h .  C a l c u l a t i n g  w h a t  c h a n g e s  a r e  g o i n g  t o  

t a k e  p l a c e  i n  t h e  z o n a l l y  a v e r a g e d  f l o w .  A n d  t h a t  w o u l d  b e  w h a t  h a p p e n s  i n  

a n y  g e n e r a l  c i r c u l a t i o n  e x p e r i m e n t  t h a t  I  w a s  c a p a b l e  o f  d o i n g .

N o r m ,  I  w a s  i n t e r e s t e d  i n  y o u r  s t a t e m e n t  c o n c e r n i n g  t h e  p r o b l e m  w i t h  t h e  

g e n e r a l  c i r c u l a t i o n .  I  w a s  w o n d e r i n g  i f  v o n  N e u m a n n  h a d  i n f l u e n c e d  y o u  a t  a l l  

b y  h i s  s o r t  o f  t h r e e  p r o b l e m  a p p r o a c h  i n  n u m e r i c a l  p r e d i c t i o n ,  s t a t i n g  t h a t  t h e  

s h o r t - t e r m  f o r e c a s t  p r o b l e m  w a s  t h e  f i r s t  o n e  t o  b e  d o n e  a n d  t h e n  c l i m a t e  a n d  

t h e n  e x t e n d e d  r a n g e  f o r e c a s t i n g .

N o ,  I  d o n ' t  t h i n k  s o .  N o .  I n  f a c t  I  r e m e m b e r  w h e n  I  c a m e  b a c k ,  a f t e r  I ' d  d o n e  

t h e  g e n e r a l  c i r c u l a t i o n  e x p e r i m e n t ,  I  t h i n k  v o n  N e u m a n n  w a s  t r a v e l i n g  b a c k
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a n d  f o r t h  t o  W a s h i n g t o n .  I  r e m e m b e r  b e i n g  a s k e d  t o  t e l l  h i m  w h a t  i t  w a s ,  i n  

h i s  o f f i c e ,  a n d  h e  w a s  d o i n g  t w o  o r  t h r e e  o t h e r  t h i n g s  a t  t h e  s a m e  t i m e .  A  d e s k  

f u l l  o f  p a p e r s .  H e  w a s  j u s t  a b s o r b i n g  i t  p e r h a p s .

H o l l i n g s w o r t h :  I  d o n ' t  t h i n k  t h a t  c o m m e n t  c a m e  u n t i l  a  g o o d  d e a l  l a t e r .

K a s a h a r a :  S o  i t  m a y  w e l l  b e  t h a t  v o n  N e u m a n n  h a d  b e e n  v e r y  m u c h  i n t e r e s t e d  i n  l o o k i n g  

a t .....

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

I  t h i n k  t h a t ' s  p r o b a b l y  t h e  w a y  i t  h a p p e n e d .  S t i l l  g o i n g  b a c k  t o  t h i s  '5 4  p a p e r ,  

t h e  o t h e r  r e a l l y  n o v e l  t h i n g  a b o u t  i t  w a s  t h e  a n a l y s i s  o f  t h e  e n e r g e t i c s .

M o s t  o f  i t  c a m e . . . . y e a h ,  t h a t ' s  t r u e ,  d i d  I  d r a w  a  b o x  d i a g r a m  i n  t h e r e ?

I  d o n ' t  t h i n k  y o u  h a d  a  b o x  d i a g r a m  b u t  y o u  h a d  a l l  t h e  i n g r e d i e n t s .  I t  s e e m e d  

t o  m e  t h a t  y o u ' d  w o r k e d  o u t  t h e  c o n c e p t  o f  a v a i l a b l e  p o t e n t i a l  e n e r g y  a n d  

c o n v e r s i o n s  b e t w e e n  e d d y  a n d . . . .

P h i l l i p s :

H o l l i n g s w o r t h :

B u t  I  d o  k n o w  d e f i n i t e l y  t h a t  I  w a s  t h i n k i n g  o f  t h a t  o n l y  i n  t e r m s  o f  a  t w o - l a y e r  

m o d e l .  I  h a d  n o  u r g e  o r  i d e a  t o  e x t e n d  i t  t o  m u l t i - l a y e r  m o d e l  l e t  a l o n e  a  

c o n t i n u o u s  m o d e l  l i k e  L o r e n z  o r  n o t  r e c o v e r a b l e .  G e n e r a l  f l o w  i s  

___________________________ . [ N o t  c o r r e c t e d  b y  N A P . ]

W e l l ,  L o r e n z ' s  p a p e r  o n  e n e r g e t i c s  d i d n ' t  a p p e a r  u n t i l  a  y e a r  o r  t w o  l a t e r  i n  '5 5  

o r  '5 6 .

P h i l l i p s : I t ' s  m u c h  m o r e  f u n d a m e n t a l  t h a n  t h e  o n e  I  d i d .

H o l l i n g s w o r t h :  W e r e  y o u  a w a r e  o f  h i s  w o r k  o n  i t  w h i l e  y o u  w e r e  d o i n g  y o u r s ?

P h i l l i p s : N o .  I  r e m e m b e r  w h e n  I  w a s  i n  I m p e r i a l  C o l l e g e  w i t h  E a d y  t h e  m a i n  t h i n g  I  

w a s  w o r k i n g  o n  w a s  t r y i n g  t o  g e t  s o m e  f o r m  o f  e q u a t i o n s  w h i c h  w o u l d  b e  w e l l  

b e h a v e d .  T h e r e  w e r e _________________ . [ N o t  c o r r e c t e d  b y  N A P . ]

H o l l i n g s w o r t h :  C o u l d  I  j u s t  h o l d  y o u  h e r e  a n d  s t o p  t h i s  t h i n g ?

P h i l l i p s :  Y e s .

END OF TAPE 1, SIDE 2

TAPE 2, SIDE 1
Interview with Norman Phillips

P h i l l i p s :  P l a y i n g  w i t h  t h e  i d e a s  t h a t  l a t e r  I  w o r k e d  u p  i n  t h i s  p a p e r  i n  '5 4  -  I 'd
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P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

Phillips:

i n t e r r u p t e d  t h a t  w h i l e  w e  w e r e  w o r k i n g  o n  t h e  b a r o t r o p i c  m o d e l  i n  S w e d e n  -  

t h e  i d e a  w a s  y o u  c a n  w r i t e  a n  e q u a t i o n  f o r  h o w  t h e  z o n a l l y  a v e r a g e d  q u a n t i t i e s  

a r e  c h a n g i n g ;  i n  p r i n c i p l e  y o u  c a n  w r i t e  d o w n  a l l  t h e  t e r m s .  M y  q u e s t i o n  i n  

m y  m i n d  w a s  w h i c h  o f  t h o s e  d o  y o u  i n c l u d e  w i t h  t h e s e  e q u a t i o n s  t h a t  c a n  

h a n d l e  g e o s t r o p h i c s .  I t  w a s n ' t  u n t i l  I  w a s  i n  O s l o  t h a t . . . . N o ,  i n  S w e d e n ,  

b e c a u s e  I  g a v e  a  t a l k  o n  t h a t  p a p e r  i n  S t o c k h o l m  b e f o r e  I  l e f t  f o r  O s l o ,  t h a t  i t  

w a s  c l e a r  t o  m e  t h a t  y o u  c a n  j u s t  l e t  t h e  q u a s i - g e o s t r o p h i c  e q u a t i o n s  h a n d l e  i t  

t h e m s e l v e s  a n d  b e  c a r e f u l  a b o u t  t h e  b o u n d a r y  c o n d i t i o n s  s o  t h a t  y o u  w o u l d  

a l l o w  t h e  d y n a m i c a l l y  c o r r e c t  c i r c u l a t i o n s  t o  d e v e l o p .

D i d  y o u  d i s c u s s  t h e s e  i d e a s  w i t h  E l i a s s e n  w h e n  y o u  g o t  t o  O s l o ?

T o  s o m e  e x t e n t  -  I  g a v e  a  s e m i n a r  t h e r e .  T h e y  w e r e  i m p r e s s e d .  I  r e m e m b e r  

H o i l a n d ,  a s  w e  l e f t  t h e  l e c t u r e  h a l l ,  s a y i n g  t o  E l i a s s e n ,  " S e e  y o u  c a n  s t i l l  d o  

t h i n g s  w i t h  e l e m e n t a r y  f u n c t i o n s . "

W h o  s a i d  t h a t ?

H o i l a n d .

G o i n g  b a c k  t o  t h e  e n e r g e t i c s  f o r  a  m o m e n t ,  i t  s e e m e d  t o  m e  t h a t  o n c e  y o u ' d  g o t  

t h e  f o r m u l a s  t h a t  y o u  h a d  t h e r e  f o r  t h e  t w o  a n d  a  h a l f  d i m e n s i o n a l  m o d e l  t h a t  

y o u  c o u l d  e a s i l y  e x t e n d  t h e m  t o  m o r e  l e v e l s  w i t h  n o  p r o b l e m .

T h a t  p o s s i b i l i t y  e i t h e r  d i d n ' t  e n t e r  m y  m i n d  o r  d i d n ' t  s e e m  i n t e r e s t i n g  t o  m e .

I  h a v e  a  f e w  q u e s t i o n s  a b o u t  t h e  b o u n d a r y  c o n d i t i o n s  b u t  w e  w i l l  c o m e  t o  

t h o s e  i n  a  m o m e n t .  W h e n  y o u  g o t  b a c k  t o  P r i n c e t o n  t h e n  s o m e t i m e  i n  t h e  

s e c o n d  q u a r t e r  o f  ' 5 4 ,  I  g u e s s .

M a y  o f  '5 4 .

W a s  i t  h a r d  t o  p e r s u a d e  C h a r n e y  t o  s p e n d  a  l o t  o f  c o m p u t e r  t i m e ?

O h  n o .  H e  s a w  t h i s  a s  a  v e r y  l o g i c a l  e x t e n s i o n  o f  w h a t  h e  w a n t e d  t h a t  d o n e  

w i t h - - t h e  g e o s t r o p h i c  e q u a t i o n .  I n  f a c t  h e  p r o b a b l y  h a d ;  i n  m y  a b s e n c e  h e  

w o u l d  h a v e  e v e n t u a l l y  g o t t e n  t o  t h e m  s o m e  t i m e .

W h e n  d i d  y o u  s t a r t  w o r k  o n  t h e  a c t u a l  i n t e g r a t i o n s ?

O h ,  g o o d n e s s .  I  s u p p o s e  i n  t h e  f a l l  o f  '5 4 .  I t  t o o k  a  w h i l e  t o  w o r k  o u t  t h e  

m a t h e m a t i c s  o f  w h a t  t o  d o .  B e c a u s e  a s  i t  t u r n e d  o u t  y o u  c o u l d  n o t  s o l v e  f o r  

t h e  z o n a l  a v e r a g e  c h a n g e s  i n  t h e  s t r e a m  f u n c t i o n  s i m i l a r  t o  t h e  m e r i d i o n a l
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v e l o c i t y  b y  r e l a x a t i o n .  T h a t  w a s  j u s t  u n f e a s i b l e .  T h e n  I  h a d  t o  t a l k  w i t h  

H e r m a n  G o l d s t i n e  w h o  t o l d  m e  a b o u t  t h i s  m e t h o d  w h i c h  i s  n o w  c o m m o n p l a c e  

i n  R i c h t m y e r  a n d  M o r t o n  o f  h o w  y o u  i n v e r t  t h e  t r i - d i a g o n a l  m a t r i x  g o i n g  u p  

a n d  d o w n  a  c o u p l e  t i m e s .  T h a t  w o r k e d  b e a u t i f u l l y .  I t  t o o k  a  w h i l e  t o  

r e c o g n i z e  t h a t  p r o b l e m  a n d  t o  h u m b l e  m y s e l f  t o  a s k  H e r m a n  G o l d s t i n e  w h a t  

i d e a s  h e  w o u l d  h a v e ,  a n d  t o  u n d e r s t a n d  w h a t  h e  w a s  t e l l i n g  m e ,  a n d  t h e n  

p r o g r a m  i t .  S o  i t  p r o b a b l y ,  I  d o n ' t  k n o w ,  I  w o u l d  h a v e  t o  g o  b a c k  t o  t h e  i s s u e s  

o f  Quarterly Journal a n d  f i n d  o u t  w h e n  t h e y  f i r s t  a n n o u n c e d  t h e  N a p i e r  S h a w  

C o n t e s t  a n d  t h e n ,  b e c a u s e  I  r e m e m b e r  I  r e a d  t h a t  w h e n  I  w a s  a l m o s t  d o n e  

w r i t i n g  t h e  p a p e r ,  a n d  w o r k  b a c k w a r d s  f r o m  t h e r e .

A  l o t  o f  t h i n k i n g  c e r t a i n l y  w e n t  i n t o  t h e  t u n i n g  o f  t h e  d i a b a t i c  f o r c i n g  i n  t h a t  

p a p e r .  A t  l e a s t  i n  t h e  w r i t e  u p  y o u  o b v i o u s l y  w e n t  t h r o u g h  t h e  l i t e r a t u r e  v e r y ,  

v e r y  c a r e f u l l y .  D i d  y o u  d o  t h a t  s t u d y  o f  t h e  l i t e r a t u r e  b e f o r e  t h e  w o r k  o r  a f t e r ?

W h e n  I  n e e d e d  i t  I  d i d  i t ,  w h a t e v e r  l i t e r a t u r e  w a s  p r e s e n t  a t  P r i n c e t o n  a t  t h e  

t i m e .

D i d  t h e y  h a v e  a  g o o d  l i b r a r y  a t  t h a t  t i m e ?

J u l e  h a d  b e e n  v e r y  g o o d  a n d  w o r k e d  h a r d  o n  t h e  l i b r a r y ,  g e t t i n g  a  l i b r a r y  s e t  

u p .

D i d  y o u  t r y  a n  a d i a b a t i c  r u n  a t  a l l ?

N o .  I  s u p p o s e  - -  t h e  c o d e  w a s  i n  t w o  p a r t s ,  o n e  f o r  t h e  z o n a l  c h a n g e s  a n d  

a n o t h e r  f o r  t h e  e d d i e s .  I  m a y  h a v e  t r i e d  t h e  a d i a b a t i c  p a r t  o n  t h e  e d d i e s .  I  

r e m e m b e r  t h a t  I  w a s  v e r y  c a r e f u l  t h a t  e v e r y t h i n g  w a s ,  t h e  c o d e  w a s  r e a s o n a b l y  

w e l l  c h e c k e d  o u t .  I t  w a s  v e r y  l i k e l y  t h a t  s o m e  c h e c k i n g  i n t o  i t s  v o r t i c i t y  

d i a g n o s t i c s  c o u l d  b e  m a d e  t o  c h e c k  o u t  t h e  c o d e .  I  e n c o u n t e r e d  p r o b l e m s  t h a t  

I  h a d n ' t  a n t i c i p a t e d ,  l i k e  t h e  c o m p u t a t i o n a l  i n s t a b i l i t i e s  b e c a u s e  o f  t h e  w a y  I  

f i r s t  p u t  i n  f r i c t i o n  i n  t h e  n e w  s c h e m e :  f r i c t i o n  e v a l u a t e d  a t  t h e  c e n t r a l  t i m e  

s t e p .  I  e x p e r i e n c e d  t h a t .

D i d  t h a t  t a k e  a  l o n g  t i m e  t o  s o r t  o u t ?

N o .  T h a t  w a s  e a s y .

I t  w a s  e a s y .  Y o u  w e r e  s t i l l  r u n n i n g  i t  o n  t h e  P r i n c e t o n  c o m p u t e r  o r  t h e r e  

h a d n ' t  b e e n  a n  u p g r a d e ?

I  d o n ' t  k n o w  t h a t  i t  w a s  e v e r  u p g r a d e d  e x c e p t  w i t h  r e s p e c t  t o  i n p u t  d e v i c e s  a n d  

o u t p u t  d e v i c e s .
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O n e  o f  t h e  t h i n g s  t h a t  s t r i k e s  m e  - -  w e l l ,  b e f o r e  a s k i n g  t h i s  q u e s t i o n  - -  h o w  

l o n g  i n t o  t h e  p r o j e c t  h a d  y o u  g o t  b e f o r e  y o u  b e g a n  t o  s e e  t h e  w e s t e r l i e s  

d e v e l o p ?  W h a t  w a s  y o u r  f e e l i n g  w h e n  y o u  s a w  t h e m  d e v e l o p ?

I  d o n ' t  r e m e m b e r  b e c a u s e ,  y o u  s e e ,  t h e  r u n  d i d n ' t  l a s t  v e r y  l o n g  b e f o r e  i t  b l e w  

u p .  I  w a s  u n d o u b t e d l y  c o m p l e t e l y  a b s o r b e d  i n  p l o t t i n g  t h e s e  n u m b e r s  o u t  a n d  

d r a w i n g  i s o l i n e s  -  w e  h a d  n o  g r a p h i c s  c a p a b i l i t i e s  a t  a l l .  Y o u  g o t  a  l i s t  o f  

n u m b e r s  a n d  y o u  h a d  t o  p l o t  t h e m  o u t  o n  t h e  m a p  a n d  t h e n  d r a w  i s o l i n e s .  A  

v e r y  t e d i o u s  t a s k .  I  d o n ' t  r e m e m b e r  a n y  f l u s h  o f  a w a r e n e s s  t h a t  f i n a l l y ,  y e s ,  I  

h a d  t h e  w e s t e r l i e s .  I  u n d o u b t e d l y  h a d  s u c h  a  f l u s h ,  I  d o n ' t  k n o w .

C a n  I  a s k  a  q u e s t i o n ?  H o w  l o n g  d o e s  i t  t a k e  t o  c a l c u l a t e  t h a t  r e s u l t ?

I  d o n ' t  r e m e m b e r ,  A k i r a  -  u n l e s s  w e  r e c o r d e d  i t  i n  t h e  p a p e r .  I  m a y  h a v e  

r e c o r d e d  i t  i n  t h e  a p p e n d i x  i n  t h e  p a p e r .

O n e  t h i n g  t h a t  s t r u c k  m e  a b o u t  t h e  p a p e r  w a s  t h a t  l o o k i n g  a t  t h o s e  p i c t u r e s  

n o w ,  t h e  p l o t s  o f  t h e  r e s u l t s ,  w a v e  p r o g r e s s i n g  e v e r y  t h r e e  d a y s  o r  s o .  L o o k i n g  

a t  i t  n o w  i t  s e e m s  a s  i f  t h e  b o u n d a r y  c o n d i t i o n s  -  t h e  n o r t h  a n d  t h e  s o u t h e r n  

w a l l s  w e r e  v e r y  c r i t i c a l  i n  t h a t  y o u  h a d  a n  e n e r g y  g e n e r a t i o n  r e g i o n  i n  t h e  

c e n t e r  o f  t h e  c h a n n e l  a n d  y o u  z e r o  a m p l i t u d e s - -

- - t h e  e d d i e s - -

- - t h e  e d d i e s  n o r t h  a n d  s o u t h .  S o  y o u  h a v e  t o  h a v e  a n  e n e r g y  e x p o r t  f r o m  t h e  

m i d d l e  o f  t h e  c h a n n e l  t o  t h e  p o l e s .  A n d  i f  t h e  e n e r g y  w a s  g o i n g  o u t w a r d s  t h e n  

y o u  h a d  t o  h a v e  a  m o m e n t u m  f l u x  i n w a r d s .

T h a t ' s  t h e  c a s e  o f . . . . . R o s s b y  w a v e s  a n d  t h e  r e a l  p h a s e  v e l o c i t y  -  i s  t h a t  t h e  

a r g u m e n t  y o u  m e a n ?

Y e s .  T h e  s a m e  t h i n g  s e e m s  t o  w o r k  i f  t h e  R o s s b y  w a v e s  a r e  u n s t a b l e .

I  n e v e r  t h o u g h t  o f  i t  t h a t  w a y .

T h e n  o n c e  y o u  g o t  t h e  c o n v e r g e n c e  o f  t h e  m o m e n t u m  f l u x  y o u  h a d  t o  g e t  t h e - -

- - e x c e p t  t h a t  t h e  m o m e n t u m  i s  n o t  ( c a n ' t  u n d e r s t a n d  t h e  r e s t  o f  h i s  s t a t e m e n t ) - -

- - c o m i n g  i n t o  t h e  m i d d l e  f r o m  b o t h  b o u n d a r i e s .  S o  t h e n  f r o m  w h a t  w e  k n o w  

n o w  a b o u t - -
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Phillips: - - e x c e p t  t h a t  t h e  m o m e n t u m  f l u x  w a s  n o t  b e i n g  d o n e  b y  t h e  w a v e s  w h i c h  i s  

w h a t  t h e  f e e l i n g  y o u  a r e  r e f e r r i n g  t o .  T h i s  m o m e n t u m  f l u x  w a s  t a k i n g  p l a c e  b y  

t h e  m e r i d i o n a l  c i r c u l a t i o n  o n  c o o r d i n a t e  b y  c o r r e l a t i o n  o f  v  a n d  u  b a r .

I t  w a s  a  v e r y  d e f i n i t e  u - p r i m e  v - p r i m e  i n  t h e . . .

O h ,  I  s e e  w h a t  y o u  m e a n .  J u s t  t h e  t i l t  o f  t h e  w i n d .

Y e s ,  t h e  t i l t  o f  t h e  w i n d s .

O K ,  I  w a s  t h i n k i n g  o f  s o m e t h i n g  e l s e .

S o  t h a t  t i l t  -  t h e  t i l t e d  w a v e s  w e r e  f o r c e d  b y  t h e  b o u n d a r y  c o n d i t i o n s  i t  s e e m s .  

Y e s .

T h e n  o n c e  y o u  g o t  t h e  c o n v e r g e n c e  o f  t h e  m o m e n t u m  f l u x ,  a t  l e a s t  i n  " P a l m -  

t y p e "  a r g u m e n t s ,  s u g g e s t s  t h a t  y o u ' r e  g o i n g  t o  g e t  a  m e r i d i o n a l  c i r c u l a t i o n  

w h i c h  w i l l  t e n d  t o  c o u n t e r a c t  i t .

Y e a h  -  a l t h o u g h  t h a t  s t a b i l i z i n g  e f f e c t  o f  g e o s t r o p h i c  f l o w  -  y e a h  I  t h i n k  w a s  

m o r e  o r  l e s s  g e n e r a l l y  a n t i c i p a t e d ,  e v e n  b e f o r e  I  d i d  t h a t  c a l c u l a t i o n ,  t h a t  

g e o s t r o p h i c  f l o w  s e t  u p  c i r c u l a t i o n s  w h i c h  t r i e d  t o  u n d o  w h a t  t h e  h o r i z o n t a l  

f l o w  w a s  c r e a t i n g .  M a y b e  e v e n  i n  m y  t h e s i s  I  m e n t i o n e d  t h i s  ( c a n ' t  u n d e r s t a n d  

r e s t  o f  s t a t e m e n t ) .  F j 0r t o f t  m a y  h a v e  m e n t i o n e d  t h a t  i n  h i s  t h e s i s  a l s o .

H o l l i n g s w o r t h :  O n e  s t r i k i n g  a s p e c t  a b o u t  t h a t  ' 5 6  p a p e r 1 i s  t h e  f r e q u e n t  r e f e r e n c e  t o  t h e  

d i s h p a n  e x p e r i m e n t s .

P h i l l i p s : A n d  a l s o  t h e  m i s s p e l l i n g  o f  J e f f r e y s ' s  n a m e .  A n d  h e  w a s  o n e  o f  t h e  r e f e r e e s  

f o r  t h e  c o n t e s t .

H o l l i n g s w o r t h :  I t  w a s n ' t  j u s t  J e f f r e y s .  S o m e o n e ,  e i t h e r  y o u  o r  t h e  e d i t o r ,  c o n s i s t e n t l y  

m i s s p e l l e d  L o r e n z ' s  n a m e .

P h i l l i p s :  I s  t h a t  r i g h t ?

H o l l i n g s w o r t h :  Y e s ,  t h e r e  w a s  a  " t "  i n  t h e r e .

P h i l l i p s :  O h  d e a r ,  o h  d e a r ,  o h  d e a r .

1The General Circulation of the Atmosphere: a Numerical Experiment (Quart. J. Royal Meterology Society, 
1982, 123-164).
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A s  r e g a r d s  t h e . . . . w e r e  y o u  c o n s c i o u s  i n  t h e  w r i t e - u p  o f  t h e  a n a l o g i e s  w i t h  t h e  

d i s h p a n ?  O b v i o u s l y  y o u  w e r e  b u t  h o w . . . .

I  t h i n k  i t  w a s  t h e  f a c t  t h a t  -  p r o b a b l y  t h e  f a c t  t h a t  t h e  d i s h p a n  s e e m e d  t o  c r e a t e  

a  g e n e r a l  c i r c u l a t i o n  n o t  t o o  v a s t l y  d i f f e r e n t  f r o m  t h e  a t m o s p h e r e  i n  a  l o t  o f  

w a y s .  I t  w a s  p a r t  o f  t h e  e n c o u r a g e m e n t  t o  g o  t o  C h a r n e y  a n d  s a y  " l e t ' s  d o  

t h i s . "  I n  o t h e r  w o r d s ,  t h e  a t m o s p h e r e  w a s  n o t  t h a t  u n i q u e .  I t  d i d n ' t  t a k e  t h o s e  

p a r t i c u l a r  f e a t u r e s ,  t h a t  o n l y  t h e  a t m o s p h e r e  h a s ,  t o  e x p l a i n  t h e  g e n e r a l  

c i r c u l a t i o n .

T h e  o t h e r  r e f e r e e  o f  t h e  p a p e r  m u s t  h a v e  b e e n  B u s h b y ,  I  t h i n k .

T h a t  m a y  b e ,  I  d o n ' t  k n o w .

I  t h i n k  i t  w a s  B u s h b y .  W h a t  w a s  t h e  r e a c t i o n . . . .  w h e n  d i d  y o u  h a v e  t h e s e  

r e s u l t s ?  W h e n  w a s  i t  t h a t  t h e y  w o u l d  h a v e  b e e n  g o n e  o u t  o n  t h e  g r a p e v i n e ?

O h . . . . n o t  t o o  m u c h .  I  d o  n o t  r e m e m b e r  g i v i n g  a  s e m i n a r  o n  i t  i n  A m e r i c a  

e x c e p t  a t  M I T .

I  t h o u g h t  y o u  g a v e  a  t a l k  a t  N e w  Y o r k  i n  1 9 5 6  - J a n u a r y .

T h a t  m a y  b e .  O K .

T h a t  w a s  t h e  f i r s t  t i m e  I  s a w  y o u .........

O K .

W h a t  s o r t  o f  r e a c t i o n ?

I  d o n ' t  r e m e m b e r  a n y  m o r e .  I  r e a l l y  d o n ' t  r e m e m b e r .

W h a t  w e r e  y o u r  o w n  f e e l i n g s  a b o u t  i t  a t  t h e  t i m e ?

O h ,  I  w a s  t h r i l l e d .  I  w a s  d i s a p p o i n t e d  b e c a u s e  i t  d i d n ' t  r u n  o n  f o r e v e r .  T h e r e  

w e r e  s o m e  c o m p u t a t i o n a l  p r o b l e m s  t o  s o l v e  b u t  I  w a s  e x c i t e d .

T h e r e  w a s  o b v i o u s l y  a  m a s s i v e  o f f i c i a l  r e a c t i o n  t o  i t  b e c a u s e  b y  O c t o b e r  o f  

t h a t  y e a r ,  '5 6 ,  v o n  N e u m a n n  -  I  g u e s s  -  c a l l e d  a  c o n f e r e n c e  a t  P r i n c e t o n .

Y e s .  I  g a v e  a  t a l k  t h e r e ,  y e s  t h a t ' s  r i g h t .  O p p e n h e i m e r  w a s  t h e r e .  H e  n o d d e d  

s a g e l y  w h e n  I  t a l k e d  a b o u t  a v a i l a b l e  p o t e n t i a l  e n e r g y .  W h e n  I  g a v e  t h e  t a l k  a t
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M I T ,  C . C .  L i n  w a s  i n  t h e  a u d i e n c e ,  b u t  i t  w a s  i n  t h e  a f t e r n o o n  a n d  h e  w a s  

s l e e p i n g .  T h a t ' s  t h e  w a y  i t  g o e s !

P r e s u m a b l y  i t  w a s  t h i s  e x p e r i m e n t  t h a t  l e d  t o  t h e  s e t t i n g  u p  o f  t h e  g e n e r a l  

c i r c u l a t i o n  l a b  w i t h i n  t h e  w e a t h e r  b u r e a u ,  J o e  S m a g o r i n s k y ' s  s a y i n g . . . .

I t  p r o b a b l y  t o o k  C h a r n e y ' s  e n c o u r a g e m e n t  w i t h  H a r r y  W e x l e r  t o  s u g g e s t  t h a t .

Y o u  w e r e n ' t  t e m p t e d  y o u r s e l f  t o  j o i n  t h a t  l a b ?

N o ,  a n d  I  w a s n ' t  a s k e d  a b o u t  i t .  I  w a s  s t i l l  g o i n g  t o  M I T .  S h o r t l y  a f t e r  I  g o t  t o  

M I T ,  I  s t i l l  r e m e m b e r  t h i s  w i t h  a m a z e m e n t ,  I  g o t  a  l e t t e r  o r  a  t e l e g r a m ,  m a y b e  

a  t e l e g r a m ,  f r o m  R o s s b y  i n  S w e d e n  a s k i n g  m e  w o u l d  I  b e  t h e  h e a d  o f  h i s  

i n s t i t u t e ?  I 'm  a m a z e d  t h a t  I  s e n t  h i m  b a c k  s o m e  k i n d  o f  t h i n g  s a y i n g  m o r e  o r  

l e s s ,  y e s  a n d  I  w e n t  t o  s e e  H e n r y  H o u g h t o n  s a y i n g  I  c a n ' t  t u r n  t h i s  d o w n .  B u t  

s o m e h o w  t h a t  g o t  u n d o n e ,  a n d  I 'm  g l a d  b o t h  I  a n d  R o s s b y  c a m e  t o  o u r  s e n s e s .  

B u t  a n y h o w ,  I  h a d  o t h e r  t h i n g s  t h a n  J o e ' s  g r o u p  t o  c o n s i d e r  f o r  J N W P .

H o w  m u c h  i n t e r a c t i o n  d i d  y o u  h a v e  w i t h  J N W P  d u r i n g  t h o s e  y e a r s ?

I  b e c a m e  a  c o n s u l t a n t  f o r  t h e m  -  I  d o n ' t  r e m e m b e r  h o w  q u i c k l y  -  f a i r l y  s o o n ,  i n  

'5 7  I  s u p p o s e ,  '5 8 .  A l l  t h e  w a y  t h r o u g h  1 9 7 0  o r  s o ,  b u t  i t  w a s  v e r y  o c c a s i o n a l  

a n d  o n e  o f  t h e  e f f e c t s  o f  t h a t  w a s  t h a t  w h e n  t h e  t i m e  c a m e  l a s t  f a l l  f o r  t h e  C i v i l  

S e r v i c e  t o  f i g u r e  o u t  m y  r e t i r e m e n t  p a y  I  h a d  t o  w a i t  a n d  w a i t  a n d  w a i t  a n d

w a i t  n i n e  m o n t h s  f o r  s o m e  p o o r  c l e r k  h a d  f i g u r e d  m y ....... t h a t  I  w a s  w o r k i n g  f u l l

t i m e  a l l  t h a t  t i m e ,  f i f t e e n  e x t r a  y e a r s  a n d  t h e y  w e r e  g o i n g  t o  g i v e  m e  a b o u t  

t w i c e  a s  m u c h  m o n e y  a s  I  s h o u l d .  S o m e  b o s s  h i g h e r  u p  t h e  l i n e  k n e w  t h a t  

w a s n ' t  q u i t e  r i g h t  a n d  i t  t o o k  t h e m  n i n e  m o n t h s  t o  u n r a v e l  t h a t .  S o  t h a t  w a s  

s o m e t h i n g  I  h a d  t o  p a y  f o r  l a s t  y e a r .  M a r t h a  a n d  I  w o u l d  a n x i o u s l y  w a i t  f o r  

e a c h  m a i l .

O h  h e c k .  S o  s o m e t i m e  i n . . . . w h e n  d i d  t h e  m o v e  t o  M I T  b e g i n  t o  b e  d i s c u s s e d ?  

I n  t h e  s p r i n g  o f  '5 6 .

W a s  t h i s  b e c a u s e  v o n  N e u m a n n  w a s  b e i n g  p u s h e d  o u t  o f  P r i n c e t o n  o r  b e c a u s e  

h e  w a s  b e i n g  h a u l e d  t o  W a s h i n g t o n ?

W e l l ,  v o n  N e u m a n n ,  y o u  p r o b a b l y  k n o w ,  h a d  c a n c e r ,  a n d  a s  I  r e c a l l ,  m y  

i m p r e s s i o n  w a s  t h a t  a t  t h a t  t i m e  h e  w a s  w i t h  t h e . . . . A t o m i c  E n e r g y . . . . h e  w a s  a  

C o m m i s s i o n e r  o n  t h e  A t o m i c  E n e r g y  C o m m i s s i o n .  H e  h a d  b e e n  s p e n d i n g  a  

f a i r  a m o u n t  o f  t i m e  i n  W a s h i n g t o n  b u t  h e  w a s  a t t r a c t e d  t o  t h e  B o s t o n  a r e a  

b e c a u s e  o f  t h e  m e d i c a l  f a c i l i t i e s  t h e r e .  I 'm  s u r e  M I T  m a d e  e v e r y  c o n c e i v a b l e
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Phillips:

a t t e m p t  t o  g e t  h i m  t h e r e  e v e n  t h o u g h  h e  a n d  W i e n e r  w e r e  p r o b a b l y  a t  o p p o s i t e  

i n t e l l e c t u a l  c a m p s ;  m a y b e  n o t ,  b u t  h e  d i e d  a n d  t h a t  l e f t  J u l e  w i t h o u t  a  h i g h -  

l e v e l  s u p p o r t e r  a t  P r i n c e t o n  a n d  a t  t h e  I n s t i t u t e .  A s  J u l e  h a s  s a i d  i n  h i s  

i n t e r v i e w  w i t h  P l a t z m a n ,  h e  f e l t  o u t  o f  h i s  m i l i e u  w i t h o u t  s o m e  c o n t a c t  w i t h  

d a t a ,  t h e  r e a l  w o r l d  a n d  h e  s u r e l y  w o u l d  n o t  b e  a b l e  t o  g e t  t h a t  a t  P r i n c e t o n .

T h e r e  s e e m e d  - -  J u l e  i n  h i s  d i s c u s s i o n  w i t h  G e o r g e  P l a t z m a n ,  d e s c r i b e s  s o m e  

s o r t  o f  c o n t r o v e r s y  b e t w e e n  W i e n e r  a n d  v o n  N e u m a n n .  I t  s e e m e d  t o  h a v e  

s o m e t h i n g  t o  d o  w i t h  n o t i o n s  o f  p r e d i c t a b i l i t y .  W a s  t h a t .........

Y e a h .  I  d o n ' t  k n o w  a n y  m o r e  t h a n  w h a t  I  r e a d  i n  t h a t  m y s e l f .  I  m a y  h a v e  

k n o w n  m o r e  a t  t h e  t i m e  b u t  I  c e r t a i n l y  d o n ' t  r e m e m b e r  a n y  m o r e .  I  r e m e m b e r  

h e a r i n g  a t  t h a t  t i m e  -  s e c o n d  o r  t h i r d  h a n d  -  s o m e t h i n g  l i k e  t h a t ,  t h a t  W i e n e r  

d i d  n o t  t h i n k  h i g h l y  o f  a t t e m p t s  a t  n u m e r i c a l  w e a t h e r  p r e d i c t i o n ,  b u t  I  d o n ' t  

t h i n k  I  e v e r  h e a r d  a n y  m o r e  t h a n  t h a t .

B u t  y o u  d i d n ' t  k n o w  w h y ?

N o .

S o  a n y w a y ,  y o u  a n d  J u l e ,  I  g u e s s ,  h a d  s e v e r a l  o f f e r s  a n d  y o u . .

U C L A  a n d  a t  M I T .  M I T  r e a c t e d  v e r y  m u c h  f a s t e r  a n d  I  t h i n k  J u l e  w a s  

r e c o r d e d  a s  ( u n i n t e l l i g i b l e )  a t  a  p r i v a t e  u n i v e r s i t y ,  n o t  a  s t a t e  u n i v e r s i t y ,  a n d  

w a s  w i l l i n g  t o  u p g r a d e  t h e  d e p a r t m e n t  i n  g e n e r a l  b y  p r o m o t i n g  S t a r r  a n d  

L o r e n z  a n d  l e t  m e  c o m e  a l o n g .  J u l e  g o t  a l l  h e  a s k e d  f o r .

N o r m ,  I  w o u l d  l i k e  t o  a s k  a  q u e s t i o n .  A t  t h a t  t i m e  w a s  t h e r e  a n y  t h o u g h t  o f  

h a v i n g  c o m p u t i n g  f a c i l i t i e s  w h e r e v e r  J u l e  w e n t  a n d  y o u  e v e n t u a l l y  w e n t ?

M I T  h a d  a  c o m p u t e r  o f  s o r t s  a t  t h a t  t i m e  o r  w a s  g e t t i n g  o n e  b e c a u s e  I

r e m e m b e r  a s  s o o n  a s  I  g o t  t h e r e  I  s t a r t e d  p r o g .......  A t  t h a t  t i m e  w e  h a d  t h e

l u x u r y  o f  h i r i n g  a  p r o g r a m m e r  a n d  I  b e g a n  w o r k i n g  o n  f i l t e r i n g  o f  t h e  n o i s e  

f r o m  t h e  c o m p u t a t i o n  a n d  t h a t  w a s  w i t h  t h e  M I T  c o m p u t e r .

B u t  t h a t  w a s n ' t  a  f a c t o r  p r o b a b l y  i n  J u l e ' s  m i n d ?

I  d o n ' t  k n o w ,  W a r r e n .  M a y b e  t h e  p r o m i s e  t h a t  t h a t  w o u l d  b e  t h e r e  s h o r t l y  w a s  

e n o u g h  t o  k e e p  J u l e  h a p p y .  H e ,  I  g a t h e r ,  w a s  q u i c k l y  b e c o m i n g ,  a n d  h e  

w a n t e d  t o  g e t  t h i s  b u r d e n  o f  n u m e r i c a l  w e a t h e r  p r e d i c t i o n  o f f  h i s  b a c k  o n c e  

h e 'd  e s t a b l i s h e d  t h a t  c y c l o g e n e s i s  c o u l d  b e  p r e d i c t e d .  T h e n  h e  g o t  i n t e r e s t e d  i n  

h u r r i c a n e s ,  g e n e r a l  c i r c u l a t i o n ,  G u l f  S t r e a m  -  y e s .
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K a s a h a r a :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

W a s h i n g t o n :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

Hollingsworth: I n  t h a t  p e r i o d  t h e n  f r o m  '5 6  t h r o u g h  1 9 6 0  o r  s o ,  y o u  h a v e  a  w h o l e  s e r i e s  o f  

p a p e r s  w h e r e  y o u  w e r e  w o r k i n g  o n  t h e  d e v e l o p m e n t  o f  t h e  t e c h n o l o g y  o f  

p r i m i t i v e  e q u a t i o n  m o d e l s .  T h e  p r i m e  a n d  p e r h a p s  m o s t  e n d u r i n g  c o n t r i b u t i o n  

t h e r e  w a s  t h e  s h o r t e s t  o f  a l l  t h o s e  p a p e r s  w h i c h  w a s  t h e - -

S i g m a !

S i g m a  c o o r d i n a t e s  -  w h i c h  i s  s t i l l  u s e d  b y  j u s t  a b o u t  e v e r y b o d y  e x c e p t  p e r h a p s  

y o u r  t e a m ,  A k i r a .  I t ' s  u s e d  h e r e  t o o .

I  d e c i d e d  t o  c a l l  -  y o u  s a i d  t h e  s i g m a  c o o r d i n a t e ,  P h i l l i p s '  c o o r d i n a t e .

. . . a t  N M C  I  s u s p e c t  t h e i r  n e x t  s h o r t - r a n g e  f o r e c a s t  m o d e l  w i l l  h a v e  F e o d o r  

M e s s i n g e r ' s  c o o r d i n a t e .

W h e r e  d i d  t h a t  i d e a  c o m e  f r o m ?

G o o d n e s s  k n o w s .  I  k n e w  i t  w a s  a  p r o b l e m ,  a n  a w k w a r d  p r o b l e m .  I  w o u l d  n o t  

b e  s u r p r i s e d  t o  h e a r  t h a t  i t  h a d  a l r e a d y  b e e n  d o n e  i n  a  s l i g h t l y  d i f f e r e n t  f o r m  i n  

o t h e r  b r a n c h e s  o f  h y d r a u l i c s  o r  f l u i d  m e c h a n i c s  s o m e p l a c e .

W a s  t h e r e  s o m e  w o r k  o f  S t a r r  a t  o n e  e a r l i e r  t i m e  t h a t  h i n t e d  a t  s o m e  k i n d  o f  

c o o r d i n a t e  t r a n s f o r m a t i o n ?  I n  f a c t ,  i f  y o u  l o o k  b a c k  a t  R i c h a r d s o n ' s  w o r k  h e  

a c t u a l l y  d o e s  k i n d  o f  a  c o o r d i n a t e  t r a n s f o r m a t i o n  i n  t h e  f i r s t  l a y e r  a b o v e  t h e  

g r o u n d  -  n o t  l i k e  t h e  s i g m a  i d e a  b u t  i t ' s . . . .

I ' l l  h a v e  t o  g o  b a c k  a n d  l o o k  a t  t h a t .  M a y b e  I  w a s  i n f l u e n c e d  b y  t h a t ,  I  d o n ' t  

r e m e m b e r .

I n  t h i s  s e r i e s  o f  p a p e r s  t h e r e  w a s  a  s i g m a  c o o r d i n a t e  p a p e r  w h i c h  s e e m e d  t o  

h a v e  s p r u n g  o u t  o f  n o w h e r e .  T h e r e  w a s  a  s e r i e s  o f  p a p e r s  o n  t h e  m a p p i n g  

p r o b l e m .  Y o u  h a d  o n e  o r  t w o  p a p e r s  t h e r e .  T h a t  p r o b l e m  d i d n ' t  g e t  s o l v e d  f o r  

a  l o n g  t i m e  - s a t i s f a c t o r i l y  I  t h i n k .  Y o u  c o u l d n ' t  r u n  a  g l o b a l  m o d e l  w i t h - -

- - p o l a r  s i n g u l a r i t i e s .

- - w i t h  t h e  p o l a r  s i n g u l a r i t i e s .  T h a t  p r o b l e m  c e r t a i n l y  t o o k  a  w h i l e  b e f o r e  i t  

w a s  e f f e c t i v e l y  s o r t e d  o u t .  T h e n  t h e r e  w a s  a  p a p e r  w i t h  t h e  E l i a s s e n  g r i d .

O h  y e a h .

- - w h i c h  y o u  p r e s e n t e d  a t  a  s e s s i o n  i n  T o k y o .

T h a t ' s  r i g h t .  T h a t  f o r m e d  t h e  b a s i s  f o r  t h e  N e s t e d  G r i d  M o d e l  I  d e v e l o p e d  a t
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N M C .

I t  s e e m e d  t o  m e  t h a t  t h e r e ' s  a  l i n k  -  t h e r e  m u s t  b e  s o m e  r e l a t i o n s h i p  b e t w e e n  

t h e  g r i d  t h a t  R i c h a r d s o n  p r o p o s e d .  T h e  c h e c k e r b o a r d  p a t t e r n  w a s  u s i n g  t h e s e  

m o v i n g  f r o m  o n e  s e t  o f  g r i d  p o i n t s  t o  a n o t h e r  s e t  o f  g r i d  p o i n t s  a t  e v e r y  h a l f ­

t i m e  s t e p .

R e a l l y ?

O h  y e s .

I  d o n ' t  r e m e m b e r  t h a t  b e c a u s e  I  d o n ' t  t h i n k  h e  h a d  a  L a x - W e n d r o f  s c h e m e .

H e  w a s  u s i n g .......h e  h a d  t h e  h a l f - t i m e  s t e p s  h e  w o u l d  h a v e  v ' s  a n d  u ' s  i n  o n e

a r r a n g e m e n t  r e l a t i v e  t o  t h e  g e o p o t e n t i a l  p o i n t  a n d  t h e y  w o u l d  h a v e  t h e  

o p p o s i t e  a r r a n g e m e n t  a t  t h e  o t h e r  s e t  o f  t i m e  s t e p s .  [ H .  i s  w r o n g  o n  t h i s  p o i n t - -  

N A P ]

A l l  I  k n o w  i s  m y  i m p e t u s  -  t h e  i m p e t u s  f o r  m e  c a m e  f r o m  E l i a s s e n ' s  p r o j e c t  

r e p o r t  a t  U C L A .  H e  s h o w e d  t h e  a d v a n t a g e  o f  a  s t a g g e r e d  g r i d  - -  t h e  e f f i c i e n c y  

o f  i t .

H o w  m u c h  e f f e c t  d i d  t h i s  w o r k  h a v e  o n  t h e  d e v e l o p m e n t  o f  p r i m i t i v e  e q u a t i o n  

m o d e l i n g  i n  g e n e r a l ?  W e  a l l  k n o w  a b o u t  t h e  s i g m a  c o o r d i n a t e s  b u t  t h e  

m a p p i n g  p r o b l e m  a n d  t h e - -

I  d o n ' t  t h i n k  t h e  m a p p i n g  p r o b l e m . . . . t h a t  t h o s e  o n e  o r  t w o  p a p e r s  o n  t h e  

m a p p i n g  h a d  a n y  e f f e c t  o t h e r  t h a n  w h a t  I  d i d .  I t  p r e p a r e d  m e  f o r  t h e  

f a m i l i a r i t y  w i t h  s t e r e o g r a p h i c  c o o r d i n a t e  t h a t  I  l e a r n e d  t h e r e .  I t  m a d e  i t  e a s y  

f o r  m e  t o  d e v e l o p  a  p r a c t i c a l  h e m i s p h e r i c  s c h e m e . . . . a  r o b u s t  k i n d  o f  

h e m i s p h e r i c  s c h e m e  a n d  t h e n . . .

I t  w a s  a l s o  a t  t h i s  t i m e  y o u  s a i d  t h a t  y o u  w e r e  b e g i n n i n g  t o  a c t  a s  a  c o n s u l t a n t  

f o r  J N W P  o r  w a s  i t  w i t h  S m a g o r i n s k y ' s  g r o u p ,  o r  b o t h ?

N o ,  i t  w a s  w i t h  J N W P  i n  S u i t l a n d .  I  t h i n k  t h e  c o m p u t a t i o n s  t h a t  I  r e p o r t e d  o n  

i n  T o k y o  w e r e  a c t u a l l y  d o n e  w i t h  t h e  N M C  c o m p u t e r  -  t h e  J N W P  c o m p u t e r .  

C r e s s m a n  h a d  s o m e  e x t r a  c o m p u t e r  t i m e  a t  o n e  m o m e n t  a n d  i n v i t e d  m e  t o  u s e  

i t .

W h o  w a s  f u n d i n g  y o u r  w o r k  a t  t h i s  t i m e ?

O r i g i n a l l y  i t  w a s  t h e  O f f i c e  o f  N a v a l  R e s e a r c h ,  a n d  t h e n  A i r  F o r c e  C a m b r i d g e
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W a s h i n g t o n :
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H o l l i n g s w o r t h :
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s u p p l e m e n t e d  t h a t .  T h e n  t h e  N S F  w a s  c r e a t e d  a n d  J u l e  f o u n d  i t  m u c h  m o r e  

c o m p a t i b l e  t o  w o r k  w i t h  N S F .  A n d  o f  c o u r s e  t h e y  w e r e  h a p p y  t o  s u p p o r t  s u c h  

a n  e s t a b l i s h e d  g i a n t .  T h a t  w o r k e d  o u t  n i c e .  I  h a d  t o . . . . I  w a s  o n  a l l  o f  J u l e ' s  -  

n o t  a l l  o f  J u l e ' s  p r o j e c t s ,  b u t  h i s  m a j o r  p r o j e c t s  d u r i n g  a l l  t h e  t i m e  u n t i l  I  

b e c a m e  C h a i r m a n  a t  M I T  i n  1 9 7 0 .  H e  d i d  m u c h  o f  i t  -  I  d i d  l e s s  o f  t h e  d o g  

w o r k  o f  r e n e w i n g  p r o p o s a l s  a n d  g r a n t s .  H e  d i d  m o s t  o f  t h a t .

W h i l e  y o u  w e r e  d o i n g  t h i s  w o r k  i n  t h e  s e c o n d  h a l f  o f  t h e  s i x t i e s  s o  t o  s p e a k ,  

S m a g o r i n s k y  w a s  w o r k i n g  a w a y  l i k e  h e l l  a n d  I  g u e s s  h e  p r o b a b l y  h a d  h i s  

i n t e g r a t i o n s ,  h i s  f i r s t  i n t e g r a t i o n s ,  w i t h  t h e  t w o - l e v e l  P  m o d e l  a l r e a d y  

c o m p l e t e d ,  I  t h i n k ,  b y  '5 8  o r  '5 9 .  T h e n  h e  s p e n t . . . h e  m u s t  h a v e  s p e n t  a b o u t  

f o u r  y e a r s  a n a l y z i n g  a n d  w r i t i n g  t h e m  u p .  W e r e  y o u  a w a r e  o f  t h e  w o r k  t h a t  

w a s  g o i n g  o n  i n  h i s  l a b  a t  t h i s  t i m e ?

Y e s .  H e  w a s  w o r k i n g  w i t h  t h e  K u r i h a r a  g r i d  a t  t h a t  t i m e  I  t h i n k ,  o r  d i d  t h a t  

c o m e  l a t e r ?

H e ' s  t a l k i n g  a b o u t  t h e  c h a n n e l  f l o w .

C h a n n e l  f l o w ,  y e a h .

I  k n e w  a b o u t  i t  b u t  I  d o n ' t  k n o w . . . . b e c a u s e  I  t o o k  o f f  f r o m  s o m e  a s p e c t s .

Y o u  m e n t i o n e d  O p p e n h e i m e r  a  l i t t l e  w h i l e  a g o ,  a n d  i f  y o u  c o u l d  c a l l  J u l e  

C h a r n e y  t h e  O p p e n h e i m e r  o f  n u m e r i c a l  m o d e l l i n g ,  t h e  m a n  w i t h  t h e  b r i l l i a n c e  

a n d  c h a r i s m a ,  i t  s e e m e d  t o  m e  t h a t  S m a g o r i n s k y  m i g h t  b e  d e s c r i b e d  a s  t h e  

T e l l e r .

O h !  O h  d e a r !

H o w  w o u l d  y o u  r e a c t  t o  t h a t ?

I  w a s  a f r a i d  y o u  w e r e  g o i n g  t o  c a l l  m e  t h e  T e l l e r .  N o ,  t o o  h a r d  t o  d r a w  

a n a l o g s .  I  d o n ' t  k n o w  T e l l e r  t h a t  w e l l .

H e  w a s  t h e  m a n  w i t h  t h e  s u p e r ,  a n d  J o e  r e a l l y  w e n t  f o r  i t  i n  a  b i g  w a y .  O K .  I t  

s e e m s  t o  m e  t h a t  t h i s  c o m i n g  t o  t h e  e n d  o f  t h e  1 9 6 0 's ,  s o r r y ,  t h e  e n d  o f  t h e  o f  

t h e  1 9 5 0 ' s  a n d  e a r l y  p a r t  o f  t h e  1 9 6 0 ' s  t h e r e  s e e m e d  t o  b e  a  s e a  c h a n g e  i n  y o u r  

c a r e e r .  I t  w a s  a  v e r y  m a r k e d  b r e a k p o i n t  f r o m  m a n y  d i f f e r e n t  a s p e c t s .  I  

w o n d e r e d  o f t e n  w h a t  h a p p e n e d  a r o u n d  t h a t  t i m e  t h a t  t o o k  y o u  a w a y  f r o m  

n u m e r i c a l  m o d e l l i n g  a n d  i n t o  t h e  w o r k  o n  c o n v e c t i o n ,  o n  d i s h p a n  a n d  

o c e a n o g r a p h y ,  a n d  s o  o n .  I t  w a s  a  v e r y  m a r k e d  c h a n g e .

35



AMS-TRIP: Phillips

H o l l i n g s w o r t h :

P h i l l i p s :

K a s a h a r a :

H o l l i n g s w o r t h :

K a s a h a r a :
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T r i b b i a :
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Phillips: I  g u e s s  I  h a d  r u n  o u t  o f  i d e a s  o r  s o m e t h i n g . . . .  a n o t h e r  a r e a ,  a n d  I  w a s  i n  a  

m a r v e l o u s  l o c a t i o n  t o  b e  e x p o s e d  t o  n e w  i d e a s .  W e  h a d  t h e s e  s e m i n a r s  a t  

W o o d s  H o l e ,  o c e a n o g r a p h e r s ,  m e t e o r o l o g i s t s  a n d  m a t h e m a t i c i a n s  a n d  I  

t h o u g h t  I ' d  t r y  m y  h a n d  a t  s l i g h t  t h e o r e t i c a l  w o r k s  i n s t e a d  o f  N W P .  B u t  t h e n  

t h e r e  w a s  a  r e v e r s e ,  a n d  i n  t h e  e a r l y  7 0 ' s  I  d e c i d e d  t o  g o  b a c k  t o  N W P .

W o u l d  i t  b e  f a i r  t o  s a y  t h a t  t h a t ' s  w h e r e  y o u r  h e a r t  w a s  a l l  a l o n g ?

N o ,  I  e n j o y e d  t h e  t h e o r e t i c a l  w o r k  w h e n  I  w a s  d o i n g  i t .  B u t  t h e r e  w e r e  s o m e  

f u n  t h i n g s  i n  t h a t .  T h e  R o s s b y  w a v e  w i t h  I b b e t s o n ,  a n d  w i t h  W a l t e r  M u n k ,  t h e  

i n e r t i a  w a v e  s p e c t r u m  i n  t h e  o c e a n  a n d  . . . .  T h a t  w a s  a  g l o r i o u s  p l a c e  t o  b e  i n  

t h e  n a t i o n  a t  t h a t  t i m e .

A r e  y o u  g o i n g  t o  b r i n g  u p  d i s c u s s i o n  w i t h  . . . .

O h ,  s o r r y ,  t h a t ' s .  O K .

H o w  m u c h  t i m e  d o  w e  h a v e ?

W e  h a v e  p l e n t y  o f  t i m e  o n  t h i s  o n e ,  w e  h a v e  a n o t h e r  f i f t e e n  m i n u t e s  e a s i l y  o n  

t h i s  t a p e .

O n e  o t h e r  p o i n t  t o  m a k e .  T h e  n o n - l i n e a r  c o m p u t a t i o n a l  i n s t a b i l i t y  a n d  h o w . . . .

T h a t  w a s  d e v e l o p e d . . . t h a t ' s  a  g o o d  e x a m p l e  b e c a u s e  t h e  u s e  o f  l o w - o r d e r  

s y s t e m s  b y  S a l t z m a n  a n d  m o s t  p r o f o u n d l y  b y  L o r e n z ,  I  w a s  f a m i l i a r  w i t h  i n  

t h e  l a t e  f i f t i e s .  I  j u s t  p l a y e d  a r o u n d  u n t i l  I  f o u n d  a  s y s t e m  w h i c h  s e e m e d  t o  

h a v e  t h e  r i g h t ,  w h a t  w o u l d  y o u  c a l l  i t ,  c h a o s ,  I  d o n ' t  k n o w .

C h a o s  i n  t h e  l i t e r a l  s e n s e .

C a n  I  f o l l o w  u p  o n  t h a t ?  W e r e  y o u  s e a r c h i n g  f o r  t h e  a n s w e r  t o  t h a t  q u e s t i o n  a s  

w h y  t h e  g e n e r a l  c i r c u l a t i o n  m o d e l . . . .

T h a t ' s  a  g o o d  q u e s t i o n .  Y e s .  B e c a u s e  I  r e m e m b e r  R o s s b y  a s k e d  m e ,  " L o o k ,  

y o u  s t a r t e d  o u t  t h e  c o m p u t a t i o n s  w i t h  s m a l l  r a n d o m  p e r t u r b a t i o n s  a n d  t h e y  

d e v e l o p e d  i n t o  a  n i c e  e d d y  b u t  y e t  y o u  e n d  u p  t h e  c o m p u t a t i o n s  w h i c h  s e e m  t o  

b e  e q u a l l y  r a n d o m  n o i s e .  W h a t ' s  g o i n g  o n  h e r e ? "  I  r e m e m b e r  R o s s b y  a s k e d  

m e  t h a t .  I  s u p p o s e  t h a t  s t u c k  i n  m y  m i n d  f r o m  '5 6  o r  s o ,  '5 7  i t  p r o b a b l y  w a s  

w h e n  h e  s a i d  t h a t  t o  m e .  U n t i l  '5 9  o r  s o ,  u n t i l  I  c o u l d  g e t  s o m e  s i m p l e  e x a m p l e  

o f  i t .  N o w a d a y s  I  d o n ' t  t h i n k  i t ' s  p r o b a b l y  m o s t  d i f f i c u l t  -  I  d o n ' t  t h i n k  i t ' s  t h a t  

f u n d a m e n t a l  a  t h i n g .  B u t  t h a t ' s  t h e  w a y  i t  h a p p e n s  i n  t h a t  p a r t i c u l a r  n u m e r i c a l  

s y s t e m ,  b u t  i t  h a p p e n s  i n  o t h e r  n u m e r i c a l  s y s t e m s ,  t o o .
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P h i l l i p s :

T r i b b i a :

P h i l l i p s :
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P h i l l i p s :

H o l l i n g s w o r t h :

W a s h i n g t o n :

H o l l i n g s w o r t h :

P h i l l i p s :

Hollingsworth:

Hollingsworth:

L o r e n z  w a s  w o r k i n g  w i t h  l o w - o r d e r  s y s t e m s  c e r t a i n l y  b y  t h e  e a r l y  s i x t i e s ,  

p o s s i b l y  e v e n  e a r l i e r ,  a n d  h e  s e e m e d  t o  b e  s h o w i n g  t h a t  t h e r e  w a s  a  d e f i n i t e  

p r e d i c t a b i l i t y  h o r i z o n .  P h i l  T h o m p s o n  h a d  a l r e a d y  r a i s e d  t h i s  i s s u e  i n  '5 7  a n d  

p e r h a p s  W i e n e r  h a d  r a i s e d  i t  e a r l i e r  e v e n .  W h e n  d i d  t h i s  f i r s t  s t r i k e  y o u  a s  a  

s e r i o u s  p r o b l e m  f o r  n u m e r i c a l  w e a t h e r  p r e d i c t i o n ?

Y o u  m e a n  t h e ,  w h a t  w e  n o w  c a l l  " c h a o s " ?  I  d o n ' t  k n o w  h o w  t o  a n s w e r  t h a t .  

T h a t ' s  n o t  t o  s a y  I  h a v e n ' t  t r i e d  t o  t h i n k  o f  t h a t  q u e s t i o n  i n  m y  o w n  m i n d  a n d  

w o n d e r  w h y .  T h a t ' s  a  l i t t l e  b i t  l i k e  t h e  f e l l o w  i n  M o l i e r e ' s  p l a y  w h o  w a s  

g r a t i f i e d  t o  f i n d  o u t  t h a t  h e  h a d  b e e n  s p e a k i n g  p r o s e  a l l  h i s  l i f e !  I  t h i n k  

m e t e o r o l o g i s t s  g e t  s o  u s e d  t o  t h e  i d e a  t h a t  s o m e t h i n g  b a d  i s  g o i n g  t o  g o  w r o n g  

w i t h  t h e i r  f o r e c a s t  t h a t  y o u ' r e  n o t  s u r p r i s e d .  I t  t a k e s  s o m e o n e  w i t h  t h e  i n s i g h t  

o f  E d  L o r e n z  t o  r e a l i z e  t h a t  t h e r e  i s  s o m e t h i n g  t o  e x p l a i n  t h e r e .

L e t  m e  j u s t  f o l l o w  o n  t h a t  a  l i t t l e  m o r e .  W h e n  w a s  t h e  c o n c e p t  o f  l i m i t s  o n  

d a y - t o - d a y  f o r e c a s t i n g  k n o w n ?

I  d o n ' t  t h i n k  m u c h  a t t e n t i o n  w a s  p a i d  t o  i t  u n t i l  R o b i n s o n  r a i s e d  t h e  q u e s t i o n  i n  

h i s  P r e s i d e n t i a l  a d d r e s s ,  I  t h i n k  i t  w a s ,  i n  E n g l a n d .  I  t h i n k  i t  w a s  i n  t h e  e a r l y  

d a y s  o f  F G G E ,  w h e n  i t  w a s n ' t  c a l l e d  F G G E  t h e n ,  b u t  i n  w h i c h  t h e  l i m i t s  w e r e  

s t i l l  w a y  o u t  t h e r e .  H e  m a d e  s o m e  a s s u m p t i o n s ,  p e s s i m i s t i c  a s s u m p t i o n s ,  t o  

s a y  t h a t  p e o p l e  a r e  h o o t i n g  d o w n  a n  e m p t y  w e l l  h e r e .  S o  I  w o u l d  s a y  t h a t  h e  

w o k e  p e o p l e  u p .

T h i s  w a s  a f t e r  t h e  s t u d i e s  b y  C h a r n e y  a n d  S m a g o r i n s k y  a n d  L e i t h .

I 'm  n o t  s u r e .

R o b i n s o n ' s  p a p e r  w a s  i n  '6 7  a n d  t h e  National Academy Report w a s  p u b l i s h e d  

i n  t h e  Bulletin i n  '6 6 .

Y e s ,  b u t  R o b i n s o n  w a s  t a l k i n g  a b o u t  i t  a t  m e e t i n g s  b e f o r e  t h i s .

O K .  S o  y o u ' r e  s a y i n g  t h a t  t h i s  p r o b l e m  o f  t h e  l i m i t s  o n  p r e d i c t i v e  s k i l l  w e r e  

s o m e t h i n g  y o u  j u s t  l i v e d  w i t h  a l l  y o u r  l i f e  a n d . . . .

I t  s e e m e d  t o  m e  t h a t  w e  h a d n ' t  e x h a u s t e d  t h e  p o s s i b i l i t i e s  o f  t h e  d a t a  y e t  a n d  

t h a t  w a s  m y  p r i m e  p r i o r i t y .

L e t ' s  t a l k  a b o u t  t h e  d a t a  t h e n  f o r  a  l i t t l e  w h i l e  b e c a u s e  y o u  h a d  a  p a p e r  i n  1 9 6 0  

o r  t h e r e a b o u t s  o n  t h e  p r o b l e m  o f  t h e  i n i t i a l  d a t a  f o r  t h e  p r i m i t i v e  e q u a t i o n s  

w h i c h  w a s  t r y i n g  t o  e x p l a i n  s o m e  a p p a r e n t  a n o m a l i e s  i n  s o m e  o f  J u l e ' s  w o r k
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K a s a h a r a :

Phillips:

a n d  i n  s o m e  o f  y o u r  w o r k  a n d  H i n k e l m a n n ' s  w o r k .  Y o u  u s e d  t h e  i d e a  o f  

p r o j e c t i n g  t h e  i n i t i a l  s t a t e  o n t o  R o s s b y  m o d e s  a n d  g r a v i t y  m o d e s .  T h e n  b y  

l o o k i n g  a t  t h e  l i n e a r  a s p e c t s  o f  t h e  p r o b l e m  y o u  c o u l d  u n d e r s t a n d  t h e  w a y s  i n  

w h i c h  t h e  i n i t i a l  d a t a  c o u l d  l e a d  t o  n o i s y  i n t e g r a t i o n s  a n d  t h e  s o r t s  o f  t h i n g s  

t h a t  y o u  h a d  t o  o v e r c o m e  t h a t  p r o b l e m .

T o  g o  b e y o n d  t h a t  i t  n e v e r  o c c u r r e d  t o  m e  a n d  o n e  n e e d e d  t h e  D a n i s h  E l i a s e n  

a n d  M a c h e n h a u e r ' s  i n s i g h t s  a n d  c o m p u t a t i o n s  t o  s h o w  t h a t  t h e  f a s t  m o d e s  

t a g g e d  a l o n g  w i t h  t h e  s l o w  m o d e s .  T h a t  d i d  n o t  o c c u r  t o  a n y o n e  t h e o r e t i c a l l y .  

T h a t  c a m e  f r o m  t h e i r  c o m p u t a t i o n s ,  a s  I  r e c a l l .  O n e  w o u l d  h a v e  t o  a s k  F e r d  

B a e r  w h e t h e r  h e  t h o u g h t  o f  t h a t  i n d e p e n d e n t l y  o f  M a c h e n h a u e r .

T h e  w o r k  o f  B a e r  a n d  T r i b b i a  o n  o n e  h a n d  a n d  M a c h e n a u e r  w e r e  r a p i d l y  

e s t a b l i s h e d  a s  b e i n g  c l o s e l y  r e l a t e d  t o  e a c h  o t h e r .  T h e y  s e e m  t o  c o m e  a l m o s t  

a s  a  b o l t  f r o m  t h e  b l u e  i n  t e r m s  o f  t h e  l o n g  d e v e l o p m e n t  t h e r e  h a d  b e e n  a n  i d e a  

o f  g e o s t r o p h i c  i n i t i a l i z a t i o n  o r  s e t t i n g  i t  u p  g e o s t r o p h i c a l l y ,  a n d  t h e n  l o o k i n g  a t  

t h e  h o r r e n d o u s  b a l a n c e  e q u a t i o n .  I n  f a c t ,  F j 0r t o f t  w a s  s t i l l  i n t e g r a t i n g  t h e  

b a l a n c e  e q u a t i o n ,  I  t h i n k .  W e l l  i n t o  t h e  '8 0 s  e v e n .

J u l e  w a s  s t i l l  o r  w o u l d  h a v e  l i k e d  t o  h a v e  s o l v e d  t h a t  p r o b l e m  b e f o r e  h e  d i e d .

B u t  y e t  i n  t h a t  1 9 6 0  p a p e r  i t  w a s  a s  i f  t h e  p e n n y  w a s  t i t t e r i n g  o n  t h e  e d g e  o f  t h e  

d r o p  b u t  t h e  p e n n y  d i d n ' t  q u i t e  d r o p .

Y o u  m e a n  I  d i d  t h e  s i m p l e  t h i n g .  I  j u s t . . . . a l l  I  d i d  w a s . . . . I  t h o u g h t  a l l  I  w a s  

d o i n g  w a s  s h o w i n g  t h a t  H i n k e l m a n n  a n d  C h a r n e y  w e r e  j u s t  l o o k i n g  a t  

d i f f e r e n t  s i d e s  o f  t h e  e l e p h a n t .  T h a t ' s  a l l  I  t h o u g h t  I  w a s  d o i n g .  T h e y  w a n t e d  a  

s l i g h t l y  m o r e  g e n e r a l  t h e o r y  t h a t  w o u l d  i n c l u d e  b o t h  o f  t h e m .  B o t h  o f  t h e m  

r e c o g n i z e d  t h a t  f a c t  i m m e d i a t e l y  o n c e  I ' d  s e n t  t h e m  a  p r e p r i n t .

W i t h  h i n d s i g h t  n o w  d o  y o u  f e e l  t h a t  y o u . . . .

I  m i s s e d  t h e  b o a t  t h e n .

H o w  d i d  p e o p l e  c o p e  t h e n  t h r o u g h  t h e  s i x t i e s  w i t h  t h e  i n i t i a l i z a t i o n  p r o b l e m s ?

A t  N M C  t h e y  u s e d  t h e . . . . a t  N M C  t h e y  d i d  n o t  m a k e  p r i m i t i v e  e q u a t i o n  

f o r e c a s t i n g  u n t i l  t h e  l a t e  s i x t i e s .  I  d o n ' t  k n o w  t h a t  a n y o n e  e l s e  w a s  d o i n g  i n  t h e  

w o r l d  s e r i o u s l y  b e f o r e  t h e n .  T h e y  u s e d  g e o s t r o p h i c  w i n d s  u p g r a d i n g  t h e m  

w i t h  c o r r e c t i o n .  T h e y  u s e d  t h a t  e v e n  i n  t h e i r  p r i m i t i v e  e q u a t i o n  b a r o t r o p i c  

m o d e l  a n d  t h a t  m o d e l  t o o k  a  b i g  j u m p  i n  a c c u r a c y  i n  a  t w o - d a y  f o r e c a s t  w h e n  

t h e y  s t a r t e d  u s i n g  w i n d s . . . . p u t  w i n d s  i n t o  t h e  a n a l y s i s  i n  a  d i r e c t  w a y .

Y o u  t o o k  i n t e r e s t  i n  w o r k i n g  o n  o b j e c t i v e  a n a l y s i s .
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Phillips:

K a s a h a r a :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

K a s a h a r a :

T h a t  d i d n ' t  s t a r t  u n t i l  1 9 7 4 .  F l a t t e r y  h a d  b e e n  w o r k i n g  o n  i t ,  o f  c o u r s e  h e

w a s .......  T h e y  w e r e  j u s t  i m p l e m e n t i n g  t h a t  w h e n  I  c a m e  t o  N M C  i n  1 9 7 4 .  I

r e m e m b e r  s o m e  o f  t h e  f o r e c a s t e r s ,  s o m e  o f  t h e  m o r e  c o n s e r v a t i v e  o n e s ,  w e r e  

o b j e c t i n g  t o  h o w  t h a t  d i f f e r e d  f r o m  t h e  s t a n d a r d  C r e s s m a n  m e t h o d .

I n  f a c t  t h a t  s c h e m e  c a m e  f r o m  a  s o m e w h a t  d i f f e r e n t  r o u t e ,  i n i t i a l i z a t i o n ,  b u t  

m o r e  f o r  a n a l y s i s .

P r o b a b l y  s o ,  p r o b a b l y  s o .

O f  c o u r s e  D i c k i n s o n  a n d  W i l l i a m s o n ,  h e r e  a t  N C A R  i n  1 9 7 2 ,  I  t h i n k ,  h a d  

e x t e n d e d  y o u r  w o r k  i n  t h e  s e n s e  t h a t  t h e y  e x t e n d e d  i t  t o  t h e  s p h e r e .  T h e n  J o e  

T r i b b i a  i n  h i s  w o r k ,  h e  h a d  a n  e x p a n s i o n  i n  t e r m s  o f  a  s m a l l  p a r a m e t e r  R o s s b y  

n u m b e r .  W h y  d i d n ' t  h e  g e t  t h e  s a m e  r e s u l t  y o u  g o t ?

H e  w a s  d o i n g  s o m e t h i n g  m u c h  m o r e  e x t e n s i v e  t h a n  I  w a s  d o i n g .  I  w a s  n o t . . . . I  

w a s  e n d i n g  u p  w i t h  o n l y  s l o w  m o d e s  i n  t h e  a n a l y s i s .  [ I  a m  w r o n g  i n  t h i s  l a s t  

s e n t e n c e .  N A P ]  H e  w a s  p u t t i n g  i n  t h e  f a s t  m o d e s  t h a t  b e l o n g  t h e r e .

H i s  r e s u l t  c a m e  f r o m  a  c o n s i s t e n t  e x p a n s i o n  i n  R o s s b y  n u m b e r .  A n d  i f  t h e r e  i s  

o n e  t h i n g  y o u ' r e  g o o d  a t . . . . i t ' s  e x p a n s i o n s  i n  R o s s b y  n u m b e r .

T h a t  t a k e s  s o m e  i n s i g h t .

I  t h i n k  y o u  p u t  i t  v e r y  c o r r e c t l y  i n  s a y i n g  y o u  w e r e  i n t e r e s t e d  i n  t h e  d e s c r i p t i o n  

o f  s l o w  m o d e s .

W a s h i n g t o n :  W a s n ' t  t h e r e  a  p r e s c r i p t i o n  i n  y o u r  p a p e r  t o  i n c o r p o r a t e  t h e  q u a s i - g e o s t r o p h i c -  

H o l l i n g s w o r t h :  S o r r y  g e n t l e m e n ,  w e ' r e  g o i n g  t o  h a v e  t o  s t o p .

END OF TAPE 2, SIDE 1
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TAPE 2, SIDE 2

H o l l i n g s w o r t h :

P h i l l i p s :

T r i b b i a :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

Hollingsworth:

Interview with Norman Phillips

O n e  s e c o n d .  J u s t  s a y  t h a t  a g a i n  N o r m .  Y o u  w e r e  s a y i n g  t h a t  y o u r  p a p e r  w a s  a  

c h e a p  v e r s i o n . . .

M y  p a p e r  w a s  a  c h e a p  v e r s i o n  o f  w h a t  C h u c k  L e i t h  d i d  i n  h i s  s l o w  m o d e  p a p e r  

b u t  w i t h o u t  t h e  h a p p y  c h o i c e s  o f  n o m e n c l a t u r e  t h a t  C h u c k  i n t r o d u c e d .

I  t h i n k  w e  s h o u l d  b a c k t r a c k  b e c a u s e  p a r t  o f  w h a t  w a s  s a i d  w a s  p r o b a b l y  

m i s s e d  i n  t h e  c h a n g i n g  o f  t h e  t a p e .  I  w a s  m e n t i o n i n g  t h a t  i n  t h e  1 9 6 0  p a p e r  

y o u  h a d  a  p r e s c r i p t i o n  f o r  s p e c i f y i n g  t h e  d i v e r g e n t  c o m p o n e n t  o f  t h e  w i n d  i n  

t e r m s  o f  t h e  q u a s i - g e o s t r o p h i c  e x p a n s i o n  t h e o r y .  I n  f a c t ,  I ' d  s a y  n i n e t y  p e r c e n t  

( 9 0 % )  o f  w h a t ' s  d o n e  i n  n o r m a l  m o d e  i n i t i a l i z a t i o n  i s  e n c a p t u r e d  b y  t h a t  

a p p r o x i m a t i o n ,  a n d  s o  t o  s o m e  e x t e n t ,  a s  T o n y  h a s  m e n t i o n e d ,  t h e  p e n n y  w a s  

a c t u a l l y  v e r y  c l o s e  t o  d r o p p i n g  a t  t h a t  p o i n t .

M a y b e  s o .  B u t  I  t h i n k  t h e  w a y  t h e  n o r m a l  m o d e  i n i t i a l i z a t i o n  h a d  b e e n  c a r r i e d  

o n  - -  w a s  c a r r i e d  o n  i n  p r a c t i c e  i n  t h e  f i r s t  f i v e  t o  t e n  y e a r s  o f  i t s  e x i s t e n c e ,  

b e n e f i t  - -  m a d e  a  b i g  c o n t r i b u t i o n  b y  h a p p e n i n g  a t  t h e  s a m e  t i m e  t h a t  p e o p l e  

c o u l d  a p p l y  i t  t o  s p h e r i c a l  f u n c t i o n s ,  g l o b a l  f u n c t i o n s .

I t  w a s  q u i t e  e x t r a o r d i n a r y  i n  a  w a y  t h a t  L e i t h  w a s  a b l e  t o  d e m o n s t r a t e  t h e  

c o n n e c t i o n  b e t w e e n  t h e  t w o  a n d  t h e n  A k i r a  K a s a h a r a  w a s  a b l e  t o  e x t e n d  i t  t h e n  

t o  t h e  b e t a - p l a n e .  I t  w a s  a  v e r y  r e m a r k a b l e  b u s i n e s s .  O K .  S o  g o i n g  b a c k  t h e n  

t o  t h e  1 9 6 0 's  y o u 'd  t a k e n  o n  t h e  h o r r e n d o u s  j o b  o f  e d i t i n g  J A S  a t  t h a t  t i m e .  I n  

y o u r  d e s c r i p t i o n  o f  t h a t ,  t h a t  y o u  o r  J a s t r o w  w e r e  r e f e r e e  f o r  e v e r y  s i n g l e  p a p e r  

t h a t  w a s  p u b l i s h e d .

O n e  o f  t h e  r e f e r e e s .

O n e  o f  t h e  r e f e r e e s  f o r  e v e r y  s i n g l e  p a p e r .  W a s  t h a t  s t a n d a r d  p r a c t i c e  f o r  t h e  

e d i t o r s  o f  j o u r n a l s  a t  t h a t  t i m e ?

M a y b e  i n  s m a l l e r  j o u r n a l s ,  I  d o n ' t  k n o w .  I  d o u b t  i t .  W e r n e r  B a u m  w a s  t h e  

p r e v i o u s  e d i t o r  o f  J A S ,  t h e  J o u r n a l  o f  M e t e o r o l o g y ,  a n d  I 'm  s u r e  h e  d i d n ' t  

r e a d  e v e r y  p a p e r  i n  t h a t  k i n d  o f  d e t a i l .  H e  w a s  D e a n  a n d  P r e s i d e n t  o f  t h e  

U n i v e r s i t y  -  a l l  k i n d s  o f  t h i n g s .  I t  m a y  h a v e  b e e n  i n  t h e  e a r l y  d a y s  w h e n  

V i c t o r  S t a r r  a n d  R a y  M o n t g o m e r y  w e r e  e d i t o r s  i n  t h e  l a t e  f o r t i e s .

It must have eaten a lot into the home life.
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H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

K a s a h a r a :

H o l l i n g s w o r t h :

P h i l l i p s :

Phillips:

A t  t h a t  t i m e  t o o  y o u  p u b l i s h e d . . . .

I t  t o o k  u p . . . . I  d i d n ' t  p l a y  t h e  F r e n c h  h o r n  i n  t h a t  t i m e  s o  I  h a d  a  l o t  o f  t i m e  t o  

b e  e d i t o r .

I  s e e ,  y o u  l o s t  y o u r  l i p .  Y o u  p u b l i s h e d  a  p a p e r  o n  g e o s t r o p h i c  m o t i o n ,  a  

r e v i e w  p a p e r .  O n e  p a r t  o f  t h a t  h a s  l i v e d  a n d  f l o u r i s h e d  i n  m a n y  w a y s .  T h e  

s t a n d a r d  q u a s i - g e o s t r o p h i c  t h e o r y  b u t  t h e  g e o s t r o p h i c  m o t i o n  o f  t h e  s e c o n d  

k i n d  d o e s n ' t  s e e m  t o  h a v e  f l o u r i s h e d  a s  w e l l  i n ,  a t  l e a s t  i n  m e t e o r o l o g y .

N o ,  i t ' s  p r i m a r i l y  o c e a n i c ,  i t  o c c u r s  i n  t h e  o c e a n ,  i t ' s  a  S v e r d r u p  m o d e l .  T h e  

o n l y  p l a c e  y o u  c a n  f i n d  i t  i n  m e t e o r o l o g y  p r o b a b l y  w a s  t h e o r e t i c a l ,  I  d o n ' t  

k n o w ,  L o n g u e t - H i g g i n s  T y p e  6  p e r t u r b a t i o n s .  Y o u  a n d  I  m a y  h a v e  e v e n  w e n t  

o v e r  t h i s .  R e m e m b e r  y o u  f o u n d  a l l  t h e  e r r o r s  i n  t h e  L o n g u e t - H i g g i n s  r e p r i n t .

F o u n d  o n e  o r  t w o  a n y w a y .  D o e s  i t  h a v e  m u c h  r e l e v a n c e  t o  t h e  a t m o s p h e r e ,  

t h i s ?

Y e a h .  T h a t ' s  w h a t  L i n d z e n  u s e d  f o r  t h e  t i d e .

B u t  n o n e  o f  t h a t  t h e o r y  s e e m s  t o  b e  m u c h  g o o d  w h e n  p e o p l e  a r e  w o r k i n g  w i t h  

n u m e r i c a l  m o d e l s  o r  w h e n  t h e y ' r e . . . .

W e l l  t h a t ' s  b e c a u s e  i t ' s  a s s o c i a t e d  w i t h  n e g a t i v e  e q u i v a l e n t  d e p t h s .  T h e y ' r e  n o t  

t o o  r e l e v a n t  t o  t h e  i n i t i a l  v a l u e  p r o b l e m .

B u t  t h e  s a m e  m o d e  a n d  s t r u c t u r e s  o c c u r  i n  t h e  m o d e s  t h a t  w e  u s e  f o r  

i n i t i a l i z a t i o n ,  i t ' s  j u s t  t h a t  t h e y . . . . a n a l y t i c a l l y ,  t h e y ' r e  c o n t i n u o u s  a r e n ' t  t h e y ?

I t ' s  a  d i f f e r e n t  s e t  o f  t h e m  a n d  i t ' s  c o m p l e t e  w i t h o u t  b r i n g i n g  t h o s e  i n .  T h e y  

c a n  d e s c r i b e  t h e  t o t a l  f i e l d ,  a n d  y o u  k n o w .......

W i t h o u t  b r i n g i n g  t h o s e  i n ?

W i t h o u t  b r i n g i n g  t h o s e  i n .

A r e  y o u  n o t  r e f e r r i n g  t o  t h e  g e o s t r o p h i c  m o t i o n  o f  t h e  s e c o n d  k i n d ?

Y e s .  I t ' s  B u r g e r .  O K .  A f t e r  t h a t  -  w h a t  w a s  g o i n g  o n  a t  t h a t  t i m e ,  t h i s  w a s  

'6 3 .

I  c a m e  t o  N C A R  f o r  a  y e a r  a n d  w a s  w o r k i n g  o n  o c e a n o g r a p h i c  p r o b l e m s .

AMS-TRIP: Phillips

I expect it did, yes.
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H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

W a s h i n g t o n :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

Washington:

H o l l i n g s w o r t h :

O h  y e s ,  o n  R o s s b y  w a v e s .  R o t a t i n g ,  l a r g e  r o t a t i n g  b a s i n  t h e y  h a d  a t  W o o d s  

H o l e .

T h a t ' s  a l m o s t  t h e  l a s t  e x p e r i m e n t  w i t h  t h e  d i s h p a n  t h a t  I . . .  I  g u e s s  H i d e ' s  w o r k  

o n  f l o w  o v e r  o r o g r a p h y  w i t h  i n t e r n a l  h e a t i n g  w a s  s t i l l  g o i n g  o n .  I t  w a s  s t i l l  t o  

b e  d o n e .  I t  i s  a l m o s t  t h e  l a s t  w o r k  i n  r o t a t i n g  t a n k s  t h a t  I  c a n  r e c a l l  h a p p e n i n g  

i n  t h e  U n i t e d  S t a t e s .

O h ,  D i c k  P f e f f e r  a t  F l o r i d a  S t a t e .

S t i l l  g o i n g  o n .

V e r y  e l a b o r a t e  s e n s o r s .  I  h a v e n ' t  f o l l o w e d  t h a t  w o r k .  I  d o n ' t  k n o w . . . .

S o  t h e n  y o u  g o t  i n v o l v e d  w i t h  W a l t e r  M u n k .

H e  c a m e  t o  M I T  o n  a  s a b b a t i c a l .  I  k n e w  t h a t  p e o p l e  m a k i n g  t h e s e  

m e a s u r e m e n t s  o f  c u r r e n t s  i n  t h e  o c e a n  w i t h  m o o r e d  b u o y s  f o r  t h e  f i r s t  t i m e  a t  

W o o d s  H o l e .  F e r r i s  W e b s t e r  a n d  l a t e r  F o f o n o f f  o r  m a y b e  i n  t h e  o p p o s i t e  

o r d e r .  F o f o n o f f  h a d  p o i n t e d  o u t  q u i t e  s p e c i f i c a l l y ,  I  t h i n k  i n  o n e  o f  t h e s e  

s e m i n a r s ,  t h a t  t h e  m o t i o n s  i n  t h i s  p e a k  w h i c h  w a s  n o t  y e t  w e l l  d e f i n e d  b y  

t h e m ,  b u t  a r o u n d  t h e  i n e r t i a  p e r i o d  a t  o n e  s i t e ,  w h i c h  w a s  I  t h i n k  a r o u n d  3 0  

d e g r e e s ,  a c t u a l l y  c o n s t i t u t e d  a  m a j o r ,  a  c o n s i d e r a b l e  f r a c t i o n  o f  t h e  k i n e t i c  

e n e r g y  i n  t h e  o c e a n s ,  i n c l u d i n g  a l l  t h e  c u r r e n t s ,  a l l  t h e  s u r f a c e  w a v e s .  W a l t e r  

h a d  h a d  a  s t u d e n t  -  w h a t  w a s  h i s  n a m e ,  M e r l  H e n d e r s h o t t ,  d i d  a  s t u d y  w i t h  a  

b o a t  f o r  a  w h o l e  m o n t h ,  g o i n g  i n  l i t t l e  r e c t a n g l e s  a r o u n d  3 0  d e g r e e s  l a t i t u d e  o f f  

t h e  C a l i f o r n i a  c o a s t  t o  t i e  d o w n  t h e  t i d e .  W e  t h o u g h t  t h i s  w a s  e x p l a i n a b l e  a n d  

I . . . I  d o n ' t  k n o w  w h e r e  I  h a d  r e c e n t l y  r e a d  a b o u t  A i r y  f u n c t i o n s  a n d  h o w  t h e y  

c o m e  i n t o  p l a y  a t  t u r n i n g  p o i n t s  a n d  p o i n t e d  o u t  t o  W a l t e r  t h a t  t h i s  i s  p r o b a b l y  

w h a t ' s  h a p p e n i n g .  T h e  s t u d e n t  w a s  f i n d i n g  t h i s  o u t  a t  t h e  s a m e  t i m e .  W e  j u s t  

w o r k e d  o u t  t h e  t h e o r y  o f  t h e o r e t i c a l  d e s c r i p t i o n  o f  a  s i m p l e  d i s t r i b u t i o n  o f  

m o d e s  w i t h o u t  t h e  t i d e .  S o  w e  s h o w e d  t h a t  i t  w o u l d  h a p p e n  a t  a l l  l a t i t u d e s  - n o  

r e a s o n  w h y  i t  w a s  b o u n d  t o  t h e  3 0  d e g r e e s  o r  6 0  d e g r e e s  a n d  t h a t  t h e  f r e q u e n c y  

I  t h i n k  w o u l d  b e  a  l i t t l e  b i t  l e s s  t h a n  t h e  i n e r t i a  f r e q u e n c y .  I ' v e  f o r g o t t e n .

W h e n  t h e y  r e f i n e d  t h e  m e a s u r e m e n t  t h e y  f o u n d  t h a t  y e s ,  t h a t  w a s  t h e  c a s e .  W e  

p r e d i c t e d  t h a t  l i t t l e . . . .

I  s e e .  I  r e m e m b e r  P e t e r  W e b s t e r  s a y i n g  t h a t  t h e  b l o o d  w a s  f l o w i n g  u n d e r  t h e

'64 or '63?

You were working with Allan Ibbetson, too.
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Phillips: Y e s .  A c t u a l l y ,  I  w e n t  o f f  f i n a l l y  t o  L a  J o l l a  t o  w r a p  u p  t h e  p a p e r .

M y  i m p r e s s i o n  w a s  t h a t  t h a t ' s  a  f a i r l y  h a r d  p a p e r  t o  r e a d .  W a s  i t  a m o n g s t  t h e  

h a r d e s t  p a p e r s  t o  w r i t e  t h a t  y o u ' v e  d o n e ?

Y e s ,  b e c a u s e  h e ' s  u s e d  t o  -  W a l t e r ' s  u s e d  t o  c o n c e p t s  t h a t  I  s t r u g g l e d  w i t h  a t  

t h e  t i m e  - - s p e c t r a  - -  c r o s s - s p e c t r a  a n d  c o v a r i a n c e s  a n d  a  l o t  o f  o t h e r  

e x p r e s s i o n s .  I t  w a s  h a r d  f o r  m e  t o  r e a d  t h a t  p a p e r  t o o  w h e n  I  g o t  t h e  

m a n u s c r i p t  f r o m  h i m .

A r o u n d  t h a t  t i m e  y o u . . . . t h e r e  w a s  a  l o t  o f  t h i n g s  h a p p e n i n g  i n  a n d  a r o u n d  M I T  

w i t h  t h e ,  I  g u e s s  t h e  i d e a s  o f  q u a s i - g e o s t r o p h i c  t u r b u l e n c e  w e r e  b e g i n n i n g  t o  

a p p e a r .

Y e s ,  J u l e  h a d  d o n e  t h a t .

L i l l y ' s  w o r k  o n  m o d e l i n g  t h a t  t u r b u l e n c e .  H o w  d i d  t h i s  a f f e c t  y o u r  t h i n k i n g  a t  

t h a t  t i m e ?

I  t r i e d  t o  s t a y  a w a r e  o f  i t  a n d  a b r e a s t  o f  i t  b e c a u s e  y o u  h a v e  t o  a p p e a r  a s  a n  

o m n i s c i e n t  g o d  t o  a l l  y o u r  g r a d u a t e  s t u d e n t s .  I t  w a s  a  l i t t l e  b i t  t o o  a b s t r a c t  f o r  

m e  t o  s t a r t  s p e n d i n g  t h o u g h t  o n .

W h o  w e r e  y o u r  g r a d u a t e  s t u d e n t s  d u r i n g  t h i s  p e r i o d ?  Y o u  w e r e  c o m i n g  

t o w a r d  t h e  e n d  o f  t h e  s e v e n t i e s  n o w .  Y o u 'd  b e e n  a t  M I T . . .

- - s i x t i e s .

S o r r y ,  t o  t h e  e n d  o f  t h e  s i x t i e s .

W e b s t e r  c a m e  s h o r t l y  a f t e r  I  w a s  a t  N C A R  s o  h e  w a s  t h e r e .  J o h n  Y o u n g ,  

M a n k i n  M a k  a n d  y o u .  Y o u  c a m e  i n . . .

I  c a m e  i n  '6 7 .

H a r o l d  S o l o m o n  w h o  e n d e d  u p  i n  o c e a n o g r a p h y  a n d  I  t h i n k  h e  s p e n t  m o s t  o f  

h i s  c a r e e r  i n  J a p a n .  J o h n  R h o a d s  -  n o t  J o h n  R h o a d s .  H a d  s e v e r a l  g u y s  w i t h  

t h e i r  t h e s i s ,  b u t  d i d n ' t  p u b l i s h  t h e m .

J i m  S u l l i v a n  w a s  o n e .

S u l l i v a n  w a s  o n e .  H e  w e n t  t o  w o r k  f o r  o n e  o f  t h e  p u b l i c  a f f a i r s  o r

floor - that the work on that paper was very, very intense work.
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e n v i r o n m e n t a l  g r o u p s .

W h o  w a s  y o u r  f i r s t  o n e ?

B i l l  B l u m e n .  F i r s t  g r a d u a t e  s t u d e n t .......

D i d  y o u ,  b y  t h e  e n d  o f  t h e  s i x t i e s  y o u  h a d  b e c o m e  C h a i r m a n ,  I  t h i n k  i n  1 9 7 0 ,  

a f t e r  H o u g h t o n  r e t i r e d .  D i d  y o u  c o n t i n u e  t o  h a v e  g r a d u a t e  s t u d e n t s ?

Y e s .  N o t  a s  m a n y ,  b u t  I  h a d  s o m e .  J o h n  W a l s h .........m y  m i n d .  E m b a r r a s s i n g .

Q u i t e  a  f e w  a n y w a y .

N o t  a s  m a n y  a s  a  l o t  o f  t h e  p e o p l e  t h e r e .  J u l e  b l o s s o m e d  a f t e r  I  l e f t  M I T .  J u l e  

r e a l l y  b l o s s o m e d  -  h e 'd  n o t  h a d  t o o  m a n y  s t u d e n t s  b e f o r e  t h e n  b u t  h i s  l a s t  t e n  

y e a r s  t h e r e  h e  h a d  a  r e a l l y  l a r g e  g r o u p .

D o  y o u  w a n t  t o  t a l k  m u c h  a b o u t  y o u r  r o l e  a s  C h a i r m a n ?

T h e r e ' s  n o t  m u c h  t o  s a y  a b o u t  i t  a n d  m a y b e  i f  y o u ' r e  g o i n g  t o  c l o s e  i n  f i v e  o r  

t e n  m i n u t e s  w e  c a n  c l o s e  w i t h  t h a t .

N o ,  w e ' v e  g o t  a  g o o d  t h i r t y  m i n u t e s  t o  g o .  L e t ' s  t a k e  i t  t o  t h e  e n d  o f  t h e  p e r i o d  

a t  M I T  a n d  t h e n  w e  c a n  t a l k  i n  t h e  m o r n i n g  p e r h a p s  a b o u t  N M C  a n d  t h e r e a f t e r .

T h e  D e a n  a s k e d  m e  t o  b e  C h a i r m a n  b e c a u s e  n o n e  o f  t h e  o t h e r  m o r e  s e n i o r  

p r o f e s s o r s  I  t h i n k  w o u l d  a g r e e  t o  b e  C h a i r m a n .  I  t h i n k  I  i n i t i a l l y  a g r e e d  t o  b e  

C h a i r m a n  f o r  f i v e  y e a r s  a n d  t h a t  w a s  b e c o m i n g  a c c e p t e d  a t  t h e  I n s t i t u t e ;  u n t i l  

t h e n ,  a s  w a s  t h e  c a s e  w i t h  H o u g h t o n ,  t h e  C h a i r m a n  e s s e n t i a l l y  s t a y e d  t h e r e  f o r  

l i f e .  S i n c e  t h e n  I  t h i n k  t h e  t y p i c a l  t e n u r e  h a s  g o n e  d o w n  a n d  i s  p r o b a b l y  n o w  

m o r e  l i k e  t h r e e  y e a r s .  Y o u  o n l y  g e t  a  t h o u s a n d  d o l l a r s  m o r e  f o r  b e i n g  

C h a i r m a n .  O n  t h e  o t h e r  h a n d ,  y o u  d o n ' t  h a v e  t o  p a y  a n y  o f  y o u r  s a l a r y  f r o m  

c o n t r a c t s .  I  h a d  t h e  o p p o r t u n i t y  t o  d o  s o m e t h i n g  b u t  n o t  v e r y  m u c h  b e c a u s e  

w h e n  I  c a m e  i n ,  I  r e m e m b e r  w e  c a m e  b a c k  f r o m  B r i t t a n y  i n  A u g u s t ,  I  t h i n k  o f  

1 9 7 0 ,  a n d  t h e y  h a d  a  f i r s t  m e e t i n g  o f  t h e  d e p a r t m e n t  c h a i r m e n  a t  a  r e t r e a t  t h a t  

M I T  h a d ,  a t  a  p l a c e  o u t  n e a r  B l u e  H i l l .  T h e r e  w e  l e a r n e d  f r o m  t h e  P r o v o s t  t h e  

f i r s t  t h i n g  w e  s h o u l d  d o  w h e n  w e  g o t  b a c k  w a s  t o  i n c r e a s e  a l l  t h e  o v e r h e a d  t h a t  

o u r  f a c u l t y  g o t  f o r  t h e i r  s a l a r y .  S o  I  t o  g o  a r o u n d  t o  t h e  f a c u l t y  a n d  c o n v i n c e  

t h e m  t h a t  t h e y  s h o u l d  n o t  b e  g e t t i n g  2 0 - 2 5 %  o f  t h e i r  s a l a r y  f r o m  N S F  b u t  t h e y  

s h o u l d  p u t  d o w n  5 0 % !  A m a z i n g l y  e n o u g h  t h e y  d i d  i t  a n d  N S F  a n d  O N R ,  I  

g u e s s ,  g r u d g i n g l y  a c q u i e s c e d ,  p r o b a b l y  b e c a u s e  M I T  h a d  p u l l e d  t h e  s t r i n g s  o r  

s o m e t h i n g .  T h o s e  f o u r  y e a r s  w e r e  e x t r e m e l y  t i g h t  f i n a n c i a l l y .  J e r r y  W i e s n e r  

h a d  b e e n  p u t  i n  a s  P r e s i d e n t  b e c a u s e  h e  w a s  p r o b a b l y  t h o u g h t  t o  h a v e  a  g o o d
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r e l a t i o n s h i p  w i t h  s t u d e n t s  b e c a u s e  i n  t h e  p r e v i o u s  f i v e  o r  s i x  y e a r s ,  t h o s e  a r e  

t h e  y e a r s  o f  s t u d e n t  u n r e s t .  A  b u s i n e s s  m a n  -  m a n a g e r ,  H o w a r d  J o h n s o n ,  w a s  

P r e s i d e n t  i n  t h o s e  y e a r s .  W e  w e n t  t o  W i e s n e r  a n d  h e  g o t  a l l  h i s  f i n a n c i a l  

p r o b l e m s  t o  w o r k  o u t !  B u t  t h o s e  w e r e  t h e  m a i n  t h i n g s  I  r e m e m b e r  w e r e  t h e  

f i n a n c i a l  d i f f i c u l t i e s .  T h e y  p r o b a b l y  h a v e  n o t  d e c r e a s e d  a n y  s i n c e .

N o r m ,  a t  t h a t  t i m e  w a s  i t  h a r d  t o  g e t  g r a d u a t e  s t u d e n t s  o r  d i d  y o u  t u r n  d o w n  

g r a d u a t e  s t u d e n t s  w h o  w a n t e d  t o  c o m e  t o  M I T  o r  w e r e  w e l l  q u a l i f i e d  b u t  d i d n ' t  

h a v e  f i n a n c i a l  s u p p o r t ?

Y e s  w e  d i d .  I f  w e  d i d n ' t  h a v e  f i n a n c i a l  s u p p o r t  f o r  t h e m  w e  h a d  t o  t e l l  t h e m  

t h a t .  I n  f a c t  I  m e t  s e v e r a l  o f  t h o s e  a t  N M C  l a t e r  o n .  T h e y  d i d n ' t  h o l d  i t  a g a i n s t  

m e .  I  u s u a l l y  w a s  c o n s c i e n t i o u s  a n d  w r o t e  t h o u g h t f u l  l e t t e r s  t o  t h e m .  I  h i r e d  

s o m e  f a c u l t y ,  R o n  P r i n n ,  a n  a t m o s p h e r i c  c h e m i s t ,  w a s  b r o u g h t  o n  b o a r d  b y  

m e .  H e ' s  a  v e r y  s t r o n g  p a r t  o f  t h e  d e p a r t m e n t  n o w .  T r i e d  t o  g e t  J o h n ,  t h e  m a n  

f r o m  C o l o r a d o  h e r e - -

- - J o h n  H a r t - -

I  t h i n k  h e  c a m e  f o r  o n e  y e a r ,  t h e n  c a m e  b a c k .  H a n k  S t o m m e l  w e n t  b a c k  

c o m p l e t e l y  t o  W o o d s  H o l e  d u r i n g  t h a t  t i m e .

T h a t  s e e m s  t o  b e  a  c r i t i c a l  p o w e r  t h a t  t h e  h e a d  o f  a n y  i n s t i t u t i o n  h a s ,  i s  t h e  

h i r i n g  o f  p e o p l e .

O h ,  a n d  t h e  o t h e r  t h i n g  I  d i d  w a s  I  m a n a g e d  t o  g e t  C h a r n e y  t r e a t e d  p r o p e r l y  a s  

a  n a m e  p r o f e s s o r .  H e  h a d  b e e n  a  n a m e  p r o f e s s o r  s i n c e  h e  c a m e  t o  M I T ,  n o t  

s i n c e  h e  c a m e  b u t  s h o r t l y  a f t e r  h e  c a m e ,  b u t  h e  n e v e r  g o t  a n y  p e r k s  f o r  i t .

H e  w a s  a  S l o a n  P r o f e s s o r .

Y e s ,  b u t  h e  n e v e r  g o t  t h e  p e r k s  t h a t  w e n t  w i t h  i t .  I  f o u n d  o u t  t h a t  p e r k s  

n o r m a l l y  w e n t  w i t h  i t .

W h a t  w e r e  t h e  p e r k s ?  I 'm  c u r i o u s .

H e  g o t  s o m e t h i n g  l i k e  t w e n t y  g r a n d  a  y e a r  t h a t  h e  c o u l d  d o  w i t h  a s  h e  w i s h e d .

I  u n d e r s t a n d  t h a t  h e  u s e d  m u c h  o f  t h a t  t o  b u i l d  u p  t h e  c o m p u t i n g  f a c i l i t y  o f  t h e  

d e p a r t m e n t .  I  r e m e m b e r  I  h a d  t o  w r i t e  o u t  s o m e t h i n g  c l o s e  t o  a  t r e a t y  w i t h  t h e  

D e a n  a s  I  w a s  l e a v i n g  - I  k n e w  I  w a s  g o i n g  t o  l e a v e  a n d  t h i s  w a s  s o  e v e r y o n e  

k n e w  w h a t  h a d  t o  b e  d o n e  a t  w h a t  t i m e  o f  y e a r  s o  t h a t  C h a r n e y  w o u l d  g e t  h i s  

m o n e y  b e c a u s e  I  k n e w  C h a r n e y  w o u l d  n o t  k e e p  t h i n g s  s t r a i g h t .  L i k e  a  t r e a t y
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o r  m e m o r a n d u m  o f  u n d e r s t a n d i n g .

W e r e  t h e r e  a n y  h i r i n g s  a t  t h a t  t i m e  t h a t  y o u  c o u l d  h a v e  m a d e  a n d  t h a t  y o u  

r e g r e t  n o w  t h a t  y o u  d i d n ' t ?

W e  t r i e d  t o  g e t .......w e l l  w e  d i d n ' t  b e c a u s e  p e o p l e  s a i d  n o .  O n e  w a s  B r e t h e r t o n ,

a n o t h e r  o n e  w a s  H o s k i n s .

I n  s e v e n t i e s .  E a r l y  s e v e n t i e s ?

H o s k i n s  g r a d u a t e d  i n  1 9 7 1 ,  i t  s e e m s ,  t h e r e a b o u t s .  A r o u n d  a b o u t  t h i s  t i m e  

N C A R ,  c h a n g i n g  t h e  s u b j e c t  n o w  f r o m  M I T ,  N C A R  h a d  b e e n  g o i n g  f o r ,  w h a t ,  

f i f t e e n ,  s i x t e e n  y e a r s  b y  1 9 7 4 .  H o w  w e l l  d o  y o u  t h i n k  i t  h a d  a c h i e v e d  i t s  g o a l s  

b y  t h a t  t i m e ,  o r  w a s  i t  o n  t h e  w a y  t o  a c h i e v i n g  t h o s e  g o a l s ?

I  t h i n k  i t  w a s  d o i n g  v e r y  w e l l .  T h e  i n i t i a l  g o a l s  t h a t  d i f f e r e n t  p e o p l e  h a d ,  

d i f f e r e d  f r o m  p e r s o n  t o  p e r s o n ,  a n d  c o u l d  n o t  p o s s i b l y  h a v e  b e e n  s a t i s f i e d  a l l  

o f  t h e m  b y  a n y  c o n c e i v a b l e  i n s t i t u t e .  S o m e  w a n t e d  i t  t o  b e  a n o t h e r  i n s t i t u t e  o f  

a d v a n c e d  s t u d y ,  s o m e  w a n t e d  i t  t o  f o c u s  c o m p l e t e l y  o n  s e r v i c e  t o  t h e  

u n i v e r s i t i e s .  I  t h i n k  i n  t h o s e  f i f t e e n  y e a r s  a  g r a d u a l  c o m b i n a t i o n  w a s  r e a c h e d .  

T h e r e  w e r e  c o m p r o m i s e s  o n  a l l  t h o s e  d e m a n d s .  T h e  u n i v e r s i t i e s  -  I  d o n ' t  t h i n k  

t h e y  w e r e  w i l l i n g  e n o u g h  t o  s e e  t h e i r  b e s t  p e o p l e  g o .  I n  f a c t  I  r e m e m b e r  

w r i t i n g  a  v e r y  s t r o n g  l e t t e r  t o  N C A R  o r  U C A R ,  m a y b e  i t  w a s ,  J o h n - -

J o h n  F i r o r .

J o h n  F i r o r ,  a b o u t  w h a t  I  h a d  h e a r d  w e r e  a t t e m p t s  t o  l u r e  E d  L o r e n z  a w a y .

T h a t  m u s t  h a v e  h a p p e n e d  m a n y  t i m e s  f o r  m o s t  u n i v e r s i t i e s  a n d  a  l o t  o f  o t h e r  

p e o p l e .  I  t h i n k  N C A R  d i d  r a t h e r  w e l l .

S t i l l  d o i n g  w e l l ?

Y e s !  T h e y  h a v e  l o t s  o f  m o n e y  p r o b l e m s .

S o  d o e s  e v e r y b o d y .  O n e  o f  t h e  a r e a s  t h a t  d i d n ' t  s e e m  t o  h a v e  m o n e y  p r o b l e m s  

i n  t h e  l a t e  s i x t i e s ,  e a r l y  s e v e n t i e s  w a s  o c e a n o g r a p h y .  Y o u  w e r e  d e s c r i b i n g  

y o u r s e l f  i n  t h e  l a t e  s i x t i e s  a t  l e a s t  a s  a n  o c e a n o g r a p h e r  a s  m u c h  a s  a  

m e t e o r o l o g i s t .

N o t  r e a l l y ,  T o n y .  I  p i c k e d  o f f  l i t t l e  b i t s  o f  p r o b l e m s  h e r e  a n d  t h e r e  a s  I  r e c a l l .  

H a d  n o  t h o u g h t  o f  b e c o m i n g - ­

F u l l - t i m e  o c e a n o g r a p h e r .  B u t  i t  s e e m e d  t h a t  w a s  a  t r e m e n d o u s  s u r g e  i n
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Y e a h ,  a s  w e l l  a t  M I T ,  I  d o n ' t  k n o w  i f  t h i s  w a s  b e f o r e  I  b e c a m e  C h a i r m a n  o r  

n o t .  P r o b a b l y  a t  t h e  s a m e  t i m e  I  b e c a m e  C h a i r m a n .  W o o d s  H o l e  a n d  M I T  g o t  

t o g e t h e r  a n d  h a d  a  r e a l  w o r k i n g  j o i n t  p r o g r a m .  T h a t  m u s t  h a v e  b e e n  a b o u t  t h e  

t i m e  y o u  w e r e  t h e r e ,  t h a t  m u s t  h a v e  b e e n  a f t e r  y o u  w e r e  t h e r e ,  a b o u t  t h e  t i m e  

y o u  l e f t .  T h e r e  w a s  q u i t e  a  d e m a n d  t o  e n t e r  t h a t  p r o g r a m .  T h e r e  s t i l l  i s  

a l t h o u g h  I  s u s p e c t  t h e  i n t e r e s t  i s  a  l i t t l e  b i t  m o r e  o n  t h e  e n v i r o n m e n t a l  a s p e c t  

t h a n  i t  w a s  a t  t h e  b e g i n n i n g ,  t w e n t y  y e a r s  a g o .

S o ,  1 9 7 0  -  1 9 7 4 .  F o r  m e ,  o n e  o f  t h e  b i g  l a n d m a r k s  i n  t h e  p e r i o d  w a s  

M i y a k o d a ' s  f o r e c a s t s .

Y e s ,  y e a h .

- - b e c a u s e  t h e y - -

S e v e n  f o r e c a s t s ?

H e  h a d  a  d o z e n  f o r e c a s t s  e v e n t u a l l y .  T h e y  w e r e  v e r y  i m p o r t a n t  f o r  t h e  

d e v e l o p m e n t  o f  t h e  E u r o p e a n  C e n t e r  w h i c h  w a s  h a p p e n i n g  a t  a b o u t  t h i s  t i m e .  

T h e  p o l i t i c a l  a s p e c t s  o f  i t  w e r e  b e i n g  d i s c u s s e d .  B u t  i t ' s  a l w a y s  s e e m e d  

c u r i o u s  t o  m e  t h a t  G F D L  a t  t h i s  t i m e  w a s  s o m e h o w  m o n a s t i c  i n  i t s  m o d e  o f  

w o r k i n g .  I t  d i d n ' t  s e e m  t o  h a v e  a  w h o l e  l o t  o f  c o n t a c t  w i t h  y o u r  g r o u p  a t  

. . . w i t h  y o u  o r  C h a r n e y ,  f o r  e x a m p l e .  I  j u s t  t h o u g h t  i t  w o u l d  h a v e  b e e n  i n  t h e  

i n t e r e s t s  o f  b o t h  o f  y o u  t o  h a v e  h a d  a  l o t  o f  c o n t a c t .  I n  f a c t ,  t h e  m o d e l l i n g  

g r o u p s  t h a t  C h a r n e y  h a d  m o s t  c o n t a c t  w i t h  w a s  G L A ,  o r  G L A S  a t  t h e  t i m e .  

W a s  t h e r e  a n y  r e a s o n s  w h y  t h e r e  w a s n ' t  s o  m u c h  c o n t a c t ?  B e c a u s e  t h e  g r e a t . . . .

I  t h i n k  J u l e  w a s  a b l e  t o  g e t  c o m p u t i n g  d o n e  a t  G L A S  t h a t  h e  c o u l d  n o t  h a v e  

g o t t e n  d o n e  a t  P r i n c e t o n  b e c a u s e . . . . w e l l  f i r s t  o f  a l l ,  t h e  c o m p u t i n g  t i m e  a t  

P r i n c e t o n  w a s  w e l l  s p o k e n  f o r  a n d  s e c o n d l y ,  J o e  S m a g o r i n s k y  w a s  s t r o n g  

e n o u g h  a  c h a r a c t e r  t h a t  h e  w a s n ' t  a b o u t  t o  s u b m e r g e  h i m s e l f  i n  a n y b o d y .

E v e n  d u r i n g  t h a t  t i m e  J u l e  w a s  a c t u a l l y  c o m p u t i n g  h e r e  w i t h  o u r  g e n e r a l  

c i r c u l a t i o n  m o d e l .  H e  a s k e d  u s  t o  c o m p u t e  g e o s t r o p h i c  t u r b u l e n c e  i n  t h e  

m o d e l .

T h a t  m a y  b e .......

T h e  t u r b u l e n c e  w o r k ,  w e  d i d  t h a t  h e r e .  T h e  s t u d e n t s  o f t e n  c a m e  h e r e  t o  w o r k  

w i t h  o u r  m o d e l s .

interest in oceanography at that time. Students crying out for courses.

Oh yes, yes...oceanography students.
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I  j u s t  w o n d e r e d  i f  t h e r e  w a s  a n y t h i n g  -  J o e ' s  a  v e r y  s t r o n g  g u y .  I  j u s t  

w o n d e r e d  h o w  i t  w a s  t h a t  y o u ' v e  k n o w n  t h e s e  g u y s  f o r ,  w e l l ,  t w e n t y - f i v e  y e a r s  

a t  t h i s  p o i n t .  H o w  c o m e  t h e r e  h a d n ' t  b e e n  a  c l o s e r  w o r k i n g  r e l a t i o n s h i p ?

I  d o n ' t  k n o w .  I n  m y  o w n  c a s e  I 'm  s u r e  i t  w a s  t h a t  I  w a s  b u s y  e n o u g h  w i t h  

o t h e r  t h i n g s .  I  s a w  t h e s e  p e o p l e  m o d e r a t e l y  o f t e n ,  a t  m e e t i n g s  o r  w h e n e v e r  w e  

w o u l d  v i s i t  o n e  a n o t h e r .  I n  J u l e ' s  c a s e  t h e  r e a s o n  m a y  h a v e  b e e n  d i f f e r e n t .

M y  c o m p u t i n g  a t  t h a t  t i m e  a s  d o n e  i n  t h e  e a r l y  s e v e n t i e s ,  w a s  d o n e  -  g e e  t h a t  

w a s  t h e  s t r a t o s p h e r e  m o d e l  -  t h a t  w a s  d o n e . . . . I  d i d  t h a t  u s i n g  t h e  M I T  

c o m p u t e r ?  N o ,  t h e  G L A S  -  u s e d  t h e  G L A S  c o m p u t e r .  I t  w a s  e a s i e r  -  j u s t  

m o r e  a v a i l a b l e .

P r e s u m a b l y  S m a g o r i n s k y  m u s t  h a v e  t r i e d ,  S m a g o r i n s k y  a n d  M i y a k o d a  m u s t  

h a v e  t r i e d  t o  s e l l  t h e  i d e a  o f  m e d i u m - r a n g e  o r  e x t e n d e d  -  e x t e n d i n g  t h e  f o r e c a s t  

r a n g e  t o  S c h u m a n .  B u t  a s  f a r  a s  I  c a n  d e t e r m i n e ,  t h a t  n e v e r  h a p p e n e d .  A t  

N M C  h e  d i d  n o t . . . .

Y o u  m e a n  h e  n e v e r  b o u g h t  i t ?

H e  n e v e r  b o u g h t  i t .

N o ,  I  b e l i e v e . . . . I  r e m e m b e r  i t  w a s  L l o y d  V a n d e r m a n  a t  N M C  w h o  h a d  b e e n  

w o r k i n g  f o r  y e a r s  d e v e l o p i n g  a  t h r e e ,  I  b e l i e v e  i t  w a s  a  t h r e e - l a y e r  g l o b a l  

m o d e l  - -  s o m e t h i n g  d o n e  a r o u n d  t h e  p o l e s  t o  m a k e  t h e m  s t a b l e .  B u t  i t  h a d  n o  

p h y s i c s  t o  s p e a k  o f .  I  b e l i e v e . . . a n d  t h a t  s t a r t e d  t o  b e  r u n .  T a k i n g  s o m e  

o p e r a t i o n a l  c o m p u t e r  t i m e  i n  t h e  v e r y  e a r l y ,  o h  a b o u t  1 9 7 5 ,  a f t e r  I  g o t  t o  N M C .  

I  t h i n k  i t  w a s  d o n e  w i t h o u t  m u c h  f o r e t h o u g h t  d u e  t o  t h e  f a c t  t h a t  w i t h o u t  t h e  

p h y s i c s  i t  w o u l d  b e  c r a z y  t o  s t a r t  r u n n i n g  t h i n g s  o f f  t h e  - -  b e y o n d  t h r e e  d a y s .

I t  t o o k  a  w h i l e  f o r  N M C  t o  g e t  p h y s i c s  i n t o  t h e i r  m o d e l s .  M a y b e  t h a t ' s  w h a t  

y o u  w a n t  t o  t a l k  a b o u t  t o m o r r o w .

Y e a h ,  w e  c a n  t a l k  a b o u t  t h a t  t o m o r r o w .  T h e  o t h e r  a r e a  t h a t  c e r t a i n l y  w a s  

d e v e l o p i n g  a t  t h i s  t i m e  i n  t h e  l a t e  s i x t i e s ,  e a r l y  s e v e n t i e s  w a s  G A R P .  T h e r e  

w a s  a  l o t  o f  a c t i v i t y ,  w o u l d  y o u . . . c l e v e r l y ,  I  t h i n k ,  m a n a g e d  t o  s t a y  o n  t h e  

f r i n g e s  o f  t h e  c o m m i t t e e s  i n  s o m e  s e n s e .  Y o u  n e v e r . . . . o r  i s  t h a t  t r u e ?  D i d  y o u  

a c t u a l l y  g e t  h o o k e d  i n t o  i t ?

N o ,  I  w a s  o n  t h e  U . S .  A c a d e m y  C o m m i t t e e  t o w a r d s  t h e  e n d  o f  t h e  s i x t i e s .  I  

r e m e m b e r  S m a g o r i n s k y  a n d  W i n n - N i e l s e n  c o m i n g  t o  u s  a n d  s a y i n g  w e ' r e  n o t  

g o i n g  t o  h a v e  a  s e c o n d  s a t e l l i t e ,  w e ' r e  a c t u a l l y  g o i n g  t o  h a v e  t o  s t a r t  w i t h  o n l y  

o n e  s a t e l l i t e  o r  s o m e t h i n g  l i k e  t h a t .  I  r e m e m b e r  t a l k i n g  i n  d e t a i l  t o  p e o p l e  

a b o u t  w h e r e  t h e  r e c o n  f l i g h t s  s h o u l d  g o  i n  t h e  t r o p i c s .
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- - w a s  n o t  i n v o l v e d  a t  a l l .

Y o u  w e r e  a  m e m b e r  a n d  t h e n  C h a i r m a n  o f  t h e  F G G E  A d v i s o r y  P a n e l ,  N a t i o n a l  

R e s e a r c h  C o u n c i l  f r o m  '7 6  t o  '8 0 .

Y e s ,  t h a t  w a s ,  t h a t  w a s . . . I  w a s  r e a l l y  w r o n g  t h e n  b u t  I 'm  t h i n k i n g  o f  t h e  e a r l y  

s t a g e s  b e t w e e n  t h e  '6 7  C o n f e r e n c e  a n d  t h e  e n d  o f  G A T E  w h e n  t h e y  h a d  g o t  u p  

t h e  h e a d  o f  s t e a m .

I  d i d n ' t  g o  t o  S t o c k h o l m ,  a n d  t h a t  w a s  a n  i m p o r t a n t  m e e t i n g .

I t ' s  i n  t h a t  f i r s t  h a l f  i f  y o u  l i k e  o f  t h e  b u i l d u p  o f  t h e  F G G E  P r o g r a m  t h a t  

y o u . . . c e r t a i n l y  y o u  w e r e  i n v o l v e d  i n  w h e n  t h e  r e a l  F G G E  t h i n g  g o t  g o i n g .

O n e  s c i e n t i f i c  a r e a  b e f o r e  w e  l e a v e ,  t h e  l a t e  s i x t i e s  t h r o u g h  t h e  e a r l y  s e v e n t i e s  

t h a t  I  w o u l d  l i k e  t o  a s k  y o u  t o  c o m m e n t  o n  w i t h  s o r t  o f  a  b r i e f  e x c h a n g e  o n  t h e  

a n g u l a r  m o m e n t u m  c o n s e r v a t i o n  a n d  t h e  t r a d i t i o n a l  a p p r o x i m a t i o n . . . .

O h ,  y e s !  T h a n k s .  T h a t ' s  s t i l l  u p  f o r  g r a b s .  C o m m e n t  o n  t h a t ?

Y e s .

I  t h i n k  a t  t h e  p r e s e n t  t i m e  t h e  m o s t  u p - t o - d a t e  i n t e r p r e t a t i o n  i s  o n e  w h i c h  

V e r o n i s  a n d  I  a g r e e d  t o  a n d  I  p u t  i n  m y  R e p l y  t o  h i m .  I  s i n c e  f o u n d  t h a t  t h e  

s a m e  a r g u m e n t s  a b o u t  t h e  s i z e  o f  o m e g a  - -  t h e  r o t a t i o n  r a t e  c o m p a r e d  t o  t h e  

B r u n t - V a i s a l a  f r e q u e n c y  w e r e  m a d e  b y  Q u e n e y  a s  e a r l y  a s  t h e  l a t e  f o r t i e s .  

Q u e n e y  h a s  a  p a p e r  i n  Tellus a l s o ,  i n  t h e  s e c o n d  a n d  t h i r d  i s s u e  o f  Tellus i n  

w h i c h  h e  g o e s  o v e r  i n  t r e m e n d o u s  d e t a i l  t h e  p r o p e r  e q u a t i o n s  f o r  p e r t u r b a t i o n s  

o n  a  z o n a l  f l o w .  H e  . . . . c o n s i d e r s  t h i s  q u e s t i o n .

I  t h i n k ,  f r o m  t h e  p e r s p e c t i v e  o f  n u m e r i c a l  w e a t h e r  p r e d i c t i o n  t h a t  t o  m y  m i n d ,  

o n e  o f  t h e  c l a s s i c a l  p r o b l e m s  t h a t  N o r m a n  P h i l l i p s  w o u l d  t a c k l e  b e c a u s e  b e i n g  

a s  h e  m e n t i o n e d ,  t h e  s t i c k l e r  f o r  a c c u r a c y ,  i t ' s  v e r y  t y p i c a l  o f  t h e  k i n d  o f  

q u e s t i o n s  h e  w o u l d  a s k  a n d  a n s w e r .

I  d o n ' t  t h i n k  I ' v e  a n s w e r e d  i t  s a t i s f a c t o r i l y ,  b u t  m o r e  o r  l e s s .  I ' v e  a n s w e r e d  i t  

s a t i s f a c t o r i l y  b u t  n o t  t h o r o u g h l y .  I  s t i l l  g e t  p a p e r s  t o  r e v i e w  o n  t h e  s u b j e c t ,

a b o u t  e v e r y  t h i r d  o r  f o u r t h ............ [ l a u g h t e r ] .  T h e r e  w a s  o n e  i n  Tellus j u s t  a

c o u p l e  o f  m o n t h s  a g o .

This was in the run up to FGGE?
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T h a t  w a s  a  G e r m a n .  B y  a  G e r m a n  a u t h o r  b u t  I  t h i n k  i t ' s  i n  E n g l i s h .

O n e  m a n  w e  h a v e n ' t  m e n t i o n e d  a t  a l l  a n d  y e t  h e  f i g u r e s  v e r y  p r o m i n e n t l y  i n  

y o u r  w r i t i n g s .  A  l o t  o f  y o u r  l i n e a r i z e d  a n a l y s i s  i s  w r i t t e n  i n  r e l a t i o n  t o  h i s  

w o r k .  T h a t ' s  a  m a n  c a l l e d  E c k a r t .  I  d o n ' t  k n o w  m u c h  a b o u t  h i m .

H e  w a s  a  c l a s s i c a l  p h y s i c i s t .  W e l l ,  h e  w a s  a  p h y s i c i s t .......

Q u a n t u m ,  m e c h a n i c s ?

Q u a n t u m  t h e o r e t i c i a n .  B u t  I  b e l i e v e  h e ,  p o s s i b l y  t h r o u g h  W o o d s  H o l e ,  

b e c a m e  i n t e r e s t e d  i n  f l u i d  m o t i o n  a n d  w r o t e  s o m e  p a p e r s  o n  t u r b u l e n c e  a n d  

m i x i n g  b a c k  i n  t h e  l a t e  f i f t i e s .  H e  c a m e  t o  M I T  s h o r t l y  a f t e r  h i s  b o o k  c a m e  o u t  

a n d  g a v e  a  s e m i n a r ,  m a y b e  t w o ,  m a y b e  o n e  i n  w h i c h  b a s i c a l l y  w h a t  h e  h a d  

d o n e  w a s ,  h e  - -  t h e r e  w a s  a  l o t  i n  i t  - -  b u t  h e  e x a m i n e d  t h e  r a y  p r o p e r t i e s  f o r  

w a v e  g r a v i t y  a n d  s o u n d  w a v e s  i n  a  s i m p l e  a t m o s p h e r e .  H e  d o e s n ' t  r e a l l y  g o  

i n t o  R o s s b y  w a v e s  -  e x c e p t  i n  a  v e r y  o f f h a n d  w a y .  P r o b a b l y  b e c a u s e  h e  d i d n ' t  

s e e  w h e r e  i n  t h e  e q u a t i o n s  t h e y  e s c a p e d  h i s  n o t i c e .  T h e y  e s c a p e d  h i s  n o t i c e  i n  

t h e  o n e  s o l u t i o n  i n  h i s  c o n t e x t  w h e r e  o m e g a  i s  e q u a l  t o  z e r o .  M y  c o p y  o f  h i s  

b o o k  i s  v e r y  d i r t y  a n d  I  p u z z l e d  t h r o u g h  i t  m a n y  t i m e s  i n  t h e  e a r l y  s i x t i e s  

t r y i n g  t o  l e a r n .  I t  t o o k  m e  a  l o n g  t i m e  t o  l e a r n  t h a t  r a y s  w e r e  t h e  p a t h s  t h a t  

f o l l o w e d  b y  p a r t i c l e s  m o v i n g  w i t h  t h e  g r o u p  v e l o c i t y .  I  n e v e r  f o u n d  s u c h  a  

s t a t e m e n t  i n  h i s  b o o k ,  Hydrodynamics of Oceans and Atmospheres.

I t ' s  a  d i f f i c u l t  b o o k  t o  r e a d .  H e  u s e s  d i f f e r e n t  s y m b o l s  t h a n  w e  n o r m a l l y  u s e .  

A c t u a l l y  I  r a n  a c r o s s  a  l o t  o f  h i s  w o r k  w h e n  I  w a s  l o o k i n g  u p  s o m e  r e f e r e n c e s  

o n  t h e  e a r l y  i d e a s  o n  q u a n t u m  m e c h a n i c s .  H e  w a s  a  c o n t e m p o r a r y  o f  E i n s t e i n .  

A l s o  h e  w o r k e d  o n  t h e  e a r l y  t h e o r i e s  o f  i n t e r a c t i o n s  o f  m o l e c u l e s .

H e  e v e n t u a l l y  m a r r i e d  v o n  N e u m a n n ' s  w i d o w .

W a s  h i s  t h e  f i r s t  e x p o s i t i o n  t h a t  y o u  h a d  s e e n  o f  t h e  f u l l  s p e c t r u m  o f  

a t m o s p h e r i c  m o t i o n s ,  a p a r t  f r o m  t h e  R o s s b y  w a v e s .  T r e a t m e n t  o f  t h e .......

N o ,  b e c a u s e  E l i a s s e n  h a d  t h i s  p a p e r  a b o u t  f i v e  y e a r s  e a r l i e r  i n  t h e  G e r m a n  

p h y s i c a l  r e v i e w  s e r i e s .  I  c a n ' t  r e m e m b e r  t h e  t i t l e  o f  t h e  j o u r n a l .  T w o  a r t i c l e s  

b a c k - t o - b a c k ,  o n e  b y  E l i a s s e n ,  o n e  b y  K l e i n s c h m i d t  a n d  t h e  o n e  b y  

K l e i n s c h m i d t  i s  d i s c u s s i n g  p o t e n t i a l  v o r t i c i t y .  T h e r e  a r e  s o u n d  w a v e s  a n d  

g r a v i t y  w a v e s  i n  P h y s i k a l i s c h e  H y d r o d y n a m i k . . . t h e  r e a l . . . . t h e  f i r s t  c o u p l e  

c h a p t e r s  i n  E c k a r t  a r e  t h e  s i m p l e s t  c a s e s .  H e  i s  j u s t  t a l k i n g  m o s t l y  a b o u t  

f r e q u e n c y  d i a g r a m s .  T h a t  w a s  t h e  f i r s t  c l e a r  e x p o s i t i o n .  T h e  r e c e n t

Andy White has been working on that.
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H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

K a s a h a r a :

m o n o g r a p h  I  h a v e  w r i t t e n  f o r  W M O  o n  d i s p e r s i o n  o f  i n f l u e n c e s  i n  l a r g e - s c a l e  

m e t e o r o l o g y  u s e s  h i s  n o t a t i o n  i n  t h e  f i r s t  p a r t  o f  t h e  b o o k .  T h e r e  a r e  s o m e  

a d v a n t a g e s .

I  w o n d e r e d  w h a t  i t  w a s  a b o u t  t h a t  b o o k  t h a t  c a u g h t  y o u r  a t t e n t i o n  s o  m u c h  

b e c a u s e  t i m e  a n d  a g a i n  i n  y o u r  c l a s s  n o t e s  a n d  i n  y o u r  p a p e r s  i t ' s  t a k e n  a s  a  

p o i n t  o f  r e f e r e n c e .  J u m p i n g  o f f  p o i n t  i n  s o m e  w a y  f o r  a  l o t  o f  t h e  l i n e a r  

s t u d i e s .

I  d o n ' t  k n o w .  T h e r e  a r e  d i s c u s s i o n s  o f  g r o u p  v e l o c i t y  t h a t  a r e  m u c h  m o r e  

l u c i d ,  p e n e t r a t i n g  a n d  e a s i e r  t o  u n d e r s t a n d ,  t h o r o u g h ,  t h a n  E c k a r t ' s .  I t ' s  b e e n  

m a n y  y e a r s  I  w e n t  b a c k  a n d  r e a d  t h e  r e l e v a n t  p a r t s  o f  h i s  b o o k  w h e n  I  w a s  

w r i t i n g  t h i s  m o n o g r a p h .  O t h e r  t h a n  t h a t  I  h a v e  n o t  r e a l l y  l o o k e d  a t  t h e  b o o k  

f o r  t h e  t e n  y e a r s  o r  m o r e  I  w a s  a t  N M C .  D i d  I  a s s i g n  i t  t o  y o u  w h e n  y o u  w e r e  

a  g r a d u a t e  s t u d e n t ?

W e l l ,  I  c e r t a i n l y  w a s . . . .

D i d  y o u  b o r r o w  i t  m a y b e  o r  s o m e t h i n g ?

I  c e r t a i n l y  a m  f a m i l i a r  w i t h  t h e  w o r k  a n y w a y ,  t h a t ' s  f o r  s u r e .  W e  t a l k e d  a b o u t  

a  n o r m a l  m o d e  i n i t i a l i z a t i o n  a  l i t t l e  b i t  a n d  w e ' l l  p r o b a b l y  t a l k  s o m e  m o r e  

t o m o r r o w  b e c a u s e  t o m o r r o w  m o r n i n g  w e ' l l  t a l k  s o m e  a b o u t  t h e  l a s t  p a r t  a t  

N M C .  O n e  o f  t h e  p o i n t s  -  I  t a l k e d  o b v i o u s l y  w i t h  a  n u m b e r  o f  p e o p l e  b e f o r e  

c o m i n g  o u t  h e r e .  O n e  o f  t h e m  I  t a l k e d  w i t h  w a s  C l i v e  T e m p e r t o n .

O h ,  y e s .  H e  s t i l l  i n  C a n a d a ?

N o ,  h e ' s  v i s i t i n g  u s  f o r  a  y e a r  o r  t w o  n o w .  H i s  q u e s t i o n  h a d  t o  d o  w i t h  t h e  f a c t  

t h a t  i t ' s  t a k e n  a  l o n g  t i m e  t o  r e c o g n i z e  c l o s e n e s s  o f  t h e  l i n k  b e t w e e n  n o n - l i n e a r  

N M I  a n d  c l a s s i c a l  t e c h n i q u e s  i n  t h e  g e n e r a l  c a s e .  H e  w o n d e r s  d i d  y o u  

r e c o g n i z e  t h i s  l i n k  a l l  a l o n g ?  H e  d o e s  m a k e  t h e  p o i n t  i n  t h a t  B r a d  B a l l i s c h  i n  

1 9 8 0  a t  N M C ,  t r i e d  a  n o n - n o r m a l  m o d e l  i n i t i a l i z a t i o n  s c h e m e  i n  t h e  s p e c t r u m  

m o d e l  w h i c h  h e  d e r i v e d  f r o m  t h e  b o u n d e d  d e r i v a t i v e  m e t h o d  a n d  r e l a t e d  i t  t o  

q u a s i  g e o s t r o p h i c  b a l a n c i n g .  S a i d  h e  g o t  e x a c t l y  t h e  s a m e  r e s u l t s  a s  u s i n g  t h e  

M a c h e n h a u e r  m e t h o d  b u t  h e  d i d n ' t  t a k e  t h e  p o i n t  a n y  f u r t h e r .  Y o u  w e r e  a t  

N M C  i n t e r a c t i n g  w i t h  B r a d  a t  t h a t  t i m e .

W h a t  I  r e m e m b e r  w a s  h e  w a s . . . h e  w a s  v e r i f y i n g  w h a t  D e a n  ( ? )  p e r h a p s  e v e n  

s t a t e d  i n  y o u r  p a p e r  w i t h  a  j o i n t  p a p e r  t h a t  t h e y  w o u l d  b e  e q u i v a l e n t  t o  s o m e  

a p p r o x i m a t i o n .

I  t h o u g h t  s o m e o n e  m a d e  a  p r e d i c t i o n  i n . . .
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Phillips: In the meeting? You mean in the sixties?

W a s h i n g t o n :

P h i l l i p s :

W a s h i n g t o n :

K a s a h a r a :

H o l l i n g s w o r t h :

K a s a h a r a :

1 9 6 5 .

W h o  w a s  t h a t ?

H i n k e l m a n n .

W h e n  y o u  d o  s u c c e s i v e l y  f o r  e x a m p l e ,  f i r s t  y o u  p u t  t h e  d i v e r g e n c e  e q u a l s  

z e r o ,  i t s  t e n d e n c y  e q u a l s  z e r o  -  t h a t ' s  o n e  p a i r ,  t h e  n e x t  o n e ' s  d i v e r g e n c e  

t e n d e n c y ,  s e c o n d  d i v e r g e n c e  t e n d e n c y  t o  b e  z e r o  w h i c h  i n  f a c t  g i v e s  a n o t h e r  

p a i r .

U h  h u h .

A n d  s o  y o u  c a n  g o  o n  l i k e  t h a t .  A n d  t h e n  f o r  t h e  l i n e a r  c a s e  y o u  c o u l d  s h o w  

c o n v e r g e n c e .  N o w  w h e t h e r  y o u  c o n v e r g e  o r  n o t  i n  t h e  n o n - l i n e a r  c a s e . . . I  t h i n k  

i t ' s .....

H o l l i n g s w o r t h :  I  t h i n k  i t ' s  p r o b a b l y  a  g o o d  t i m e  t o  w r a p  i t  u p .  

P h i l l i p s :  Y o u  h a v e  p e r f o r m e d  n o b l y .

END OF TAPE 2, SIDE 2
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TAPE 3, SIDE 1

H o l l i n g s w o r t h :

P h i l l i p s :

W a s h i n g t o n :

P h i l l i p s :

K a s a h a r a :

P h i l l i p s :

K a s a h a r a :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

Interview with Norman Phillips

O K ,  N o r m ,  w e  b r o k e  o f f  l a s t  e v e n i n g  a t  t h e  p o i n t  w h e r e  y o u  w e r e  l e a v i n g  M I T  

a n d  g o i n g  t o  w o r k  a t  N M C  i n  W a s h i n g t o n .  I  r e m e m b e r  w e l l  w h e n  t h a t  n e w s  

c a m e  a n d  i t  w a s  n e w s  w i t h  a  c a p i t a l  N  f o r  p e o p l e  w h o  w e r e  i n t e r e s t e d  i n  t h e  

b u s i n e s s .  I t  w a s  o b v i o u s l y  g r e a t  n e w s  f o r  N M C ,  p r o b a b l y  n o t  s u c h  g o o d  n e w s  

f o r  M I T .  H o w  d i d  t h e y  r e a c t ?

V e r y  c a l m l y .  T h e  a d m i n i s t r a t i o n  h a s  a  p o l i c y  t h e y  n e v e r  t r y  a n d  o u t b i d  

a n y b o d y ,  a l t h o u g h  i n  t h i s  c a s e  I  w a s  n o t  l e a v i n g  b e c a u s e  o f  s a l a r y  c h a n g e s .  I n  

f a c t ,  I  w a s  w i l l i n g  t o  g o  w i t h  a  d r o p  i n  s a l a r y .  T h e  d e p a r t m e n t  h a d  g r o w n  a n d  I  

t h i n k  m o s t l y  b e c a u s e  t h e y  r e a l i z e d  t h a t  o n e  o f  t h e m  w o u l d  n o w  h a v e  t o  b e  

C h a i r m a n ,  -  i t  t o o k  a  w h i l e  b e f o r e  w e  g o t  t h a t  s t r a i g h t e n e d  o u t .  T h e  s t u d e n t s  

w e r e  c u r i o u s  a b o u t  w h y  I  w a s  l e a v i n g  a n d  s o  f o r t h .  I  m i g h t  a s  w e l l  t e l l  y o u  

n o w  t h e  m a i n  r e a s o n  I  w a s  l e a v i n g  w a s  I  s a w  t h e  s t u d e n t s  h a v i n g  a l l  t h e  f u n  

d o i n g  t h e  r e s e a r c h  a n d  I  t h o u g h t  I  c o u l d  s t i l l  d o  s o m e  o f  t h a t  m y s e l f .  I  a l w a y s  

l i k e  t o  b e  i n  t o u c h  w i t h  t h e  d a t a  s o  t h a t ' s  w h y  I  w e n t  t o  N M C .

I  w o n d e r  i f  y o u  e x p l a i n  w h y  y o u  d i d n ' t  g o  t o  s o m e  o t h e r  p l a c e ?

I  v i e w e d  N M C  a s  t h e  p l a c e  w h e r e  y o u  h a d  a c c e s s  t o  t h e  d a t a  a n d  w h e r e  t h i n g s  

s h o u l d  b e  h a p p e n i n g  e v e n  i f  n o w  a n d  t h e n  t h i n g s  w e r e  h a p p e n i n g  m o r e  

i n t e n s e l y  e l s e w h e r e .  I t  c o u l d  b e  a  v e r y  g o o d  p l a c e  t o  b e .

I s  t h a t  t r u e  t h a t  y o u  h a d  b e e n  a  c o n s u l t a n t  b e f o r e . . .

Y e s .

S o  y o u  h a v e  b e e n  v i s i t i n g  N M C  v e r y  o f t e n .

N o t  t o o  m u c h  i n  t h e  l a t e r  s i x t i e s .  I t  w a s  m o s t l y  i n  t h e  l a t e  f i f t i e s  a n d  e a r l y  

s i x t i e s  t h a t  I  w e n t  o n  t h e  a v e r a g e  o f  m a y b e  o n c e  a  y e a r .  I t  w a s  n e v e r  f o r  m o r e  

t h a n  a  w e e k  a t  a  t i m e .

I  r e m e m b e r  i n  1 9 8 1  a t t e n d i n g  a  s e m i n a r  y o u  g a v e  a t  G L A  a n d  M i l t  H a l e m  i n  

h i s  i n t r o d u c t i o n ,  w h i c h  a r e  f a m o u s  f o r  t h e i r  t a c t  a n d  d i p l o m a c y ,  s p o k e  a b o u t  

t h e  a s t o n i s h m e n t  h e  f e l t  t h a t  y o u  s h o u l d  h a v e  g o n e  t o  N M C ,  w h i c h  w a s  a  

t y p i c a l l y  o u t r a g e o u s  t h i n g  f o r  M i l t  t o  s a y .

H a l f  o f  t h e  a u d i e n c e  p r o b a b l y  w a s  p e o p l e  f r o m  N M C !
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P h i l l i p s :

Hollingsworth:

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

Phillips:

F o r  M i l t  t h a t  w a s  p r o b a b l y  a  g o o d  r e a s o n  t o  s a y .  W h a t  -  h o w  w a s  N M C  a t  t h e  

t i m e  w h e n  y o u  g o t  t h e r e ?

H o w  w a s  i t ?  I t  h a d  j u s t  r e c e n t l y  m o v e d  i n t o  a  n e w  b u i l d i n g ,  t h e y  h a d  h a d  

h i d e o u s l y  c r a m p e d  q u a r t e r s  b e f o r e  i n  S u i t l a n d .  M e t e o r o l o g i c a l l y  t h e  L F M  w a s  

s l o w l y  g e t t i n g  t h e  b u g s  w o r k e d  o u t  o f  i t ;  i t  s t i l l  f a i l e d  o c c a s i o n a l l y .  T h e  

a n a l y s i s  p r o g r a m s  w e r e  i n  a  s t a t e  o f  f l u x .  C r e s s m a n  a n a l y s i s  w a s  s t i l l  b e i n g  

d o n e  e v e r y  p l a c e .  H e m i s p h e r i c  a n a l y s i s  a n d  f o r e c a s t  w a s  t h e  m o s t  a m b i t i o u s  

m o d e l  t h e n  i n  p l a y .  I t  w a s  a  d e v e l o p m e n t  b y  S t a c k p o l e  . . .  e x t e n s i o n  b y  

S t a c k p o l e  o f  t h e  s i x - l e v e l  m o d e l  t h a t  F r e d  S c h u m a n  a n d  J o h n  H o v e r m a l e  h a d  

d e v e l o p e d  i n  t h e  l a t e  s i x t i e s .  I t  w a s  s t i l l  e x p e r i m e n t a l  w h e n  I  w e n t  t h e r e .  O n l y  

s l o w l y  d i d  t h e  l e n g t h  o f  f o r e c a s t  i n c r e a s e ,  I  s u p p o s e  t h a t ' s  i n  r e s p o n s e  t o  

i n c r e a s e d  c o m p u t e r  p o w e r  a n d  s e c o n d l y ,  t h e  r e a l i z a t i o n  t h a t  w e  w o u l d  h a v e  t o  

r u n  h a r d  t o  k e e p  u p  w i t h  t h e s e  u p s t a r t s  i n  R e a d i n g .

O f  c o u r s e  w e  d i d n ' t  c o m e  o n  t h e  s c e n e  u n t i l  m u c h ,  m u c h  l a t e r  t h a n  t h a t .  W h a t  

w a s  y o u r  f i r s t  w o r k  t h e n ?

I  w a s t e d . . . I  h a d  b e e n  g i v e n  a  l i t t l e  h a n d  c o m p u t e r  a s  a  g o i n g  a w a y  g i f t  f r o m  

M I T .  I  w a s  e n t r a n c e d  b y  i t  a n d  I  f o u n d  a  p r o b l e m  t h a t  I  c o u l d  u s e  i t  f o r  w h i c h  

w a s  l o o k i n g  a t  a r i t h m e t i c  a s p e c t s  o f  t h e  s i g m a  s y s t e m .  W r o t e  t h e m  u p  i n  a n  

N M C  o f f i c e  n o t e  w h i c h  w a s  t h e  m o s t  p o p u l a r  o f f i c e  n o t e  I  e v e r  w r o t e  t h e r e ,  

b u t  o n e  w h i c h  I  t h i n k  h a d  t h e  l e a s t  s c i e n t i f i c  c o n t e n t  i n  i t .  A n d  t h e n  I  

f o r m u l a t e d ,  w h i l e  I  w a s  d o i n g  t h a t . . . I  w a s  b e c o m i n g  a c q u a i n t e d  w i t h  t h e  

f o r e c a s t  s y s t e m .  I  t h o u g h t  I  s a w  t h a t  t h e  L F M  w o u l d  b e  l i m i t e d  i n  i t s  

c a p a b i l i t i e s  b e c a u s e  i t  d e p e n d e d  f o r  i t s  l a t e r a l  b o u n d a r i e s  o n  a  f o r e c a s t  f r o m  a  

t w e l v e  h o u r  o l d  r u n  o f  a  h e m i s p h e r i c  m o d e l .  I  s a w  t h a t  i t  w a s  f a i r l y  

s t r a i g h t f o r w a r d  t o  s e t  u p  a  s t a n d - a l o n e  m o d e l  w h i c h  d e p e n d e d  o n  o t h e r  m o d e l s  

o n l y  f o r  i t s  i n i t i a l  a n a l y s i s .  T h e  f i r s t  g u e s s  i n  i t s  a n a l y s i s .  I  w a s  h e l p e d  v e r y  

m u c h  b y  K e n  C a m p a n a  w h o  w o r k e d  w i t h  m e  i n  t h e  v e r y  e a r l y  d a y s .  H e  

u n d e r s t o o d  o r  h a d  b e e n  t h e r e  l o n g  e n o u g h  t o  f e e l  c o m f o r t a b l e  w i t h  J C S  o r  J C L  

o r  w h a t e v e r  i t ' s  c a l l e d  -  t h e  p r o t o c o l s  t h a t  a r e  u s e d  t o  l a t c h  i n t o ,  t o  g a i n  e n t r y  

i n t o  t h a t  s y s t e m .  I  s t i l l  d o n ' t  k n o w  w h i c h  i s  t h e  I B M  n o t a t i o n  a n d  w h i c h  i s  t h e  

C D C  n o t a t i o n  f o r  t h a t  a c r o n y m .  W e  m a n a g e d  t o  r u n  v e r y  e f f i c i e n t l y  o n  t h e  

I B M  7 0 5 ?

T h a t  w o u l d  b e  t h e  3 6 1 ,  1 9 0  o r  s o .

S o m e t h i n g  l i k e  t h a t . . . 3 6 1 ,  1 9 0  o r  1 9 5  o r  s o m e t h i n g  l i k e  t h a t . . . b e c a u s e  w e  h a d  

t o  p a c e  t h e  . . .  i t  w a s  c o r e  l i m i t e d ,  v e r y  s t r i c t l y  c o r e  l i m i t e d  a n d  w e  h a d  t o  p a c e  

t h e  i n p u t  a n d  o u t p u t  s o  i t  w o u l d  b e  r e a d - o u t  a n d  r e a d - i n  w h i l e  c o m p u t a t i o n s  

w e r e  g o i n g  o n .  T o g e t h e r  w i t h  K e n  w e  g o t  t h a t  t o  b e  r a t h e r  e f f i c i e n t .  T h e  f i r s t  

t i m e  w e  r a n  i t  w i t h  r e a l  d a t a  i t  m a d e  a  f a i r l y  g o o d  f o r e c a s t .  W e  w e r e  v e r y
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c a r e f u l  w i t h  t h e  c o d e  a n d  s o  f o r t h .  W e  d i d n ' t  h a v e  a n y  p h y s i c s  i n  i t  f o r  a  l o n g  

t i m e ,  n o r  d i d  t h e  L F M  r e a l l y ,  o f  a n y  m e a n i n g f u l  c h a r a c t e r .  T h e n  N M C  b e g a n  

w o r k i n g  h a r d  o n  t h e  p r i n c i p l e s  o f  o p t i m u m  i n t e r p o l a t i o n  i n  t h e  m i d - s e v e n t i e s  

a n d  a l s o  u n d e r  J o e  S e l l a  t h e y  g o t  p r o b a b l y  t h e  f i r s t  o p e r a t i o n a l  s p e c t r a l  s y s t e m  

i n t o  o p e r a t i o n .  A l t h o u g h  a g a i n ,  t h e  g l o b a l  m o d e l  h a d  v e r y  l i t t l e  i n  t h e  w a y  o f  

p h y s i c s  o t h e r  t h a n  s u r f a c e  d r a g  a n d  c o n d e n s a t i o n  i n  i t .  I t  w a s  a  t i m e  o f  

c o n s i d e r a b l e  e f f o r t  a n d  f l u x  a t  N M C - - a  g o o d  t i m e  t o  h a v e  c o m e  t h e r e .  I t  w a s  

k n o w n  t h a t  F G G E  w a s  o n  t h e  w a y ,  b e c a u s e  i t  1 9 7 4  w h e n  I  a r r i v e d  a t  N M C .  

J o h n  B r o w n  a n d  I  e s t a b l i s h e d  v e r y  g o o d  r e l a t i o n s  a n d  h e  w a s  r e a l l y  w o r k i n g  

v e r y  h a r d  t o  m a k e  s u r e  t h a t  t h e  f o r e c a s t s  d u r i n g  F G G E  w o u l d  b e  a t  l e a s t  a s  

g o o d  a s  t h o s e  t h a t  w e r e  m a d e  b e f o r e  F G G E .  T h a t  w a s  h i s . . . t h a t ' s  w h a t  h e  

w o r r i e d  -  t h a t  t h e  a n a l y s i s  s y s t e m  w o u l d  f a l l  a p a r t  w h e n  p r e s e n t e d  w i t h  t h e  

n e w  d a t a - - s a t e l l i t e  d a t a  a n d  s o  f o r t h .  H e  m a n a g e d  t o  d i r e c t  t h e  d i v i s i o n  v e r y  

e f f i c i e n t l y  a l o n g  t h o s e  l i n e s .  A  l o t  r e m a i n e d  t o  b e  d o n e ,  e s p e c i a l l y  t h e  s y s t e m  

t h a t  A n d r e w  L o r e n c  a n d  o t h e r s  d e v e l o p e d  a t  R e a d i n g  w a s  a  n o t a b l e  

i m p r o v e m e n t  o v e r  w h a t  w e  w e r e  d o i n g .  T h e y  d i d  a n  a w f u l  l o t  o f  g o o d  w o r k .

W h e n  I  v i s i t e d  y o u  i n  1 9 7 5 ,  I  g u e s s  i t  w a s ,  a f t e r  a  s h o r t  v i s i t  a t  G F D L ,  y o u  h a d  

a  c o d e  a l m o s t  w r i t t e n  a t  t h a t  p o i n t  f o r  t h e  N G M  b u t  i t  d i d n ' t  b e c o m e  

o p e r a t i o n a l  f o r  a  l o n g  t i m e  a f t e r  t h a t .

T h e r e  w e r e  t w o  r e a s o n s  f o r  t h a t .  F i r s t ,  w e  e n t e r e d  a  c o m p e t i t i o n  f o r  a  n e w  

h e m i s p h e r i c  m o d e l  i n  1 9 7 7  a t  N M C .  T h e  N G M  o b v i o u s l y  f a i l e d  i n  t h e  o u t e r  

r e g i o n s  w h e r e  t h e  g r i d  w a s  v e r y  c o a r s e .  T h e  p r i m a r y  r e a s o n  w a s  t h a t  t h e  r u n  

t i m e  w a s  t o o  l o n g  f o r  t h e  o p e r a t i o n a l  r e q u i r e m e n t s - - c o u l d  n o t  b e  s a t i s f i e d  w i t h  

t h e  1 9 5  s p e e d s .  W h e n  t h e  b e n c h m a r k s  w e r e  b e i n g  d e s i g n e d  f o r  t h e  s u c c e e d i n g  

c o m p u t e r  I  p o i n t e d  o u t  t o  F r e d  S c h u m a n  t h a t  t h e  N G M  w a s  a  l o g i c a l  c a n d i d a t e  

b e c a u s e  w e  h a d  w r i t t e n  a  c o d e  i n  a  v e r y  e f f i c i e n t  w a y  f o r  t h e  1 9 5  w h e r e a s  t h e  

o t h e r  f o r e c a s t  c o d e s  a t  N M C  h a d  m o r e  o r  l e s s  d e v e l o p e d  i n  a n  a d - h o c  m a n n e r  

a n d  t h e y  w e r e  e a s y  m a r k s  f o r  a n y  c o m p u t e r  c o m p a n y  t o  i m p r o v e  u p o n  i n  t h e i r  

o w n  s t a t e - o f - t h e - a r t  c o d e s .  S o  t h e  N G M  w a s  o n e  o f  t h e  p r i n c i p a l ,  m a y b e  t h e  

p r i n c i p a l  b e n c h m a r k ,  w h e n  w e  e n d e d  u p  w i t h  t h e  2 0 5 .

T h e r e  a r e  t w o  m a j o r  a r e a s  o f  d e v e l o p m e n t  i n  t h e  e v o l u t i o n  o f  t h e  N M C ,

N M C ' s  m o d e l s  o v e r  t h e  p e r i o d  f r o m  t h e  l a t e  s e v e n t i e s  -  t h e  t i m e  o f  F G G E  -  

i n t o  t h e  m i d - e i g h t i e s .  T h a t  w a s  i n  t h e  a r e a  o f  a n a l y s i s ,  i n i t i a l i z a t i o n ,  

a s s i m i l a t i o n  g e n e r a l l y  -  t h a t  w a s  o n e  a r e a .  A n d  t h e  o t h e r  a r e a  w a s  i n  t h e  r o l e  

o f  p h y s i c s  i n  m o d e l s .  N M C  s e e m e d  t o  h a v e  a  v e r y  c o n s i d e r a b l e  r e l u c t a n c e  t o  

i m p l e m e n t  o r  d e v e l o p  a n  e x t e n s i v e  p h y s i c s  p a c k a g e  f o r  a n y  o f  i t s  m o d e l s .

I  t h i n k  t h a t ' s  c e r t a i n l y  t r u e .  I  t h i n k  m o s t  o f  u s  t h e r e  w h o  s h o u l d  h a v e  b e e n  a b l e  

t o  d o  i t  w e r e  u n f a m i l i a r  w i t h  t h e  t h e o r y  o f  r a d i a t i o n  o r  s u f f i c i e n t l y  u n f a m i l i a r  

w i t h  i t  s o  t h a t  w e  d i d n ' t  t h i n k  v e r y  m u c h  o f  g o i n g  b a c k  t o  i t .  I t  t o o k  a  w h i l e ,  I
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t h i n k ,  t o  r e a l i z e  t h a t  i t  r e a l l y  w a s  i m p o r t a n t ,  e v e n  i n  a  4 8 - h o u r  f o r e c a s t ,  t o  

a l l o w  f o r  t h e  r a d i a t i o n  e f f e c t s .  T h e  o t h e r  p h y s i c s  h a d  m o r e  o r  l e s s  b e e n  i n  t h e  

m o d e l ,  o r  b e i n g  p u t  i n  t h e  m o d e l ,  b u t  i t  w a s  t h e  r a d i a t i o n  w h i c h  b a s i c a l l y  w a s  

n o t  i n  t h e  m o d e l .  W e  a l l  h a d  s u r f a c e  h e a t  f l u x ,  s u r f a c e  s t r e s s e s ,  c o n d e n s a t i o n ,  

y o u  d i d  o r  d i d n ' t  h a v e  i n t e r n a l  t u r b u l e n c e ,  a n d  t h a t ' s  m o r e  s a t i s f a c t o r i l y  

h a n d l e d  n o w  t o d a y  p e r h a p s  t h a n  i t  w a s  t h e n  b y  a n y b o d y .  R a d i a t i o n  w a s  t h e  

m a i n  e l e m e n t  t h a t  w a s  m i s s i n g .  T h e  L F M  f o r  e x a m p l e ,  h a d  a  s i m p l e  s i x - t e n t h s  

o f  a  d e g r e e  s p e c i f i e d  r a d i a t i v e  c o o l i n g ,  m o d i f i e d  o n l y  b y  s o m e  s l i g h t  a t t e n t i o n  

t o  t h e  m o i s t n e s s  o f  t h e  l o w e r  l a y e r s  o f  t h e  t r o p o s p h e r e .

T h e i r  t r e a t m e n t  o f  c o n v e c t i o n ,  f o r  e x a m p l e ,  w a s  a  l i t t l e  c a v a l i e r  i n  t h a t  a l l  

c o n v e c t i o n  h a d  t o  s t o p  a t  3 0 0  m i l l i b a r s .

O h  y e s .  T h e r e  w e r e  t h o s e  h i s t o r i c a l  a r c h a i c  r e m n a n t s  o f  p r o b a b l y  o r i g i n a l l y  

m a c h i n e  l i m i t a t i o n s .  T h e  s i x - l e v e l s  w a s  d e f i n i t e l y  c h o s e n  a s  a  m a c h i n e  

s p e c i f i e d  b o u n d .  W h e n  S c h u m a n  d e v e l o p e d  t h a t  s y s t e m  h e  h a d  h i s  o w n  

v e r s i o n  o f  h o w  t o  t r e a t  t h e  t o p  o f  t h e  m o d e l  w i t h  a  s t r a t o s p h e r i c  l a y e r - - h i s  

p o t e n t i a l  t e m p e r a t u r e  w a s  c o n s t a n t .  O n c e  y o u ' v e  d o n e  t h a t  a n d  y o u  s t a r t e d  o u t  

a t  t h e  b o t t o m  o f  t h a t  l a y e r  a t  t h e  t r o p o p a u s e ,  i n  s o m e  p a r t s  o f  t h e  a t m o s p h e r e  

t h a t  w i l l  o c c u p y  a s  m u c h  a s  t h i r t y  p e r c e n t  ( 3 0 % )  o f  t h e  a t m o s p h e r e ,  a n d  o t h e r  

p a r t s  i t ' l l  b e  p e r h a p s  o n l y  t e n  p e r c e n t  ( 1 0 % ) .  Y o u  c a n  r u n  i n t o  c o n s i d e r a b l e  

d i f f i c u l t y  w i t h  t h e  h y d r o s t a t i c  e q u a t i o n  i f  y o u  s t a r t  t r y i n g  t o  b e  t o o  c u t e  a b o u t  

t e m p e r a t u r e  e f f e c t s  a n d  i n  c o m p u t i n g  c o n d e n s a t i o n  p r e s s u r e s  u n d e r  t h o s e  

c i r c u m s t a n c e s .  S o  i t ,  t h e  S c h u m a n  m o d e l ,  a n d  b y  t h a t  w e  s h o u l d  i n c l u d e  n o t  

o n l y  t h e  v e r t i c a l  s t r u c t u r e  t h a t  h e  a s s i g n e d  t o  i t  w i t h  t h e  a r b i t r a r y  5 0 - m i l l i b a r  

b o t t o m  b o u n d a r y  l a y e r  a n d  i t s  t o p  l a y e r ,  b u t  a l s o  t h e  s o m e w h a t  c o m p l i c a t e d  

h o r i z o n t a l  f i n i t e  d i f f e r e n c i n g  t h a t  S c h u m a n  w o r k e d  o u t  i n v o l v i n g  a v e r a g e s  o f  

v a r i o u s  k i n d s ,  t y p i c a l l y  c r o s s e d .  Y o u 'd  a v e r a g e  t h e  D D X  f i n i t e  d i f f e r e n c e  

o p e r a t o r ,  y o u 'd  a v e r a g e  t h a t  i n  Y ,  t h i n g s  l i k e  t h a t - - w h i c h  h e  f o u n d  w i t h  a  l o t  o f  

e m p i r i c a l  w o r k  w o u l d  g i v e  h i m  t h e  s y s t e m  o f  t h e  " p r i m i t i v e "  e q u a t i o n s  t h a t  

w o u l d  l a s t  f o r  s o m e  d a y s .

D i d  y o u  e v e r ,  I  s h o u l d  k n o w  b u t  I  d o n ' t  k n o w  i t ,  i f  a n d  w h e n  y o u  i n t r o d u c e d  a  

d a t a  a s s i m i l a t i o n  s y s t e m  f o r  t h e  L F M  i t s e l f  o r ,  s o r r y ,  f o r  t h e  N G M  i t s e l f ?

I t ' s  s t i l l  n o t  b e e n  d o n e .  T h e r e  w a s  w o r k  b e i n g  d o n e  i n  t h e  l a s t  m o n t h s  I  w a s  a t  

N M C ,  o n  u s i n g  t h e  N G M  t o  r e c y c l e  b y  i t s e l f  w i t h  a  v i e w  t o  b e i n g  a b l e  t o  

a c c o m m o d a t e  t h e  f o r t h c o m i n g  P r o f i l e r  w i n d  d a t a .  I  d o n ' t  k n o w  w h a t  t h e  s t a t u s  

o f  t h a t  s y s t e m  i s  n o w ,  i t  m a y  b e  h a v i n g  t o  b e  p h a s e d  b a c k ,  b u t  N M C  h a d  

a c c e p t e d  r e s p o n s i b i l i t y  t o  p r o v i d e  v e r y  q u i c k  a n a l y s e s  o f  t h a t  d a t a  f o r  r e a l t i m e  

u s e  b y  a i r c r a f t  s o  t h a t  y o u  w o u l d  h a v e  t h e  l a t e s t  a n a l y s i s  a n  h o u r  o r  t w o  a f t e r  

t h e  o b s e r v a t i o n s  w e r e  m a d e .
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N o r m ,  I  w o n d e r  i f  y o u  c o u l d  k i n d  o f  g i v e  s o m e  r a t i o n a l e  a s  t o  w h y  y o u  p i c k e d  

o u t  t h e  p a r t i c u l a r  n u m e r i c a l  s c h e m e  v e r s u s  o t h e r s  t h a t  w e r e  p o s s i b l e ,  i n c l u d i n g  

t h e  s p e c t r a l .

F o r  t h e  n e s t e d - g r i d  m o d e l ?

R i g h t .

I t  w a s  v e r y  p a r o c h i a l .  I  k n e w  I  w o u l d  w a n t  u n d e r  o p e r a t i o n a l  c o n d i t i o n s  a  

v e r y  s t a b l e ,  r o b u s t  s y s t e m ,  e s p e c i a l l y  w i t h  t h e  m u l t i p l e  g r i d s  i n t e r a c t i n g  b o t h  

w a y s .  I  h a d  f o u n d  t h i s  s y s t e m  b a s e d  o n  t h e  E l i a s s e n  g r i d  w h i c h  T o n y  h a s  

p o i n t e d  o u t  t o  m e  a s  a c t u a l l y  t h o u g h t  o f  b y  R i c h a r d s o n  y e a r s  e a r l i e r ,  b u t  

m o d i f i e d  s o  t h a t  i t  w a s  t h e  s i n g l e  s t e p  p r o c e d u r e  s o m e w h a t  a n a l o g o u s  t o  t h e  

L a x - W e n d r o f  s c h e m e .  B u t  t h a t  w a s  a  v e r y  r o b u s t  s c h e m e .  I t  h a d  n o  

c o m p u t a t i o n  m o d e s  w h a t s o e v e r  a n d  t h e r e f o r e  i t  c o r r e s p o n d e d  v e r y  c l o s e l y  t o  

w h a t  y o u  w a n t e d  t o  h a p p e n  p h y s i c a l l y  -  w h a t  y o u  w a n t e d  t o  i m i t a t e  -  t h a t  

w a s . . . I  c o u l d  h a v e  m a d e  t h a t  d e c i s i o n  p r o b a b l y  b e f o r e  I  a r r i v e d  a t  N M C .  I  

n e v e r  r e g r e t t e d  i t .  T h e r e  w e r e  c a s e s  w h e r e  o n e  c o u l d  s e e  t h a t  i n f l u e n c e s  

c o m i n g  a c r o s s  t h e  l a t e r a l  b o u n d a r i e s  f r o m  t h e  c o a r s e  g r i d  t o  t h e  f i n e  g r i d  o u t  i n  

t h e  w e s t  w e r e  n o t  h a n d l e d  c o r r e c t l y .  T h e r e  s e e m e d  t o  b e  k i n d  o f  a  r e f r a c t i o n  

e f f e c t  d u e  t o  t h e  c o m p u t a t i o n a l  p h a s e  s p e e d s  b e i n g  f a s t e r  o n  t h e  f i n e  g r i d  t h a n  

o n  t h e  c o a r s e  g r i d .  T h e  d i s t u r b a n c e ' s  p h a s e  s p e e d  p a r a l l e l  t o  t h e  g r i d  i n t e r f a c e  

w a s  f i x e d ,  b e c a u s e  i t  w a s ,  s o  t o  s p e a k ,  a n  o n c o m i n g  w a v e  f r o m  t h e  c o a r s e  g r i d ,  

i t  l o o k e d  l i k e  t h e  f i n e  g r i d  o b t a i n e d  t h e  f a s t e r  p h a s e  s p e e d  b y  m a k i n g  t h e  

d i s t u r b a n c e  m o v e  t o o  f a s t  t o  t h e  e a s t ,  i n t o  t h e  g r i d .  B u t  t h o s e  a r e  t o o  s u b t l e  f o r  

m e  t o  c o n s i d e r  i n  d e t a i l .

I n  t h e  f i e l d  o f  a s s i m i l a t i o n  f o r  t h e  m e d i u m - r a n g e  f o r e c a s t  m o d e l ,  a t  w h a t  p o i n t  

i n  t h e  d e v e l o p m e n t  o f  y o u r  i n t e r e s t  i n  a s s i m i l a t i o n  p r o b l e m s  d i d  t h e  n e e d  f o r  

a n  a c c u r a t e  f i r s t - g u e s s  f i r s t  r e a l l y  b e c o m e  a n  i m p o r t a n t  i s s u e  f o r  y o u ?

I  t h i n k  i t  w a s  m o s t l y  b y  l e a r n i n g  f r o m  t h e  E u r o p e a n  C e n t e r ' s  e x p e r i e n c e  a n d  

r e a l i z i n g  t h a t  t h e  a r i t h m e t i c  b e i n g  d o n e  t o  c o m b i n e  t h e  f i r s t  g u e s s  w i t h  t h e  

o b s e r v a t i o n s  w a s  n o t  m u c h  d i f f e r e n t  b e t w e e n  t h e  N M C  s y s t e m  a n d  t h e  

E u r o p e a n  C e n t e r  s y s t e m .  T h e  E u r o p e a n  C e n t e r ' s  f i r s t - g u e s s  w a s  b e t t e r  a n d  

t h a t  w a s  a t  l e a s t  a n  e a s y  w a y  t o  u n d e r s t a n d  w h y  o n e  a s p e c t  o f  w h y  t h e  

E u r o p e a n  C e n t e r ' s  m e d i u m - r a n g e  f o r e c a s t s  w e r e  b e t t e r  t h a n  t h e  N M C  o n e s .  

T h a t  w a s  a  c o n t r i b u t i n g  f a c t o r  f o r  m e .  W e  n e v e r  s a w  a n y  p a r t i c u l a r  c a s e s  

w h e r e  t h e  f i r s t - g u e s s ,  o r  v e r y  m a n y  c a s e s  o f  t h e s e ,  w h e r e  t h e  f i r s t - g u e s s  w a s  

v e r y  b a d  i n  a  s y s t e m a t i c  w a y .  ( I t ' s  h a r d  f o r  m e  t o  p i c k  t h e  r i g h t  w o r d s  h e r e . )  

T h e r e  a r e  a l w a y s  c a s e s  w h e r e  t h e  f i r s t - g u e s s  m a k e s  a n  e r r o r  s o  t h a t  y o u  c o u l d  

t h r o w  o u t  g o o d  d a t a  s i m p l y  b e c a u s e  t h e  f i r s t - g u e s s  h a d  a  l o w ,  f i v e  d e g r e e s  

l a t i t u d e  o f f  c o u r s e .  I f  y o u  d i s c o u n t  t h o s e  c a s e s ,  I  d o n ' t  t h i n k  w e  e v e r  s a w  a n y
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c a s e s  w h e r e  w e  c o u l d  c l e a r l y  s a y  t h a t  t h e  m o d e l  i s  a l w a y s  m a k i n g  h e i g h t s  t e n  

f e e t  t o o  l o w  i n  t h i s  r e g i o n  a n d  w e ' r e  n o t  g e t t i n g  q u i t e  t h e  i m p a c t  f r o m  t h e  d a t a ,  

t h e r e f o r e  t h a t  w e  s h o u l d  c o r r e c t  i t .  T h e r e  w a s  t h i s  c a s e  t h a t  y o u  a n d  L o r e n c  

a n d  S t e v e  T r a c t o n  w o r k e d  o n  w i t h  A n d r e w  L o r e n c ,  c o m p a r i n g  t h e  F G G E  

a n a l y s e s  t h a t  s h o w e d  -  w h i c h  h a d  a  c o n s i d e r a b l e  e l e m e n t  o f  t h a t  i n  i t  -  t h a t  t h e  

f i r s t - g u e s s e s  w e r e  d i f f e r e n t .  E n o u g h  s o  t h a t  i n  s o m e  c a s e s  t h e  d a t a  w a s  t h r o w n  

o u t  i n  o n e  o f  t h e  m o d e l s  b u t  n o t  i n  t h e  o t h e r .  T h a t  w a s  a b o u t  t h e  t i m e  t h a t  i t  

w a s  s i n k i n g  h o m e  t h a t  t h e  u s a b i l i t y  o f  t h e  d a t a  w a s  o f t e n  a f f e c t e d  -  b u t  n o t  

o f t e n  - b u t  o c c a s i o n a l l y  s e v e r e l y  a f f e c t e d  b y  q u a l i t y  o f  t h e  f i r s t - g u e s s .

A  l o t  m o r e  q u e s t i o n s  a b o u t  i n i t i a l i z a t i o n  a n d  a n a l y s i s  w h e r e  y o u  h a d  a  g r e a t  

d e a l  o f  a c t i v i t y  a n d  m a d e  m a n y  c o n t r i b u t i o n s  i n  t h e  e a r l y  e i g h t i e s  b u t  I  w o u l d  

l i k e  t o  g o  b a c k  a  l i t t l e  n o w  t o  t h e  a r e a  o r  t o  y o u r  i n v o l v e m e n t  w i t h  t h e  F G G E  

p r o j e c t .  T h a t  s p a r k e d  o f f  m a n y  m a n y  d e v e l o p m e n t s  i n  a s s i m i l a t i o n  a n d  i n  

a n a l y s i s  a n d  i n  f o r e c a s t i n g .  I t  l o o k s  l i k e  b y  b e i n g  a t  N M C  y o u  g o t  p i t c h f o r k e d  

i n t o  t h e  m i d d l e  o f  i t  a r o u n d  a b o u t  1 9 7 6  o r  s o  w h e n  t h e  U . S .  N a t i o n a l  

C o m m i t t e e .....

T h a t  w a s  a n  e n j o y a b l e  e x p e r i e n c e .  I  t h i n k  I  h a d  t o  w o r k  h a r d e r  o n  t h a t  

C o m m i t t e e ,  d i d  m y  h o m e w o r k  m o r e  o n  t h a t  C o m m i t t e e  t h a n  o n  a n y  o t h e r  o f  

t h e s e  n a t i o n a l  o r  i n t e r n a t i o n a l  c o m m i t t e e s  t h a t  I  w a s  o n .  I t  w a s  v e r y  e x c i t i n g  

a n d  i n t e r e s t i n g  a n d  o n e  w a s  w o r k i n g  a t  t h a t  l e v e l  w i t h  p e o p l e  f r o m  a n  

i n t e r n a t i o n a l  c o l l e c t i o n  o f  v e r y  c o m m i t t e d  a n d  c a p a b l e - - a n d  t h e y  w e r e  g o i n g  t o  

m a k e  t h i s  e x p e r i m e n t  w o r k .

W h a t  w e r e  t h e  b i g g e s t  i s s u e s  t h a t  y o u  h a d  t o  b e  i n v o l v e d  w i t h ?

T h e  o n e s  t h a t . . . . I t  w a s  a l w a y s  a  n a g g i n g  w o r r y  t h a t  t h e  i n i t i a l  d e s i g n  o f  t h e  d a t a  

r e q u i r e m e n t s  w a s  b e i n g  w a t e r e d  d o w n  a n d  i t  w a s  i n  e f f e c t - - t h a t  t h e  f i n a l  

d e c i s i o n s  a s  y o u  r e c a l l  w e r e  t h a t  i n  v i e w  o f  t h e  o b v i o u s  f i n a n c i a l  a n d  r e s o u r c e  

l i m i t a t i o n s  t h a t  i n s t e a d  o f  o b s e r v i n g  t h e  e n t i r e  a t m o s p h e r e  i n t e n s e l y  f o r  a n  

e n t i r e  y e a r  t h a t  t h e r e  w o u l d  b e  c e r t a i n  s p e c i a l  p e r i o d s  i n  w h i c h  o n l y . . . . w h i c h  

w e r e  t h e  o n l y  p e r i o d s  i n  w h i c h  s o m e  o f  t h e  m o r e  e x p e n s i v e  i n s t r u m e n t a t i o n  

l i k e  a i r c r a f t  r e c o n  f l i g h t s  w o u l d  b e  i m p l e m e n t e d ,  t r o p i c a l  r a d i o s o n d e s .  T h a t  

w a s  t h e  n a g g i n g  q u e s t i o n  a l l  t h e  t i m e  a s  I 'm  s u r e  m u s t  h a v e  b e e n  i n  t h e  m i n d s  

o f  S m a g o r i n s k y  a n d  W i i n - N i e l s e n  w h o  w e r e  i n v o l v e d  o n  t h e  i n t e r n a t i o n a l  

F G G E  p a n e l ,  a n d  t h e r e  w a s  a  q u e s t i o n  t h a t  t h e  s e c o n d  s a t e l l i t e  w a s  g o i n g  t o  b e  

d e l a y e d .

T h i s  w a s  t h e  p o l a r  o r b i t e r ?

P o l a r  o r b i t e r  -  s e c o n d  p o l a r  o r b i t e r  w a s  g o i n g  t o  b e  d e l a y e d  n i n e  m o n t h s .  T h e y  

h a d  t o  m a k e  a  d e c i s i o n  t o  g o  a h e a d  w i t h o u t  i t .  T h i s  d e c i s i o n  h a d  t o  b e  m a d e
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b e f o r e  t h e  f i r s t  o n e  w a s  e v e n  o p e r a t i o n a l ,  I  t h i n k .  T h e n  t h e  d i s t r i b u t i o n  o f  

r e s o u r c e s  f o r  t h e  t r o p i c a l  w e a t h e r  r e c o n  p l a n e s  w a s  c r i t i c a l .  T h e r e  j u s t  w e r e n ' t  

q u i t e  e n o u g h  - a b o u t  f i f t y  p e r c e n t  ( 5 0 % )  s h o r t f a l l  -  i n  t h e  p l a n e s  t h a t  y o u  m i g h t  

h a v e  b e e n  h a p p y  w i t h .  P a u l  J u l i a n  w o r k e d  v e r y  h a r d  o n  d e s i g n i n g  t h i s  f r o m  

N C A R .  I  t h i n k  t h a t  p r o g r a m  w o r k e d  o u t  b e t t e r  t h a n  o n e  c o u l d  h a v e  h a d  a n y  

r e a s o n  t o  h o p e  g i v e n  t h e  l i m i t a t i o n s  i n  t h e  a i r c r a f t .  T h e  d a t a  -  w e  w e r e  n e v e r  

c o n c e r n e d  v e r y  m u c h  w i t h  t h e  d a t a  p r o c e s s i n g .  T h a t  w a s  h a n d l e d  a l m o s t  

c o m p l e t e l y  b y  i n t e r n a t i o n a l  c o m m i t t e e s .  I f  I  h a d  b e e n  l i v i n g  i n  F i n l a n d  o r  

p e r h a p s  i n  t h e  S o v i e t  U n i o n  t h a t  w o u l d  h a v e  b e e n  a  s e r i o u s  m a t t e r ,  b u t  

s o m e h o w  w e  d i d n ' t  c o n c e r n  o u r s e l v e s  w i t h  t h a t  v e r y  m u c h .  P r o b a b l y  t h e r e  

w a s  s o m e o n e  i n  t h e  w e a t h e r  s e r v i c e  o r  N C A R  t a k i n g  c a r e  o f  t h a t .

A s  a n  e x p e r i m e n t ,  d o  y o u  h a v e  a n y  f e e l i n g s  f o r  t h e  o v e r a l l  s u c c e s s  a n d  f a i l u r e s  

o f  F G G E ?

I t  h a s  b e e n  a n  u n d o u b t e d  s u c c e s s  b u t  p r o b a b l y  n o t  q u i t e  i n  t h e  w a y  t h a t  

C h a r n e y ' s  o r i g i n a l  t h o u g h t s  a b o u t  i t  w e r e  c o n s t i t u t e d .  H e  w a n t e d  i t  t o  f i n d  t h e  

l i m i t a t i o n s  o f  d e t e r m i n i s t i c  f o r e c a s t s  -  i n  t h e  e a r l y  s i x t i e s .  A  y e a r  i s  p r o b a b l y  

n o t  e n o u g h  t o  e x h a u s t  t h a t  q u e s t i o n - - - t o  g e t  a  d e f i n i t i v e  a n s w e r  t o  t h a t  b e c a u s e  

t h e  p r e d i c t a b i l i t y  o f  t h e  a t m o s p h e r e  v a r i e s  f r o m  o n e  m o n t h  t o  a n o t h e r .  B u t  t h e  

b a s i c  i d e a  t h a t  t h e r e  w o u l d  b e  a  s t o r e  o f  d a t a  c a r e f u l l y  p r o c e s s e d  a n d  a r c h i v e d  

t h a t  w o u l d  b e  a  r e s o u r c e  f o r  s t u d i e s  o f  q u e s t i o n s  s i m i l a r  t o  t h a t  h a s  c e r t a i n l y  

b e e n  c a r r i e d  o f f  v e r y  w e l l  e v e n  t h o u g h  s e v e r a l  r e r u n s  o f  t h e  d a t a  p r o c e s s i n g  

h a v e  b e e n  n e c e s s a r y .  I  t h i n k  t h a t  w a s  a  m a r v e l o u s  s u c c e s s .  P e r h a p s  t h e  o n l y  

d a n g e r  b e i n g  t h a t  i n  r e t r o s p e c t  i t  s e e m s  e a s i e r  t h a n  i t  w a s  a t  t h e  t i m e  a n d  i t  

m a k e s  i t  t o o  e a s y  t o  t h i n k  o f  o t h e r  s y s t e m s  a s  b e i n g  a b l e  t o  b e  s p u n  u p  w i t h o u t  

a n  e q u i v a l e n t  c o m m i t m e n t .  O t h e r  e v e n  s m a l l e r  p r o g r a m s  w i t h  s m a l l e r  s c o p e  

d o  r e q u i r e  a n  i n t e n s e  c o m m i t m e n t .

W h o  w e r e  t h e  p r i m e  m o v e r s  a n d  s h a k e r s  i n  g e t t i n g  t h e  p o l i t i c a l  c o m m i t m e n t s  

a n d  f i n a n c i a l  c o m m i t m e n t s  f r o m  t h e  U . S .  g o v e r n m e n t ?

I  w a s n ' t  t o o  i n v o l v e d  i n  t h a t  c e r t a i n l y  b u t  I  w o u l d  g u e s s  t h a t  i t  w a s  p r i m a r i l y  

B o b  W h i t e .  I  w o u l d  d e f e r  c o m p l e t e l y  t o  a n y t h i n g  t h a t  y o u  m i g h t  l e a r n  f r o m  

h i m  o n  t h a t  s c o r e .  I n c i d e n t a l l y  h e  m i g h t  b e  a  g o o d  o n e  t o  i n t e r v i e w  o n  t h e s e  

m a t t e r s .

H e ' s  s c h e d u l e d .

I s  h e ?

Un hum. OK. OK.
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W a s h i n g t o n :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

Phillips:

A n d  m a y b e  T o m  M a l o n e - -  

T o m  M a l o n e .  Y e a h .

T h o s e  g u y s  s e e m e d  t o  h a v e  b e e n  h o l d i n g  t h e  l e v e r s  o f  f i n a n c i a l  p o w e r  i n  U . S .  

m e t e o r o l o g y  f o r  d e c a d e s  a n d  t h o s e  n a m e s  k e e p  c o m i n g  u p  a l l  t h e  t i m e .  R i g h t  

t h r o u g h  t h e  f i f t i e s ,  s i x t i e s  a n d  s e v e n t i e s .

I  d o n ' t  t h i n k  t h e y  w o u l d  s a y  t h e y  h a d  t h e  l e v e r s  o f  p o w e r ,  t h e y  k n e w  t e l e p h o n e  

n u m b e r s  [ l a u g h t e r ]  a d d r e s s e s .  A n d  c r e d i b i l i t y  s o  t h a t  p e o p l e  w o u l d ,  w h o  c o u l d  

m a k e  d e c i s i o n s  a b o u t  b u d g e t s ,  p a i d  a t t e n t i o n  t o  w h a t  t h e y  s a i d .

G i v e n  N M C ' s  i n v o l v e m e n t  i n  p r o d u c t i o n  o f  t h e  3 A  d a t a  s e t s ,  a n d  i n  f a c t  o f  t h e  

( u n k n o w n ? )  a s s i m i l a t i o n  s y s t e m  t o  r e c e i v e  t h i s  n e w  d a t a ,  i t  w o u l d  h a v e  

s e e m e d  l i k e  a  l i k e l y  p l a c e  t o  h a v e  d o n e  t h e  3 B  p r o d u c t i o n  a s  w e l l  a s  t h e  3 A  

p r o d u c t i o n .

I  t h i n k  t h e  r e s o u r c e s  S c h u m a n . . . . d i d  n o t  s e e  t h e  r e s o u r c e s  a v a i l a b l e  t o  d o  t h a t .  

A l l  w e  h a d  w a s  a  1 9 5  c o m p u t e r :  G F D L  h a d  t w o  1 9 5 s  i f  I  r e m e m b e r  r i g h t ,  a n d  

t h e y  g o t  a  f i f t h  g e n e r a t i o n  c o m p u t e r  b e f o r e  w e  d i d ,  a s  d i d  G L A S .  A l l  t h a t  w a s  

p o s t  F G G E .  T h e r e  j u s t  w e r e n ' t  t h e  r e s o u r c e s  a n d  w e  w e r e  s t r u g g l i n g  t o  c a t c h  

u p  w i t h  t h e  E u r o p e a n  C e n t e r  i n  t h e  d a i l y  f o r e c a s t .

W e ' d  o n l y  s t a r t e d ,  n o b o d y . . . .

W e l l ,  b u t  w e  k n e w  w h a t  w e  h a d  a n d  I  t h i n k  t h e  ( n o t  i n t e l l i g i b l e ? )

T h e  o t h e r  p l a c e  t h a t  I  h a d  o f  t h o u g h t  m i g h t  h a v e  t a k e n  o n  t h e  j o b  a n d  h a d  s o m e  

c a p a b i l i t y  u p  t o  '7 8  o r  ' 7 9 ,  a n d  i n d e e d  i n t o  1 9 8 0  I  t h i n k ,  w a s  N C A R .  N C A R  

h a d  w o r k e d  o n  t h e . . . . t h r o u g h  J u l i a n  a n d  L a l l y  o n  t h e  i n s t r u m e n t a t i o n  b u t  t h e r e  

h a d  b e e n  a  d e f i n i t e  d e c i s i o n  t a k e n  a t  N C A R  t h a t  t h e  3 B  a n a l y s i s  w a s  n o t  

s o m e t h i n g  t h e y  w a n t e d .  D o  y o u  h a v e  a n y  i n s i g h t  i n t o  w h y  t h a t  d e c i s i o n .......

I  c a n  i m a g i n e  w h y  a l t h o u g h  c e r t a i n l y  y o u  s h o u l d ,  m a y b e  y o u  s h o u l d  a s k  

K a s a h a r a  a n d  W a r r e n  t h e r e .  H a d  M i y a k o d a  f o u n d  o u t  a t  P r i n c e t o n  w h e n  h e  

d i d  t h e  3 B  a t  P r i n c e t o n ,  t h a t ' s  a  m a j o r  t a s k  y o u ' r e  u n d e r t a k i n g  w h e n  y o u ' r e  

g o i n g  t o  r e c e i v e  d a t a ,  w h e t h e r  i t ' s  i n  r e a l t i m e  o r  a r c h i v e  d a t a ,  a n d  r u n  a n  

a n a l y s i s  s y s t e m  o n  i t ,  a n d  t o  s e t  u p  t h a t  w h o l e  s y s t e m  f r o m  s c r a t c h - - - w h i c h  i s  

w h a t  t h e y  d i d  a t  G F D L  a n d  w h a t  w o u l d  h a v e  h a d  t o  b e  d o n e  a t  N C A R .  S o  I  

t h i n k  t h a t  M i y a k o d a  d e s e r v e s  s o m e  k u d o s  f o r  d o i n g  t h a t  a n d  I 'm  s u r e  h a l f  w a y  

a l o n g  h e  w i s h e d  h e  h a d n ' t ,  b u t  i t ' s  b e e n  u s e f u l  t o  h a v e  h i s  a n a l y s i s  s c h e m e

And another one would be Fleagle, Bob Fleagle.
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Hollingsworth:

Phillips:

Hollingsworth:

Phillips:

Hollingsworth:

Phillips:

Hollingsworth:

Phillips:

Hollingsworth:

Phillips:

which is different. It was not an OI scheme, operated on the FGGE data. But I 
really don't know for sure why NCAR declined the honor.

It was striking for us setting where we were. We were greenhorns in this area 
as in every other area of NWP when we started. The main operational center 
didn't want to go to bat and try to get the resources that would have made it 
possible to do it at the most natural place in some sense. There had been, for 
me at least, this very paradoxical article by Chuck Leith in 1978 where he 
described numerical weather prediction as an exhausted technology or dying 
technology. He set out in great detail the enormous gap there was between 
potential skills and the actual skills which looked like a marvelous opportunity 
and then interpreted that as a signal that it was impossible to do any better. So 
it seems to have been a peculiar....

I don't think that his article made any impact among the operational 
community. In fact, I don't remember where it was published even, it may 
have been published in a somewhat obscure....

Annual Reviews Of Fluid Mechanics.

No one at NMC ever read those. I didn't after I went there. I read them 
frequently at MIT but ... so ... there had no dampening effect whatsoever. And 
administrators had not read it unless he sent them reprints.

It seemed to us at the time [interrupted]

I don't know if that was a reason that....

It was around about this time, '78 to 1980 that NCAR finally decided that it 
was going to disband its isolation booth and get out of that business altogether.

I was an infrequent visitor to NCAR in the seventies and eighties so I am not 
familiar with their decisions.

I'm not sure which question to ask next. Let me talk some more about the 
FGGE data. One of the things that was very surprising for us in Reading to 
hear was that somehow or other in the middle of FGGE, Norm Phillips was 
working on retrievals. How did you get involved in that?

In '79 or late '78 John Brown had a heart attack. He was not present to pummel 
his branch chiefs into responding aggressively towards developing a program 
to monitor and assimilate satellite data. So I stepped in and got authority from 
Fred Schuman to be the czar within the Development Division of what should
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W a s h i n g t o n :

P h i l l i p s :

Washington:

b e  d o n e  i n  t r y i n g  t o  m e e t  t h i s  o n c o m i n g  f l o o d  o f  d a t a .  D e s m a r a i s  a t  N M C  w a s  

t h e  o n e  p e r s o n  w h o  h a d ,  u p  u n t i l  t h a t  t i m e ,  w o r k e d  v e r y  h a r d .  H e ' d  d e v e l o p e d  

c o d e s  s o  p e o p l e  c o u l d  l o o k  a t  t h e  d a t a  a n d  t o  m a k e  i t  a c c e s s i b l e  t o  t h e  e x i s t i n g  

N M C  a n a l y s i s  s c h e m e s .  H e  a n d  I  w o r k e d  h a r d  o n  t h a t  a n d  I  d e v e l o p e d  

p r o g r a m s  t o  m o n i t o r  t h e  r e c e i p t  o f  t h e  d a t a  w h i c h  t u r n e d  o u t  t o  b e  v e r y  u s e f u l  

t o  b e  a b l e  t o  c a l l  u p  N E S S  p e o p l e  a n d  t e l l  t h e m  t h a t  s o m e t h i n g  w a s  g o i n g  

w r o n g  i n  t h e  s y s t e m  a n d  t h e  d e l i v e r y .  E v e n t u a l l y  t h o s e  p r o b l e m s  d i s a p p e a r e d  

o r  t h e y  d e v e l o p e d  t h e i r  o w n  r e a l t i m e  d e l i v e r y  m o n i t o r i n g  s y s t e m  c a p a b i l i t i e s  

s o  t h a t  I  n o  l o n g e r  h a d  t o  w o r r y  a b o u t  i t  u s u a l l y .  T h e n  i t  t u r n e d  o u t  t h a t  t h e  

f o r e c a s t i n g  p e o p l e  i n  N M C  n o t i c e d  o c c a s i o n a l l y  s o m e  v e r y  b a d  d a t a  f r o m  t h e  

s a t e l l i t e  i n  r e g i o n s  w h e r e  t h e r e  w e r e  e n o u g h  a i r c r a f t  r e p o r t s  t h a t  t h e y  c o u l d  b e  

c o n f i d e n t  t h a t  s o m e t h i n g  w a s  w r o n g  w i t h  t h e  s a t e l l i t e  d a t a  o u t  o v e r  t h e  o c e a n .  

W e  e a r l y  o n  f o u n d  o u t  t h a t  t h e  s a t e l l i t e  d a t a  o v e r  l a n d  w a s  b e s t  l e f t  u n u s e d ,  

e s p e c i a l l y  o v e r  t h e  w e s t e r n  p a r t  o f  N o r t h  A m e r i c a ,  a n d  u s e d  i t  o n l y  o v e r  w a t e r .  

I  d e c i d e d  t o  t r a c k  d o w n  s o m e  o f  t h o s e  m o s t  o u t l a n d i s h  c a s e s .  I  t h i n k  i t  w a s  

m o s t l y  a  f e e l i n g  o f  i r r i t a t i o n  t h a t  t h e  f a c t  t h a t  R o y  M c C a r t e r ,  w h o  w a s  s e n i o r  -  

w e l l  h e  w a s  t h e  b r a n c h  m a n a g e r  i n  t h e  a n a l y s i s  s e c t i o n .  A  c r u s t y  o l d  A i r  F o r c e  

f e l l o w  -  v e r y ,  v e r y  c o n s c i e n t i o u s .  H e  w o r r i e d  m o r e  a b o u t  N M C ' s  a n a l y s e s  

t h a n  a n y o n e  e l s e  a t  N M C ,  b u t  n o n e t h e l e s s ,  a  v e r y  c r u s t y  f e l l o w .  H e  w a s  o n e  

o f  t h o s e  w h o  p o i n t e d  t h e s e  o u t  t o  m e .  S o  I  t o o k  i t  a s  a  c h a l l e n g e  a n d  w e  f o u n d  

o u t  t h a t  i t  w a s  i n  c l o u d y  r e g i o n s  a n d  t h e s e  w e r e  m i c r o w a v e  r e t r i e v a l s  a n d  i t  

t u r n e d  o u t  i n  t h i s  c a s e  t h a t  t h e  N E S S  r e t r i e v a l  s y s t e m ,  w h i c h  w a s  a  s t a t i s t i c a l  

s y s t e m  t h a t  B i l l  S m i t h  h a d  d e v i s e d ,  w a s  i g n o r i n g  t h e  f a c t  t h a t  t h e  m i c r o w a v e  

r a d i a n c e  w a s  n o t  c o m i n g  f r o m  t h e  s e a  s u r f a c e  b u t  w a s  c o m i n g  f r o m  r a i n d r o p s .  

T h e  r e s u l t  w a s  a  v e r y  c o l d  s o u n d i n g .  I  w a s  c o n v i n c e d  o f  t h i s  v e r y  q u i c k l y  b y  

l o o k i n g  a t  a l l  t h e  m a p s  f o r  D e c e m b e r  o f  '7 9  o r  '7 8  -  I  f o r g e t  w h i c h  i t  w a s  -  

s h o w i n g  w h e r e  t h e s e  r e p o r t s  w e r e  b a d .  T h e y  i m m e d i a t e l y  c h a n g e d  t h e i r  

r e t r i e v a l  s y s t e m .  B u t  i n  t h e  p r o c e s s  o f  d o i n g  t h i s  I  r e a l i z e d  t h a t  t h e i r  " t h i r d  

p a t h s "  [ r e t r i e v a l s  b a s e d  o n l y  o n  m i c r o w a v e  r a d i a n c e s — N A P ]  d i d n ' t  s e e m  a s  

g o o d  a s  t h e y  c o u l d  b e .  T h e y  w e r e  n o t  u s i n g  a n y  c o n t r o l  o f  t h e  s e a  s u r f a c e  

t e m p e r a t u r e .  T h e y  u s e d  t h e  s e a  s u r f a c e  t e m p e r a t u r e  f i e l d  w h i l e  t h e y  w e r e  

m a k i n g  r e t r i e v a l s  b u t  i t  w a s  t h e  a n a l y z e d  f i e l d  f r o m  N M C  w h i c h  d e p e n d e d  o n  

a  v a r i e t y  o f  d a t a .  T h e  N E S S  s y s t e m  d i d  n o t  u s e  t h e  s e a  s u r f a c e  i n f o r m a t i o n  

t h a t  w a s  a v a i l a b l e  o n  t h o s e  c h a n n e l s  t h a t  w e r e  u s e d  e s p e c i a l l y  o n  t h e  

s p a c e c r a f t ,  I ' v e  f o r g o t t e n  s o m e  o f  t h e s e  d e t a i l s  n o w ,  t o  m a k e  t h e i r  s e a  s u r f a c e  

a n a l y s i s .

I 'm  s o r t  o f  c u r i o u s ,  N o r m .  H o w  c o m e  t h a t  N E S S  d i d n ' t  v e r i f y  f o r  t h e  p l a c e s  

w h e r e  t h e y  h a d  t h e i r  f i n e  d a t a ,  t h e  r e t r i e v a l s  s y s t e m ?

T h e y  d i d .  O v e r  l a n d .

But they didn't do it over ocean?
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P h i l l i p s :  N o , t h e y  h a d ....... i t  w a s  d i f f i c u l t  f o r  t h e m .  T h e y  u n f o r t u n a t e l y  h a d  b u d g e t a r y

p o l i c i e s  s o  t h a t  t h e y  h a d  a l m o s t  n o  i n - h o u s e  p r o g r a m m i n g  c a p a b i l i t y .  T h e y  

h a d  t o  c o n t r a c t  o u t  a l l  o f  t h e i r  p r o g r a m m i n g  w h i c h  m e a n t  t h e r e  w a s  a  l o n g  l i n e  

b e t w e e n  a n  i d e a  a n d  g e t t i n g  s o m e o n e  t o  w r i t e  a  p r o g r a m  f o r  i t  a n d  t e s t  i t  o n  a  

c o m p u t e r .  P l u s ,  [ y o u ? ]  g r a d u a l l y  g e t  r e d  t a p e  i n v o l v e d  i n  t h a t  r e q u e s t ,  i n  

f o r m s  a n d  s o  o n .  W h e r e a s  I  c o u l d  j u s t  s i t  d o w n  o r  c o m e  t o  t h e  s h o p  a t  n i g h t  

a n d  l a y  o u t  a  p r o g r a m  a n d  d o  i t  t h a t  n i g h t .  I  h a d  a c c e s s  t o  t h e  p e o p l e  a t  N M C  

a n d  t h o s e  w h o  h a d  b e e n  t h e r e  f r o m  t h e  b e g i n n i n g  w h o  k n e w  h o w  t h e  d a t a  w a s  

d e f i n e d  a n d  l o c a t e d  o n  t h e  N M C  d a t a  d i s k .  N E S S  r e a l l y  d e p e n d e d  o n  N M C  t o  

c a r r y  o u t  t h i s  f u n c t i o n .  T h e y  n e v e r  e m p h a s i z e d  i t  t o o  m u c h  t h a t  i t  w a s  o u r  

r e s p o n s i b i l i t y  b u t  i t  b e c a m e  a p p a r e n t  t h a t  t h a t  w a s  t h e  o n l y  t h i n g  t h a t  m a d e  

s e n s e ,  a n d  w e  t o o k  i t  o v e r  f o r  a  w h i l e .  T h e y  h a v e  r e c e n t l y  b e g u n  t o  g e t  m o r e  

c l e v e r  o n  t h e s e  t h i n g s  a n d  m o r e  p o w e r f u l  a t  t h a t .  W h e n  t h e y  s t a r t  g e t t i n g  

t e l e g r a m s  f r o m  E C M W F  t h a t  " w h a t ' s  w r o n g  i n  t h e  S o u t h  P a c i f i c  a t  

2 0 0  m i l l i b a r s , "  a n d  y o u  g e t  f o u r  o r  f i v e  o f  t h o s e ,  a n d  t h e i r  a d m i n i s t r a t o r  b e g i n s  

t o . . .

END OF TAPE 3, SIDE 1
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TAPE 3, SIDE 2

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

Interview with Norman Phillips

I  h o p e  w e  d i d n ' t  l o s e  t o o  m u c h  o n  t h a t .

A t  a n y  r a t e ,  s o  t h a t  I  c o u l d  q u i c k l y  d e v e l o p  m y  o w n  s t a t i s t i c a l  s c h e m e ,  u s i n g  

w h a t e v e r  c h a n n e l s  I  w a n t e d  t o  a s  i n p u t  d a t a  - -  o f  c o u r s e  I  t a l k e d  w i t h  t h e  N E S S  

s o u n d i n g  p e o p l e ,  L a r r y  M c M i l l i n  a n d  o t h e r s ,  D a v e  W a r k ,  t o  g e t  t h e i r  a d v i c e .  I  

w o r k e d  w i t h  D e s m a r a i s  o n  t h i s  a l s o ,  a n d  w e  c a m e  o u t  w i t h  o u r  f i r s t  a s s e s s m e n t  

o f  t h e  F G G E  e r r o r s  o v e r  t h e  o c e a n  w h i c h  w e  -  o f  t h e  s a t e l l i t e  e r r o r s  o v e r  t h e  

o c e a n  -  r e t r i e v a l  e r r o r s  -  i n c l u d i n g  v e r t i c a l  c o r r e l a t i o n s  w h i c h  w e r e  t h e  o n l y  

i n f o r m a t i o n  o n  t h a t  f o r  s o m e  y e a r s .  T h e n  I  t u r n e d  o f f  t h e  i n f r a r e d  p a r t  o f  t h a t  

s y s t e m  a n d  c o n c e n t r a t e d  o n  t h e  m i c r o w a v e  r e t r i e v a l s  o v e r  t h e  N o r t h e r n  

H e m i s p h e r e  o c e a n s .  T h o s e  w e r e  t h e  o p e r a t i o n a l  N E S S  r e t r i e v a l s  b e t w e e n  3 0  

a n d  6 0  n o r t h ,  I  t h i n k  u n t i l  a b o u t  t w o  y e a r s  a g o .

D e s p i t e  t h e  f a c t  t h a t  y o u  w e r e  i n v o l v e d  w i t h  t h e  N E S D I S  o n  -  N E S S  o r  

N E S D I S  -  o n  t h e  m i c r o w a v e  r e t r i e v a l s ,  t h a t  s e e m e d  t o  b e  t h e  o n l y  l i n k  -  i t  w a s  

a  b a c k d o o r  t y p e  l i n k  w h e r e  y o u  w e r e  d o i n g  s o m e  f r e e  p r o g r a m m i n g  f o r  

N E S D I S .  I t  s e e m e d  t o  b e  a n  i n - b u i l t  p r o b l e m  i n  t h e  d e s i g n  o f  t h e s e  

o r g a n i z a t i o n s  t h a t  t h e y  w e r e  s e t  u p  a s  r e a l l y  a n  o p e r a t i o n a l  o r g a n i z a t i o n  i n  

s o m e  s e n s e .  T h a t  y o u  h a d  a  p r o b l e m ,  y o u  d e s i g n e d  a  s o l u t i o n ,  t h e  s o l u t i o n  b y  

d e f i n i t i o n  w o r k e d  a n d  t h e n  y o u  i m p l e m e n t e d  i t  a n d  y o u  l e t  i t  r u n .  W h e r e a s  i n  

o u r  e x p e r i e n c e  h a s  b e e n  t h a t  t h e  t i g h t e r  t h e  l i n k  b e t w e e n  o p e r a t i o n s  a n d  

r e s e a r c h  t h e  f a s t e r  y o u  m a k e  p r o g r e s s  b o t h  i n  o p e r a t i o n s  a n d  i n  r e s e a r c h .  I n  

t h o s e  i n s t i t u t i o n a l  w a l l s  w i t h i n  N O A A  d i d n ' t  c o m e  d o w n  i n  1 9 8 0  e v e n  t h o u g h  

y o u  h a d  d e m o n s t r a t e d  t h a t  i t  w a s . . . .

I n  t h e  b e g i n n i n g  i n  t h e  F G G E  y e a r s  a n d  f o r  a  f e w  y e a r s  a f t e r ,  t h e r e  w a s  a  v e r y  

p o w e r f u l  N E S S  c o m m i t t e e  t h a t  m e t ,  I  t h i n k  b i - w e e k l y ,  h e a d e d  b y  H a r o l d  Y a t e s  

a n d  t h e  e n g i n e e r  w h o  c a m e  o u t  h e r e  t o  B o u l d e r  a n d  w a s  h e a d  o f  B o u l d e r  L a b  

f o r  a  w h i l e  [ C .  L u d w i g - N A P ] . . . . b u t  t h e  t w o  o f  t h e m ,  t h e y  w e r e  r e a l l y  o p e r a t i n g  

t h e  s y s t e m  -  b o t h  t h e  r e s e a r c h  a n d  t h e  o p e r a t i o n a l  s y s t e m  w i t h i n  N E S S .  T h o s e  

w i t h i n  N E S S  w e r e  t i g h t l y  r e l a t e d ,  I  t h i n k .  B u t  D e s m a r a i s  a n d  I  w e r e  o n  t h a t  

c o m m i t t e e  f o r  t h r e e  o r  f o u r  y e a r s .  T h e n  a b o u t  t h e  t i m e  t h a t  D a v e  J o h n s o n  

r e t i r e d  a s  h e a d  o f  N E S S  a n d  t h e s e  c h a n g e s  t o o k  p l a c e  u n d e r n e a t h  a n d  t h a t  

c o m m i t t e e  w a s  m o d i f i e d  a n d  e v e n  t h o u g h  I  t r i e d  t o  g e t  i n v i t e d  t o  i t  n o n e  o f  t h e  

a d m i n i s t r a t o r s  w h o m  I  s p o k e  t o  a b o u t  t h a t  e v e r  i n v i t e d  m e ,  t h e  c o o p e r a t i o n  

w i t h  N M C  d e t e r i o r a t e d  t o  s o m e  e x t e n t .  I t  t o o k  p l a c e  m o s t l y  b e t w e e n  t h e i r  

o p e r a t i o n a l  p e o p l e ,  w a s  a  m o r e  d i r e c t  t h i n g  b e t w e e n  t h e i r  o p e r a t i o n a l  p e o p l e  

a n d  D e s m a r a i s  a n d  m e  b y  t e l e p h o n e  w i t h  u s  h a v i n g  n o  i m p a c t  w h a t s o e v e r  o n  

N E S S  p l a n n i n g .  I t  w a s  a n  u n f o r t u n a t e  o c c u r r e n c e .
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Hollingsworth:

I  t h i n k  t h e  s i t u a t i o n  h a s  i m p r o v e d  a  l o t  i n  t h e  l a s t  y e a r  o r  m o r e  b e c a u s e  w e  

h a v e . . . .

M a y b e  b e c a u s e  I  r e t i r e d .

W e l l ,  I  t h i n k  w e  h a v e  c o m e  u p  w i t h  s o m e  m o r e  e v i d e n c e  o f  t h e  n e e d  f o r  s u c h  a  

m u c h  t i g h t e r  l i n k  i n  t h a t  a r e a  a n d  i t ' s  c e r t a i n l y  l o o k i n g  b e t t e r .  O K .  S o  t h a t ' s  

N E S D I S  a n d  w e ' v e  t a l k e d  a b o u t  F G G E .  T h e  o t h e r  a r e a  n o w  t h a t  I ' d  l i k e  t o  

c o m e  b a c k  t o  i s  t h e  a r e a  o f  a n a l y s i s  a n d  a s s i m i l a t i o n  a g a i n .  I  h a v e  s o m e  

p e r s o n a l  r e c o l l e c t i o n s  o f  t h i s .  I ' d  l i k e  t o  a s k  y o u  f o r  y o u r  v i e w s  o f  y o u r  o w n  

d e v e l o p m e n t  i n  t h a t  a r o u n d  a b o u t  1 9 8 0  o r  1 9 8 1  y o u  w r o t e  a  p a p e r  w h i c h  s a i d  

t h a t  O I ,  i n  e s s e n c e  O I  w a s n ' t  r e a l l y  w o r k i n g  o r  t h e  c o m b i n a t i o n  o f  O I  a n d  

n o r m a l  m o d e  i n i t i a l i z a t i o n  r e a l l y  w a s n ' t  d o i n g  t h e  b u s i n e s s .  S o  t h e r e  w a s  a  

n e e d  t o  h a v e  a  f i n a l  s t e p  i n  t h e  a s s i m i l a t i o n  w h i c h  w o u l d  b e  a  S a s a k i - t y p e  

v a r i a t i o n a l  a n a l y s i s  t o  b e  r u n  a f t e r  t h e  O I  a n a l y s i s .  Y o u  p u b l i s h e d  t h a t  a n d  I  

w a s  v e r y  s u r p r i s e d  b y  t h e  r e s u l t s  i n  t h e r e  b e c a u s e  i t  s e e m e d  t o  m e  t h a t  t h e y  

w e r e  w r o n g  a n d  t h a t  i f  y o u  d i d  t h e  O I  r i g h t  a n d  d i d  t h e  n o r m a l  m o d e  

i n i t i a l i z a t i o n  r i g h t ,  t h e n  t h e r e  w a s  n o t h i n g  m o r e  f o r  a  v a r i a t i o n a l  a n a l y s i s  t o  d o .  

I  t a l k e d  w i t h  s o m e  o f  t h e  p e o p l e  a t  N M C  a n d  t h e y  s h a r e d  t h a t  v i e w  b u t  n o b o d y  

w a s  w i l l i n g  t o  t a k e  y o u  o n  a n d  c h a l l e n g e  y o u  o n  t h a t .

A t  t h a t  t i m e  t h e  O I  I  w a s  f a m i l i a r  w i t h  w a s  n o t  a  v e r y  g o o d  O I  i n  o p e r a t i o n  

( t h e  N M C  o n e ) .  T h a t  m a y  h a v e  c o l o r e d  m y  v i e w s .  B u t  t h e  n e x t  p a p e r  I  

p u b l i s h e d  c o n t r a d i c t e d  t h a t  p r e v i o u s  p a p e r  c o m p l e t e l y  a n d  s a i d  i f  y o u  d i d  t h e  

O I  r i g h t  t h e r e  w a s  n o t h i n g  l e f t  f o r  a  g e o s t r o p h i c a l l y  c o n d i t i o n e d  S a s a k i  

a n a l y s i s  t o  d o .  I  w a s  e n g a g e d  i n  t h e  p r o c e s s  o f  l e a r n i n g  t h a t  t i m e .  I  u s u a l l y  

h a v e  a l w a y s  w i t h h e l d  p u b l i c a t i o n s ,  I  h a v e  n o t  p u b l i s h e d  a s  m u c h  a s  m a n y  

p e o p l e  b u t  i n  t h i s  c a s e  I  p r o b a b l y  s h o u l d  n o t  h a v e  p u b l i s h e d  t h a t  o n e  p a p e r .

I  t h o u g h t  i t  w a s  i n  s o m e  s e n s e  a n  i n d i c a t i o n  o f  t h e  a w e  i n  w h i c h  y o u  w e r e  h e l d  

w i t h i n  N M C .  P e o p l e  r e a l l y  w e r e  i n  a w e  o f  y o u  a n d  w e r e n ' t  p r e p a r e d  t o  g e t  i n  

t h e  r i n g  a n d  w r e s t l e  w i t h  y o u .

O h .  T h a t  m a y  b e  b u t  I  t r i e d  n o t  t o  e n c o u r a g e  t h a t  a w e .

W e r e  y o u  a w a r e  o r  c o n s c i o u s  o f  t h i s  y o u r s e l f ?

O h ,  y e s ,  i f  I  t h o u g h t  a b o u t  i t  I  c o u l d  r e a l i z e  t h e r e  w a s  o c c a s i o n s  o n  w h i c h  I  h a d  

t h e  l a s t  w o r d ,  o c c a s i o n s  o n  w h i c h  I  h a d  t h e  l a s t  w o r d  b u t  d i d n ' t  m e a n  a n y t h i n g  

a l s o .

Then, after that....
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I  t h i n k  t h e  s i t u a t i o n  i s  t h a t  t h e  o t h e r  p e o p l e  a t  N M C  w e r e  n o t  b a s i c a l l y  

t h e o r e t i c a l l y  i n c l i n e d  i n  o r d e r  t o  c o n s i d e r  w h a t  w a s  b e i n g  d o n e  a t  a  d e e p  l e v e l  

o r  s e m i - d e e p  l e v e l  i n  a n a l y s i s .  T h e y 'd  c o m e  f r o m  t h e  b a c k g r o u n d  o f  t h e  

C r e s s m a n  a n a l y s i s  -  a  v e r y  e m p i r i c a l  p r o c e s s .  T h e y  k n e w  a b o u t  g e o s t r o p h i c  

a d j u s t m e n t  b u t  b a s i c a l l y  w e r e  n o t  t h e o r e t i c i a n s  i n  a n y  s e n s e .  L i k e  w e  w e r e  

t a l k i n g  i n  t h e  c a r  t h i s  m o r n i n g ,  i f  y o u ' r e  n o t  a  t h e o r e t i c i a n  y o u  a r e  i n c l i n e d  t o  

a c c e p t  t h e  t h e o r i s t  a s  c o r r e c t ,  o r  i f  y o u ' r e  a  t h e o r e t i c i a n  y o u ' r e  i n c l i n e d  t o  

a c c e p t  o b s e r v a t i o n s  a s  c o r r e c t .

B u t  t h e n  a f t e r  t h a t  y o u  g o t  i n v o l v e d  i n  a  l o t  o f  w o r k  o n  t h e  s t a t i s t i c s  o f  s h o r t -  

r a n g e  f o r e c a s t  e r r o r  w h i c h  a r e  a  b a s i c  b u i l d i n g - b l o c k  o f  t h e  O I  a n a l y s i s  a n d  i t  

s e e m e d  t o  b e  a  f a s h i o n a b l e  s u b j e c t  a m o n g s t  a  s m a l l  l i t t l e  c o t e r i e  b e c a u s e  o f  

p e o p l e  a t  G L A S ,  B a l g o v i n d  -  t h o s e  g u y s .  T h e y  p r o d u c e d  a  s t a t i s t i c a l  m o d e l  

f o r  f o r e c a s t  e r r o r s ,  a n d  y o u  p r o d u c e d  o n e ,  a n d  t h e r e  w a s  a  l o t  o f  a c t i v i t y  a b o u t  

K a l m a n - B u s s e .  Y o u  w e r e  a d v o c a t i n g  t h a t .  I  r e m e m b e r  t h a t  a t  t h e  S t a n f o r d  

s e m i n a r  i n  '8 2 .  M i c h a e l  G i l l  w a s .....

W e  w e r e n ' t  a d v o c a t i n g  i t ,  t h e . . . . K a l m a n - B u s s e  i s ,  s t r i c t l y  s p e a k i n g ,  i s  w h e r e  

y o u  p r e d i c t  t h e  e v o l u t i o n  o f  t h e  e r r o r  c o v a r i a n c e  m a t r i x  a n d  t h a t  i s  n - f o l d  t i m e s  

m o r e  c o m p l i c a t e d  t h a n  p r e d i c t i n g  t h e  f i e l d  i t s e l f .  N o  o n e  i s  a b o u t  t o  d o  t h a t .  

T h e  O I  i s  t h e  s h o r t c u t  i n  w h i c h  y o u  r e p l a c e  t h a t  s y n o p t i c  d i s t r i b u t i o n  o f  e r r o r  

c o v a r i a n c e  m a t r i x  b y  a  s t a t i s t i c a l  c l i m a t o l o g i c a l  p r e s c r i p t i o n .  T h a t ' s  w h a t  t h e  

G L A S  p e o p l e  w e r e  d o i n g  a n d  w h a t  I  w a s  d o i n g  b y  o f f e r i n g  v a r i o u s  m o d e l s  t o  

e x p l a i n  t y p i c a l  o b s e r v e d  e r r o r  c o v a r i a n c e s .  T h e y  c a m e  o u t  f i r s t  w i t h  w h a t  i s  

e s s e n t i a l l y  t h e  R o s s b y  r a d i u s  o f  d e f o r m a t i o n  f o r  t h e  f i r s t  i n t e r n a l  m o d e  a s  t h e  

h o r i z o n t a l  c o - v a r i a n c e  d i s t a n c e .  I t  s e e m e d  t o  m e  t h a t  t h a t  c o u l d  e q u a l l y  w e l l  

b e  e x p l a i n e d  b y  -  t h a t  w o u l d  a l s o  c o r r e s p o n d  t o  t h e  s y n o p t i c  i n s t a b i l i t y  s c a l e .

I t  w o u l d  b e  f u n ,  a n d  I  u s e  t h a t  w o r d  a d v i s e d l y ,  i t  w o u l d  b e  f u n  a n d  i n t e r e s t i n g  

t o  s e e  w h a t  w o u l d  h a p p e n  w i t h  a n o t h e r  a s s u m p t i o n .  I  t h o u g h t ,  w e l l ,  l e t ' s  

a s s u m e  r a n d o m  e r r o r s  i n  R o s s b y  m o d e s  a n d  i t  e x p l a i n e d  a  f a i r  n u m b e r  o f  

t h i n g s .  I t  d i d n ' t  e x p l a i n  i t  b u t  i t  i m i t a t e d  a  f a i r  n u m b e r  o f  f e a t u r e s  s e e n  i n  r e a l  

e r r o r s .  B u t  i t  w a s  c l e a r  i t  w o u l d  b e  a  v a l i d  m o d e l  o n l y  u n d e r  c e r t a i n  i d e a l i z e d  

c i r c u m s t a n c e s .  S o  I  c o u l d  w r i t e  t h e  p a p e r  w i t h  t h e s e  f e a t u r e s  i n  i t  a n d  t h e n  I  

h a d  a n  e x c u s e  f o r  a n y  s i t u a t i o n  i n  w h i c h  t h e  p r e d i c t i o n s  w e r e  i n  e r r o r .

I t  w a s  a r o u n d  t h i s  t i m e  t o o  t h a t  y o u  g o t  i n v o l v e d  i n  s o m e t h i n g  t h a t  m u s t  h a v e  

b e e n  q u i t e  n e w  f o r  y o u  w a s  t h e  - -  y o u  w e r e  a  m e m b e r  o f  a  W o r k i n g  G r o u p  o n  

N u m e r i c a l  E x p e r i m e n t a t i o n  -  o r  s o m e  s u c h  g r o u p  -  a n d  y o u  h a d  t o  w r i t e  a  

p a p e r  w h i c h  o b v i o u s l y  h a d  p o l i t i c a l  c o n t e n t  o n  n u c l e a r  w i n t e r .

O h .  T h i s  w a s  t h e . . . D i c k  H a l l g r e n  t a l k e d  m e  i n t o  b e i n g  a  m e m b e r  o f  t h e  J o i n t  

S c i e n t i f i c  C o m m i t t e e  f o r  t h e  W o r l d  C l i m a t e  R e s e a r c h  P r o g r a m .  I  t h i n k  t h e  

f i r s t  m e e t i n g  I  w e n t  t o  w a s  i n  C h i n a .  G e o r g e  G o l i t s i n  a n d  I  g o t  t a s k e d  w i t h  t h e
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i d e a  o f ,  I  d o n ' t  k n o w  t h a t  i t ' s  a n  i d e a ,  b u t  w i t h  t h e  j o b  o f  w r i t i n g  a  s u m m a r y  o f  

s t u d i e s  t h a t  h a d  b e e n  m a d e  o n  n u c l e a r  w i n t e r .  T h i s  h a d  s o m e  k i n d  o f  a  

p o l i t i c a l  h i s t o r y  i n  t h a t  t h e  C o m m i t t e e  h a d  b e e n  a s k e d  t o  d o  t h i s .  P .  M o r e l  h a d  

b e e n  a s k e d  t o  c o n v e y  t h i s  m e s s a g e  t o  t h e  C o m m i t t e e  b y  t h e  W M O  E x e c u t i v e  

C o m m i t t e e .  I  t h i n k  w a s  a  r e s p o n s e  t h a t  h a d  b e e n  e n g i n e e r e d  b y  . . . I  s u s p e c t  t h i s  

w a s  a  r e s p o n s e  t h a t  h a d  b e e n  e n g i n e e r e d  b y  H a l l g r e n  a n d  M a s o n  t o  c o o l  d o w n  

s o m e  o f  t h e  r h e t o r i c  t h a t  w a s  c o m i n g  a t  t h e  W M O  f r o m  t h e  S o v i e t s .  I  r e a d  

m a n y  o f  t h e  p u b l i c a t i o n s  t h a t  h a d  a p p e a r e d  i n  t h e  p a s t  y e a r  - t h e y  w e r e  c o m i n g  

o u t  h o t  a n d  h e a v y ,  a n d  G e o r g e  d i d  t h e  s a m e  i n  R u s s i a .  W e  m e t  t o g e t h e r  i n  

L o n d o n  t h e  n e x t  y e a r ,  a  f e w  d a y s  a h e a d  o f  t i m e ,  a n d  p u t  o u r  t h o u g h t s  t o g e t h e r .

I  d r a f t e d  s o m e t h i n g  a n d  s e n t  i t  t o  h i m  a n d  h e  a d d e d  a n d  c h a n g e d  i t  a n d  I  

p o l i s h e d  i t  u p .  T h e n  i t  w a s  p a s s e d  o n  t o  t h e  W M O  i n  t h e  t i m e  l i m i t  t h a t  w e  

w e r e  g i v e n .  I t  w a s  a c t u a l l y  p r i n t e d  b y  t h e  W M O  a s  s o m e  k i n d  o f  a  t e m p o r a r y  

d o c u m e n t .  B u t  i t  c o n t a i n s  n o  n e w  t h e o r y  - i t  c o n t a i n s  o n l y  o u r  i n t e r p r e t a t i o n s  

o f  w h a t  a  r a t i o n a l  p e r s o n  m i g h t  r e a s o n  f r o m  t h e  v i e w p o i n t s  t h a t  h a d  b e e n  

p r e s e n t e d .  I t  w a s  n o t  a  b a s i c . . . . i n p u t  - -  i t  a d d e d  n o t h i n g  n e w ,  I  d o n ' t  t h i n k ,  t o  

t h e  o n g o i n g  d i s c u s s i o n .  I t ' s  a  s u m m a r y  s o  t h a t  a d m i n i s t r a t o r s  c o u l d  r e a d  i t  a n d  

g e t  a  v i e w  o f  w h a t  t w o  m e t e o r o l o g i s t s  t h o u g h t  a b o u t  t h i s  n o i s e  t h a t  w a s  

h a p p e n i n g  a b o u t  n u c l e a r  w i n t e r .

W e r e  y o u  l o b b i e d  i n  a n y  w a y  i n  w r i t i n g  t h i s ?

N o ,  I  t h i n k  n o t  -  I  w a s n ' t  l o b b i e d .  I  r e m e m b e r  t h a t  t h e r e  w a s  o n e  m e e t i n g  a t  

t h e  C o s m o s  C l u b  t h a t  H a l l g r e n  a n d  T o m  M a l o n e ,  i n  t h i s  t i m e  f r a m e ,  J o h n  

P e r r y ,  i n  w h i c h  t h e  m a i n  t o p i c  o f  d i s c u s s i o n  w a s  h o w  c o u l d  H a l l g r e n  c o u n t e r  

t h i s  p r e s s u r e  f r o m  t h e  S o v i e t  U n i o n  a t  t h e  W M O .  I  j u s t  s a t  q u i e t l y  t h r o u g h o u t  

m u c h  o f  t h a t  m e e t i n g .  D i d n ' t  f i n d  a  v e r y  c h e e r f u l  v i e w  o f  m e t e o r o l o g i c a l  

p o l i t i c s .

W a s  t h a t  y o u r  o n l y  e x p o s u r e  t o  r e a l  h i g h - l e v e l  m e t e o r o l o g i c a l  p o l i t i c s  o r  h a d  

t h e r e  b e e n  a n y  e a r l i e r  e p i s o d e s  o f  t h a t  k i n d  i n  y o u r  c a r e e r ?

N o ,  I 'd  n e v e r  b e e n  t h a t  c l o s e  t o  i t .  I  g a v e  t h e  S i x t h  W M O  L e c t u r e  a b o u t  t h r e e  

a n d  o n e - h a l f  y e a r s  a g o  i n  G e n e v a .  H a l l g r e n  h a d  a  p a r t y  t h a t  e v e n i n g  t o  w h i c h  

t h e r e  w e r e  a  s u r p r i s i n g l y  s m a l l  a m o u n t  o f  f o r e i g n  r e p r e s e n t a t i v e s  i n v i t e d .  O n e  

o f  t h e m  w a s  a  y o u n g  l a d y  f r o m  B r u n e i .  I  d o n ' t  r e m e m b e r  i f  b e f o r e  t h e n  o r  

l a t e r  t h a t  i t  c a m e  o u t  t h a t  t h e  S u l t a n  o f  B r u n e i  w a s  o n e  o f  t h o s e  w h o  h a d  b e e n  

t a p p e d  f o r  c o n t r i b u t i o n s  t o  t h e  C o n t r a s  i n  N i c a r a g u a .  E i t h e r  t h a t  o r  s h e  w a s  

t h e r e  b e c a u s e  m a y b e  t h e  S u l t a n  w o u l d  d o n a t e  s o m e  m o n e y  t o  t h e  W M O .  I  

d o n ' t  k n o w .  B u t  c e r t a i n l y  i n  t e r m s  o f  m e t e o r o l o g i c a l  " t h r o w  w e i g h t "  s h e  d i d n ' t  

d e s e r v e  t o  b e  t h e r e .

D u r i n g  y o u r  t i m e  o n  t h e  J S C  w e r e  t h e r e  a n y ,  a p a r t  f r o m  t h e  n u c l e a r  w i n t e r
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i s s u e ,  w e r e  t h e r e  a n y  i s s u e s  t h a t  y o u  t h o u g h t  w e r e  i m p o r t a n t  a n d  t h a t  y o u  

o u g h t  t o  e x p r e s s  s t r o n g  v i e w s  o f  t h e m ?

N o .  I t  w a s ,  i t  s t r u c k  m e  i t  w a s  d i f f e r e n t  - -  I  q u i c k l y  r e a l i z e d  t h a t  t h i s  w a s  

d i f f e r e n t  a  p r o g r a m  t h a n  F G G E .  B e f o r e  I  w e n t  t o  t h e  f i r s t  m e e t i n g  I  h a d  o n l y  

t h e  F G G E  e x p e r i e n c e  t o  d r a w  o n  b u t  i t  b e c a m e  q u i t e  c l e a r  t h a t  t h e  W o r l d  

C l i m a t e  R e s e a r c h  P r o g r a m  w a s  a  l o n g  t i m e  a f f a i r .  O n e  t h i n g  t h a t  b o t h e r e d  m e  

t h e  m o s t  w a s  t h e  d i f f i c u l t y  o c e a n o g r a p h e r s  w e r e  g o i n g  t o  h a v e  i n  t h e i r  

m o d e l l i n g  o f  t h e  o c e a n ,  i n  m o d e l l i n g  s m a l l - s c a l e  t u r b u l e n t  t r a n s p o r t  w i t h i n  t h e  

o c e a n .  C o m p u t e r s  w o u l d  e v e n t u a l l y  e n a b l e  t h e m  t o  h a n d l e  b o t h  t h e  G u l f  

S t r e a m  e d d y  s i z e s  a n d  t h e  e n t i r e  o c e a n  b a s i n  e d d i e s .  B u t  t h e  s m a l l - s c a l e -  

m e t e r ;  a n d  l e s s - t u r b u l e n c e  w a s  s o m e t h i n g  w h i c h  I  d i d n ' t  t h i n k  t h e y  

w e r e . . . k n e w ,  o r  a n y o n e ,  n o t  j u s t  t h e m ,  a n y o n e  k n e w  e n o u g h  a b o u t  t o  

c o n f i d e n t l y  p a r a m e t e r i z e  i n  o r d e r  t o  m a k e  p r e l i m i n a r y  a s s e s s m e n t s  o f  t h i n g s  

l i k e  w h e r e  C O 2  w e r e  g o i n g  i n  t h e  o c e a n ,  m e t h a n e ,  a n d  s o  f o r t h .  I  d i d n ' t  

f e e l . . . o u t s i d e  o f  r e m i n d i n g  J o h n  W o o d  a n d  o t h e r s  o f  t h e s e  f e a t u r e s  d u r i n g  t h e  

m e e t i n g s .  I  d i d n ' t  s e e  t h e r e  w a s  a n y t h i n g  u s e f u l  t o  b e  o b t a i n e d  b y  e m p h a s i z i n g  

i t  m o r e  t h a n  t h a t .  H e  w a s ,  a f t e r  a l l ,  d e v o t i n g  h i s  l i f e  t o  a t t e m p t s  t o  m e a s u r e  

a n d  i n f e r  s u c h  p r o c e s s e s .  Y o u  c a n ' t  t e l l  a  m a n  t h a t ' s  n o t  g o o d  e n o u g h  -  t h e y  

h a v e n ' t  g o n e  f a r  e n o u g h  i n  t h a t .  E s p e c i a l l y  s i n c e  h e  i s  b e i n g  v e r y  i n g e n i o u s  

a n d  s u c c e s s f u l  i n  m a n y  w a y s .

W h a t  d i d  y o u  s e e  a s  t h e  k e y  d i f f i c u l t i e s  i n  t h a t  a r e a ?

W e l l  i t  w o u l d  b e  t h e  s p o r a d i c . . . . p r o b a b l y  t h e  s p o r a d i c  n a t u r e  o f  t h e  t u r b u l e n c e .

I  k n o w  o f  n o  i n s i g h t f u l  a d d i t i o n s ,  c o m m e n t s  t o  m a k e .  B u t  I  w o r r y  a b o u t  i t .

S t i l l  s t i c k i n g  w i t h  t h e  p o l i t i c a l  s c i e n c e  a s p e c t s  o f  y o u r  w o r k  o v e r  t h e  l a s t  t e n  

y e a r s  o r  s o ,  y o u ' v e  b e e n  a  m e m b e r  o f  t h e  A c a d e m y  n o w  f o r  s o m e  l o n g  t i m e .  I  

d o n ' t  k n o w  w h e n . . .

'7 6 .

'7 6  y o u  w e r e  e l e c t e d .  T h a t  i s  a  v e r y  i n f l u e n t i a l  b o d y  i n  U . S .  s c i e n c e  a n d  

p r e s u m a b l y  i n  f u n d i n g  - t h e  d i r e c t i o n  o f  f u n d i n g  t h a t  U . S .  s c i e n c e .

N o ,  n o t h i n g  l i k e  I  g a t h e r  i s  s a i d  o r  d o n e  i n  E n g l a n d .  N o t h i n g  a t  a l l .  I t  m o s t l y  

i s  s e t  u p  t o  r e s p o n d  t o  s p e c i f i c  s t u d i e s  t h a t  a r e  r e q u e s t e d  a n d  f u n d e d  b y  p a r t s  o f  

t h e  e x e c u t i v e  b r a n c h  o f  t h e  g o v e r n m e n t  -  a n d  f o r  t h e  C o n g r e s s .  T h e i r  m o s t  

p o p u l a r  d o c u m e n t s  a r e  t h r e e  o r  f i v e  y e a r  u p d a t i n g s  o f  d i e t  s u g g e s t i o n s  f o r  f a r m  

a n i m a l s .  T h e y  d o  a  l o t  o f  v e r y  g o o d  w o r k .  T h e y  p u b l i s h  a n d  d o  o t h e r  s t u d i e s  -  

a n d  l a t e l y  F r a n k  P r e s s  h a s  b e e n  t r y i n g  t o  g e t  t h e  A c a d e m y  t o  h a v e  e n o u g h  

m o n e y  o f  i t s  o w n  -  e n d o w m e n t  -  s o  t h a t  i t  c a n  s p o n s o r  s t u d i e s  t h a t  i t  t h i n k s  a r e
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d u e  e v e n  t h o u g h  t h e y  h a v e  n o t  y e t  b e e n  a s k e d  b y  t h e  g o v e r n m e n t  i t s e l f .  I t ' s  t h e  

N a t i o n a l  R e s e a r c h  C o u n c i l  w h i c h  i s  t h e  s o  t o  s p e a k  e x e c u t i v e  a r m  o f  t h e  

S o c i e t y ,  n o t  t h e  S o c i e t y ,  t h e  A c a d e m y  t h a t  c a r r i e s  o u t  t h e s e  s t u d i e s .  T h a t ' s  

w h e r e  a l l  t h e  m e t e o r o l o g i c a l  c o m m i t t e e s  a r e  o r g a n i z e d .

N o r m ,  y o u ' v e  c h o s e n  n o t  t o  c h a i r  c o m m i t t e e s ,  I  g u e s s  t h a t  a r e  o f  t h e  A c a d e m y .  

I s  t h a t  c o r r e c t ?

I  w a s  i n v o l v e d  q u i t e  a  b i t  i n  t h e  s i x t i e s  a n d  o f f  a n d  o n  i n  t h e  s e v e n t i e s .  I  j u s t  

t h o u g h t  i t  t i m e  e n o u g h  t o  g e t  o u t  o f  t h e  w a y .

H a v e  y o u  u s e d  y o u r  p o s i t i o n  i n  t h e  A c a d e m y  t o  t r y  t o  g e t  c e r t a i n  s t u d i e s  d o n e ?

N o .  I ' v e  b e e n  I  m u s t  a d m i t  a  s o m e w h a t  p a s s i v e  m e m b e r  o f  t h e  A c a d e m y .

M o s t  m e m b e r s  a r e  v e r y  p a s s i v e .  N o ,  I ' v e  b e e n  i n v o l v e d  s i n c e  I ' v e  b e e n  a  

m e m b e r .  T h e s e  d i f f e r e n t  c o m m i t t e e s  a n d  p a n e l s  o f  t h e  A c a d e m y  a r e ,  t h e y  l i k e  

t o  h a v e  a s  h i g h  a  r e p r e s e n t a t i o n  o f  A c a d e m y  m e m b e r s  a s  p o s s i b l e .  I ' v e  b e e n  

o n  t h o s e  s i n c e  I ' v e  b e e n  a n  A c a d e m y  m e m b e r  b u t  i t ' s  t a p e r e d  o f f .

W e r e  t h e r e  a n y  o f  t h o s e  s t u d i e s  t h a t  y o u  w e r e  i n v o l v e d  i n  t h a t  y o u  e n j o y e d  o r  

f e l t  w e r e  r e a l l y  w o r t h  w h i l e ?

N o ,  I  c a n ' t  s a y  t h a t  t h e y  w e r e .  T h e y ' r e  k i n d  o f  h o u s e k e e p i n g  d u t i e s  t h a t  

s o m e o n e  h a d  t o  d o .  B y  b e i n g  o n  t h e  c o m m i t t e e  o r  p a n e l  y o u  c o u l d  s e e  t h a t  

t h e y  w e r e  d o n e  i n  a  r e a s o n a b l e  w o r k m a n l i k e  m a n n e r .  T h a t  w a s  a l l  y o u  c o u l d  

e x p e c t .  T h e r e  h a v e  b e e n  s o m e  s l i g h t l y  m o r e  i n f l u e n t i a l  a c t i o n s .  F o r  e x a m p l e ,  

o n  a d - h o c  p a n e l s ,  t h e r e  w a s  a n  a d - h o c  p a n e l  t h a t  w r o t e  u p  a  s t a t e m e n t  f o r  t h e  

S c i e n c e  A d v i s o r ,  i t ' s  l i s t e d  i n  o n e  o f  t h e s e  d o c u m e n t s ,  o f  t h e  t h i n g s  t h a t  t h e  

g o v e r n m e n t  s h o u l d  s p o n s o r  f i n a n c i a l l y  i n  m e t e o r o l o g y ,  a t m o s p h e r i c  s c i e n c e s .  

W e  e m p h a s i z e d  N E X R A D  -  I  s p e n t  s o m e  t i m e  g e t t i n g  b r i e f e d  o n  N E X R A D  s o  

t h a t  I  c o u l d  c o n s c i e n t i o u s l y  p u s h  t h a t  a s  a  l e g i t i m a t e  p u s h  f o r  t h e  g o v e r n m e n t  -

-  a n d  t h e  P r o f i l e r .  T h a t  w a s  t a k e n  u p  a g a i n  t h e  n e x t  t i m e  t h e  A t m o s p h e r i c  

S c i e n c e s  g o t  a  w h a c k  a t  i t .  T h e y  a r e  s t i l l  g o i n g  f o r w a r d .  I  r e m e m b e r  t h e  f i r s t  

t i m e ,  B e n t o n ,  a s  a  r e p r e s e n t a t i v e  o f  N C A R  I  t h i n k ,  c a m e  t o  u s  a n d  " w a v e d "  a  

n e w l y  p r i n t e d  S T O R M  -  d o c u m e n t ,  s a i d  t h a t  w e  s h o u l d  e n d o r s e  t h i s .  I  

r e m e m b e r  o b j e c t i n g  s t r o n g l y  t o  t h a t  s i t u a t i o n .  W e  h a d n ' t  h a d  a  c h a n c e  t o  r e a d  

i t .  W e  w e r e  d o i n g  s o m e  t h i n g s  t h a t  w o u l d  b e  b e n e f i c i a l  t o  t h e  S T O R M  

c o n c e p t .

C h a n g e  i n  t a c k  a g a i n .  I 'm  g o i n g  t o  l e a d  u p  I  h o p e  t o  f i n i s h  t h i s  t a p e  b y  t a l k i n g  

a  l i t t l e  b i t  a b o u t  y o u r  m o n o g r a p h  t h e  W M O  m o n o g r a p h .  A b o u t  w h e r e  

n u m e r i c a l  w e a t h e r  p r e d i c t i o n  a n d  m o d e l l i n g  g e n e r a l l y  i s  g o i n g . . . .
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W e l l ,  I  t h i n k  i t  h a s  s o m e t h i n g  t o  s a y  a b o u t  t h a t .

O K .  G o  a h e a d .

B e f o r e  t h a t ,  I  g u e s s  a s  a  d e n i z e n  o r  a  d e n i z e n  o f  E C M W F  f o r  t h e  l a s t  d e c a d e  o r  

m o r e ,  d o  y o u  t h i n k  t h a t  o r g a n i z a t i o n  h a s  c o n t r i b u t e d  m u c h ?

O h ,  a b s o l u t e l y .

I n  w h a t  w a y s ?

T h e y  h a v e  t h e  t a l e n t  a n d  t h e  m o n e y ,  c o m p u t e r s ,  t h e  p o w e r  t o  d o  w h a t  s h o u l d  

b e  d o n e  i n  t h e  f i e l d  o f  n u m e r i c a l  p r e d i c t i o n .  A n d  s e t  a n  e x a m p l e  f o r  t h e  o t h e r  

E u r o p e a n  c o u n t i e s  t h e m s e l v e s  a s  w e l l  a s  s e v e r a l  g r o u p s  i n  t h e  U n i t e d  S t a t e s .  

N o t  j u s t  N M C  a n d  N C A R  b u t  a l s o  t h e  N a v y ,  p e r h a p s  t h e  A i r  F o r c e  a t  O f f u t .  

A n d  b r o u g h t  l i f e ,  I  t h i n k  c o n s i d e r a b l e  l i f e ,  b a c k  i n t o  l a r g e - s c a l e  w e a t h e r  

p r e d i c t i o n .  A  s y s t e m  t h a t  h a d  n o t  y e t  b e e n  e x h a u s t e d .

H o w  f a r  f r o m  e x h a u s t i o n  i s  i t ?  O r  d o  y o u  t h i n k  t h e r e ' s  a  w h o l e  n e w  w o r l d  o u t  

t h e r e ?

I ' v e  m a d e  t o o  m a n y . . . . I  h a v e  n o t  m a d e  v e r y  m a n y  - -  i n  t h e  e a r l y  d a y s  I  m a d e  

s t a t e m e n t s  o f  t h i s  n a t u r e  t h a t  I  t h i n k  w e r e  w r o n g  a n d  I 'm  n o t  a b o u t  t o  m a k e  a n y  

s t a t e m e n t .  [ l a u g h t e r ]  M a y b e  t o o  o p t i m i s t i c  i n  t h e  e a r l y  d a y s  b u t  n o w  I 'm  n o t  

g o i n g  t o  c o u n t e r  t h a t  b y  b e i n g  t o o  p e s s i m i s t i c .

T h e r e  i s  I  t h i n k  a  h e a l t h y  c h a n g e  i n  N M C  a n d  I  t h i n k  T o n y  m e n t i o n e d  

s o m e t h i n g  a b o u t  t h i s  e a r l i e r .  I n  f a c t  I ' l l  b e  t a k i n g  p a r t  i n  i t  l a t e r  t h i s  w e e k ,  a s  

p a r t  o f  t h e  U C A R  V i s i t i n g  S c i e n c e  P r o g r a m .  T h a t  c h a n g e  I  t h i n k  i s  h o w  N M C  

i s  b r i n g i n g  l o t s  o f  y o u n g e r  s c i e n t i s t s  i n ,  s t i m u l a t i n g  t h e  e n v i r o n m e n t  I  t h i n k ,  

b r i n g i n g  i n  s o m e  n e w  i d e a s ,  d i f f e r e n t  a p p r o a c h e s .  I  t h i n k  t h e r e  w a s  a  p e r i o d  

t h a t  N M C  w a s  k i n d  o f  a  d u l l  p l a c e  i n  t h e  s i x t i e s .

M a y b e  s o .

I  t h i n k  h a v i n g  s o m e  s e n i o r  p e o p l e  l i k e  y o u  a r o u n d  p r o b a b l y  h e l p e d  a  l o t  w i t h  

s o m e  o f  t h e s e  p e o p l e .

O n e  o f  t h e  t h i n g s  I  w a s  p r o u d  o f  s t a r t i n g  a t  N M C  w a s  t h e  w e e k l y  s a c k  l u n c h  

s e m i n a r  w e  h a d  t h e r e  w h i c h  o c c a s i o n a l l y  b r o u g h t  i n  o u t s i d e  s p e a k e r s  b u t  t h e y  

w e r e  f r e q u e n t l y  s c h e d u l e d  i n d e p e n d e n t l y .  B u t  a t  l e a s t  l e t  u s  k n o w  w i t h i n  t h e

Oh no, it has nothing to do with that.
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b u i l d i n g  a n d  w i t h i n  N E S S  o c c a s i o n a l l y ,  a n d  G L A S ,  t o  s o m e  e x t e n t  U n i v e r s i t y  

o f  M a r y l a n d ,  w h a t  o t h e r  p e o p l e  w e r e  d o i n g  o n  t h e  l o c a l  s c e n e .  T h a t  m a y  h a v e  

h e l p e d  g i v e  a  m o r e  a c a d e m i c  t o n e  t o  t h e  p l a c e ,  t h e  r e s e a r c h  a s p e c t s .  I  t h i n k  t h e  

v i s i o n  h a s  b e e n  b r o a d e n e d  i n  a  l a r g e  s c a l e  b y  t h e  l o c a t i o n  i n  t h e  b u i l d i n g  

w i t h i n  N M C  i t s e l f  p r o p e r ,  o f  p a r t  o f  t h e  N O A A  c l i m a t e  p e o p l e .  I t ' s  l e s s  

p a r o c h i a l  t h a n  i t  w a s  i n  t h e  s i x t i e s .

I  f o u n d  t h a t  N M C ' s  s e m i n a r  a c t i v i t i e s  w a s  q u i t e  h i g h .  I f  y o u  c o u n t  a l s o  

s e m i n a r s  g i v e n  a t  U n i v e r s i t y  o f  M a r y l a n d  a n d  G L A S ,  t h e  W a s h i n g t o n  a r e a  i s  

o n e  o f  t h e  e x t r e m e l y  h i g h  c o n c e n t r a t i o n  o f  s e m i n a r s .  I 'm  s u r e  t h a t  I  f o u n d  i t  

v e r y  c h a l l e n g i n g .  I s  t h a t  w h a t  y o u  h a v e  n o t i c e d ?

I  t h i n k  t h a t  y e s ,  t h a t ' s  c h a n g e d  a  l o t .  I  m e a n  G L A S  c o m i n g  d o w n  m a d e  a  b i g  

d i f f e r e n c e .  I n  f a c t ,  a  n o t i c e a b l e  f r a c t i o n  o f  t h e  d e v e l o p m e n t  d i v i s i o n  i n  N M C  

n o w  c o n s i s t s  o f  p e o p l e  w h o  u s e d  t o  w o r k  f o r  N A S A .

I t  w a s  p r o b a b l y  a  h e a l t h y  d e v e l o p m e n t .  I s  t h e r e  c r o s s  f e r t i l i z a t i o n ?  I s  t h e r e  

t r a f f i c  t h e  o t h e r  w a y  a s  w e l l ?

T h e r e  w a s  o n e  e x a m p l e  w h e r e  B o b  L i v e s e y  w e n t  f r o m  N M C  t o  N A S A .  I  t h i n k  

h e ' s  s t i l l  t h e r e  a t  t h i s  t i m e  b u t  I 'm  n o t  s u r e .  C i v i l  s e r v a n t s  a r e  c i v i l  s e r v a n t s  a n d  

t h e y  d o  p r i z e  t h e i r  j o b  s e c u r i t y  a n d  r e l a t i v e l y  f e w  o f  t h e  p e o p l e  a t  G o d d a r d  

h a v e  t h a t  s e c u r i t y .

N o r m ,  I  j u s t  w o n d e r e d  i f  y o u  h a d  a n y  p h i l o s o p h i c a l  s t a t e m e n t s  o r  t h o u g h t s  

a b o u t ,  y o u  k n o w ,  t h e  e a r l y  p e r i o d s  o f  n u m e r i c a l  w e a t h e r  p r e d i c t i o n  

c o n c e n t r a t e d  o n  t r y i n g  t o  i m p r o v e  t h e  d a t a  a n d  t h e  i n i t i a l i z a t i o n .  N o w  a s  w e  

a t t e m p t  t o  d o  m o r e  l o n g e r  r a n g e  f o r e c a s t i n g ,  w h e r e  t h e  d i f f e r e n c e  i n  b e t w e e n  

N W P  a n d  c l i m a t e  i s  k i n d  o f  m u d d i e d .  I s  t h a t  s o r t  o f  w h e r e  t h e  b i g  p a y o f f s  a r e  

g o i n g  t o  b e ,  d o  y o u  t h i n k ?  I n  t h e  c l i m a t e  e n d  a n d  l o n g e r  r a n g e  o r  s t i l l  o n  t h e  

s h o r t e r  r a n g e ?

I  t h i n k  y o u  c a n  s a f e l y  s a y  t h a t  v o n  N e u m a n n ' s  d i v i s i o n  o f  t h e  p r o b l e m  i s  n o t  

t u r n i n g  o u t  t o  b e  c o r r e c t .  Y o u  r e m e m b e r  h e  s a i d  t h e  e a s i e s t  t h i n g  t o  m a k e  w i l l  

b e  a  s h o r t - p e r i o d  f o r e c a s t ,  t h e  n e x t  e a s i e s t  t h i n g  w i l l  b e  t o  m a k e  t h e  s t e a d y -  

s t a t e  e q u i l i b r i u m ,  a n d  t h e  m o s t  d i f f i c u l t  w i l l  b e  t o  m a k e  a  m e d i u m - r a n g e  

f o r e c a s t ?  I  t h i n k  w h a t  w e  s e e m  t o  b e  f i n d i n g  o u t  i s  t h a t  t h e  q u e s t i o n s  w e  w a n t  

t o  k n o w  a b o u t  t h e  f i n a l  s t e a d y - s t a t e ,  t h e  r e a l  c l i m a t e ,  r e q u i r e  i n f o r m a t i o n  t h a t  

w e  c a n  o n l y  o b t a i n  c o n f i d e n t l y  b y  t r y i n g  t o  e x t e n d  t h e  m e d i u m - r a n g e  f o r e c a s t .  

T h a t  t h e  t e s t  f o r  g e n e r a l  c i r c u l a t i o n  m o d e l s  w i l l  r e l y  v e r y  m u c h  o n . . . . w i l l  

c o n t a i n  a  v e r y  l a r g e  e l e m e n t  o f  t e s t i n g  i t s  f o r e c a s t  s k i l l  i n  t h e  i n t e r m e d i a t e  

m e d i u m - r a n g e .  T h e  M i y a k o d a  a p p r o a c h  s u p p l e m e n t i n g  s o  t o  s p e a k  S a s a k i ' s  

a p p r o a c h - - n o t  S a s a k i ' s  b u t  M a n a b e ' s  a p p r o a c h ,  a t  P r i n c e t o n :  o p e r a t i o n a l
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m e d i u m - r a n g e  m o d e l s  b e i n g  t h e  s t a n d a r d  a g a i n s t  w h i c h  t h e  c l i m a t e  m o d e l s  

h a v e  t o  j u s t i f y  t h e m s e l v e s .  B e c a u s e  s o m e  o f  t h e  q u e s t i o n s  t h a t  y o u  h a v e  t o  

a n s w e r  a r e  r e a l l y  v e r y  d i f f i c u l t .  L i k e  t h e  i n c r e a s e  i n  C O 2 ;  w h a t  i s  t h e  e f f e c t  o n  

t h e  c l o u d s ?  T h e  c l o u d s  a r e  a  v e r y  i m p o r t a n t  p a r t  o f  t h e  t h e r m o - r e g u l a t o r y  

m e c h a n i s m  o f  t h e  a t m o s p h e r e .  P e r h a p s  e v e n  m o r e  t h a n  C O 2  i t s e l f .  D e f i n i t e l y  

s o  b e c a u s e  C O 2  i s  i m p o r t a n t  o n l y  w h e r e  i t  s n e a k s  i n  b e t w e e n  t h e  g a p s  i n  t h e  

w a t e r  v a p o r  s p e c t r u m  a n d  t h e  c l e a r  g a p s  b e t w e e n  t h e  c l o u d s .  I  s o r t  o f  a r g u e  

t h a t  t h e r e  h a s  t o  c o n t i n u e  t o  b e  a  h e a l t h y ,  a  s t r o n g  e x c h a n g e  o f  i d e a s  a n d  

m e t h o d s  b e t w e e n  o p e r a t i o n  p r e d i c t i o n s  a t  t h e  e x t e n d e d  r a n g e  a n d  c l i m a t e  

m o d e l s .  A n d  y o u  m i g h t  e x t e n d  t h a t  p r i n c i p l e  t o  s a y  t h a t  t o  s o m e  e x t e n t  t h e  

s a m e  t h i n g  m u s t  b e  t r u e  b e t w e e n  t h e  e x t e n d e d  r a n g e  m o d e l  a n d  t h e  s h o r t e r -  

r a n g e  m o d e l .  W h e n  i t  c o m e s  t o  q u e s t i o n s  i n  m o d e l l i n g  c o n v e c t i v e  

p r e c i p i t a t i o n  m o d e l  o n  t h e  s h o r t - r a n g e  f o r e c a s t ,  y o u  c a n  s t u d y  p r o c e s s e s  o v e r  

t h e  r e g i o n  w h e r e  y o u  h a v e  g o o d  d a t a  w i t h  t h e  s h o r t - r a n g e  m o d e l .  B u t  w h e r e  

y o u  t r y  t o  m a k e  a  l o n g e r - r a n g e  f o r e c a s t  y o u  a r e  g o i n g  t o  b e  h a n d i c a p p e d  b y  

i n f l u e n c e s  —  r e g i o n s  w i t h  l e s s  d a t a  a n d  o b s c u r e  t h e  r e s u l t s  o f  m o d e l  e f f e c t s  o r  

d e f e c t s .  S o  t h a t  y o u  a r e  l i k e  . . . t o  t e s t  t h e  a b i l i t y  o f  a  m o d e l  t o  g e n e r a t e  a n d  

f o r e c a s t  t h e  m e s o s c a l e  c o n v e c t i v e  c o m p l e x  -  n o t  a  h u r r i c a n e  ( w h i c h  i s  a  

c o m p l e t e l y  d i f f e r e n t  p h e n o m e n o n )  b u t  a  c o n v e c t i v e  ? s t o r m .  Y o u 'd  l i k e  t o  b e  

a b l e  t o  d o  t h a t  a n d  i n c l u d e  t h a t  i n  t h e  l o n g - r a n g e  f o r e c a s t  m o d e l  b e c a u s e ,  f o r  

e x a m p l e ,  i n  t h e  c e n t r a l  U n i t e d  S t a t e s  m o s t  o f  t h e  s u m m e r  r a i n  o c c u r s  i n  t h o s e  

s y s t e m s  a n d  y o u 'd  l i k e  t o  b e  a b l e  t o  p r e d i c t  t h a t  m o r e  t h a n  a  d a y  a h e a d  o f  t i m e  

o r  m o r e  t h a n  t w e l v e  h o u r s  a h e a d  o f  t i m e .  T h e r e ' s  t h i s  e x c h a n g e  b e t w e e n  t h e  

f o r e c a s t  t i m e  s c a l e s  t h a t  I  b e l i e v e  t h r o w s  v o n  N e u m a n n ' s  c o n c e p t  c o m p l e t e l y  

o u t  o f  t h e  p i c t u r e .

W o u l d  y o u  l i k e  t o  p u s h  t h a t  i d e a  s o  f a r  t h a t  y o u  w o u l d  s a y  t h a t  t h e  m o d e l s  

h a v e  t o  b e  i n v o l v e d  t o o  i n  t h e  i n t e r p r e t a t i o n  a n d  s y n t h e s i s  o f  t h e  o b s e r v a t i o n ?  

P a r t i c u l a r l y  t h e  r e m o t e l y - s e n s e d  d a t a .

W h y ,  I  s u p p o s e  s o ,  y e s ,  y e s .  T h e  t e c h n i c a l  q u e s t i o n s  o f  h o w  y o u  d o  t h a t  a r e  a  

m a t t e r  w h e r e  y o u 'd  w a n t  t o  e x p l o r e  d i f f e r e n t  a p p r o a c h e s  b e c a u s e  i t ' s  p r o b a b l y  

n o t  s o m e t h i n g  t h a t  y o u  c a n  d e s i g n  a h e a d  o f  t i m e  w i t h  t h e o r e t i c a l  c e r t a i n t y - -  

e x p l o r e  d i f f e r e n t  p o s s i b i l i t i e s .  W h a t  m a y  w o r k  i n  o n e  s y s t e m  m a y  n o t  b e  t h e  

a p p r o a c h  t h a t  w o r k s  b e s t  w i t h  a  d i f f e r e n t  t y p e  o f  o b s e r v i n g  s y s t e m  o r  d i f f e r e n t  

l o c a t i o n .  B u t  t h a t ' s  a  r a t h e r  p l a t i t u d i n o u s  s t a t e m e n t  s o  I .......

T h e r e  i s  c e r t a i n l y  a  p u s h  o n  n o w a d a y s  t o  t r y  t o  i n v o l v e  t h e  s i m u l a t i n g  m o d e l s  

v e r y  c l o s e l y  i n  t h e  i n t e r p r e t a t i o n  o f  r a d i a n c e s ,  f o r  e x a m p l e ,  f o r  s o u n d i n g  

p u r p o s e s .

A n d  t h e r e  a r e  d a n g e r s  i n  t h a t .  T h e  p e o p l e  d o i n g  i t  I  t h i n k  a r e  a w a r e  o f  t h o s e  

d a n g e r s .
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S o  l e t ' s  t a l k  a b o u t  t h e  m o n o g r a p h  t h e n  w h i c h  h a s  t w o  p u r p o s e s  a s  I  u n d e r s t a n d  

i t .  O n e  i s  t o  h a m m e r  h o m e  t h e  m e s s a g e  t h a t  t h e r e ' s  a  r e a l  p r o b l e m  s t i l l  w i t h  

t h e  a c c u r a c y  o f  o u r  i n i t i a l  d a t a  f o r  f o r e c a s t  p u r p o s e s  o v e r  t h e . . .

M a n y  p o r t i o n s  o f  t h e  e a r t h .

M a n y  p o r t i o n s  o f  t h e  e a r t h .  T h a t  I  t h i n k  i s  p r o b a b l y  o n e  o f  i t s  p r i m a r y  

p u r p o s e s .  T h e  o t h e r  a s p e c t  o f  i t  s e e m s  t o  b e  a n  a t t e m p t  t o  e x p l a i n  w h y  

f o r e c a s t i n g  i n  m i d - l a t i t u d e s  i s  p o s s i b l e  a t  a l l .

Y e s .  I  w a s  r e c o g n i z i n g . . !  t h i n k  I  h a d  h a d  s o m e  i d e a  o f  t h a t  w a y  o f  l o o k i n g  a t  

m a t t e r s  f o r  m a n y  y e a r s .  O f  j u s t  g r a d u a l l y  b e c o m i n g  m o r e  a n d  m o r e  a w a r e  o f  

i t ,  t h a t  w e ' r e  l u c k y .  A s  i t ' s  s p e l l e d  o u t  i n  t h e  m o n o g r a p h  i t ' s  d o n e  i n  a  r a t h e r  

d i d a c t i c  o r  s o c r a t i c  m e t h o d  I  d o n ' t  k n o w  w h a t  t h e . . .  o r  n o ,  d i a l e c t i c  m a n n e r .

T h e  m a i n  i d e a  i s  t h a t  t h e  a t m o s p h e r e  i s  n i c e  e n o u g h  t o  u s  t h a t  i t  p r e v e n t s  o r  

m i n i m i z e s  t h e  l a t i t u d i n a l  s p r e a d  o f  i n f l u e n c e s .  T h i s  i s  w h a t  m a d e  C h a r n e y ' s ,  

F j 0r t o f t ' s  a n d  v o n  N e u m a n n ' s  f i r s t  f o r e c a s t s  r e a l l y  p o s s i b l e .  E r t e l  h a d  t a c k l e d  

t h e  q u e s t i o n  i n  1 9 4 0  o r  '4 1  o r  s o ,  a c t u a l l y  b e f o r e  C h a r n e y  g o t  o n  t h e  s c e n e ,  a n d  

c o n c l u d e d  t h a t  y o u  w o u l d  h a v e  t o  c o n s i d e r  t h e  w h o l e  e a r t h  b e c a u s e  o f  t h e  

L a p l a c i a n  t u r n  i n  t h e  v o r t i c i t y  e q u a t i o n .  C h a r n e y  i n  h i s  p a p e r  s a i d  w e l l ,  n o ,  t h e  

g r o u p  v e l o c i t y .  B u t  t h e n  h e  i g n o r e d  r e a l l y  s o m e  o f  t h e  l i t e r a l  c o n s e q u e n c e s  o f  

f o l l o w i n g  t h e  g r o u p  v e l o c i t y  a r g u m e n t s  a n d  i m p l i c i t l y  c o n s i d e r e d  o n l y  

s y n o p t i c  s c a l e  d i s t u r b a n c e s  w h o s e  g r o u p  v e l o c i t y  i s  n o t  a s  l a r g e  a s  t h e  m o r e  

p l a n e t a r y  s c a l e  d i s t u r b a n c e s .

W a s h i n g t o n :  I  w o n d e r e d  i f  y o u  c o u l d  m e n t i o n  i f  K i b e l  h a d  a n y  i n k l i n g  o f  t h i s ?

P h i l l i p s :  I 'm  n o t  f a m i l i a r  w i t h  v e r y  m u c h  o f  K i b e l ' s  w o r k .  I  d o n ' t  r e c a l l  s e e i n g  a n y t h i n g

i n  h i s  b o o k  o n  n u m e r i c a l  w e a t h e r  p r e d i c t i o n - - t h a t  w a s  n e w  t o  m e .  H e  m a y  

h a v e .  I t  w a s  o n l y  r e c e n t l y  t h a t  I  c a m e  a c r o s s  t h e  p a p e r s  b y  E r t e l  w h i c h  -  m u s t  

w e  s t o p  n o w ?

H o l l i n g s w o r t h :  I  t h i n k  s o .

END OF TAPE 3, SIDE 2
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TAPE 4, SIDE 1
Interview with Norman Phillips

AMS-TRIP: Phillips

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

Hollingsworth:

E r t e l  h a d  v i s i t e d  R o s s b y  a t  M I T  s o m e t i m e  i n  t h e  l a t e  t h i r t i e s ,  b u t  t h e r e  i s  n o  

r e c o r d  o f  t h i s  a t  M I T .  T h e  p a p e r s  h e  p u b l i s h e d  i n  1 9 4 0  a n d  1 9 4 1 ,  a f t e r  t h e  w a r  

h a d  s t a r t e d  i n  E u r o p e ,  s h o w e d  t h a t  h e  w a s  a w a r e  o f  R o s s b y ' s  f o r m u l a  w h i c h  

w a s  p u b l i s h e d  i n  l a t e  1 9 3 9 .  R e a d i n g  b e t w e e n  t h e  l i n e s ,  o n e  c a n  s e e ,  I  t h i n k  

y o u  c a n  s e e ,  t h a t  w h a t  E r t e l  d i d  w a s  t o  d e r i v e  a  b a r o t r o p i c  m o d e l  b y  r e a s o n i n g  

s o m e w h a t  s i m i l a r  t o  w h a t  C h a r n e y  l a t e r  u s e d ,  b u t  n o t  a s  c l e v e r  b y  f a r  a n d  w i t h  

t h e  s o l e  o b j e c t ,  I  t h i n k ,  o f  d u p l i c a t i n g  w h a t  R o s s b y  d i d  i n t u i t i v e l y .  T h e r e  a r e  

m a n y  p a r t s  o f  t h e  l i t e r a t u r e  t h a t  n o n e  o f  u s  a r e  f a m i l i a r  w i t h  a n d  i t  i s  v e r y  

d i f f i c u l t  t o  g e t  a  t r u e  p i c t u r e  o f  t h e  p r o g r e s s i o n  o f  m e t e o r o l o g i c a l  t h o u g h t  a n d  

w h e n  s o m e t h i n g  i s  f o r g o t t e n ,  l i k e  J e f f r e y s ' s  1 9 1 9  p a p e r ,  i t  m i g h t  a s  w e l l  n o t  

h a v e  b e e n  w r i t t e n .

T h e  p h r a s e  S h a w  u s e d  a b o u t  R i c h a r d s o n ' s  b o o k  "The Soliloquy On The 
Scientific Stage."

I 'd  n e v e r  h e a r d  t h a t  b e f o r e .

H o w  l o n g  h a v e  y o u  b e e n  t h i n k i n g  a b o u t  t h e s e  i d e a s  t h a t  y o u  p u t  f o r t h  i n  t h e  

m o n o g r a p h ?

O h ,  o f f  a n d  o n  s i n c e  t h e  e a r l y  s i x t i e s .  W e  k n e w  a b o u t  g r o u p  v e l o c i t y  f r o m  o u r  

s t u d e n t  d a y s  i n  C h i c a g o .  R o s s b y  w r o t e  h i s  o w n  p a p e r  o n  g r o u p  v e l o c i t y  i n  

1 9 4 5  a n d  w e  c e r t a i n l y  r e a d  t h a t  a s  T .  C .  Y e h ,  a  s t u d e n t ,  e x p l o i t e d  i n  a  o n e ­

d i m e n s i o n a l  b a r o t r o p i c  m o d e l .  E c k h a r t  c o m e s  a l o n g  i n  1 9 6 0  a n d  p o i n t s  o u t  

h o w  g r a v i t y  a n d  s o u n d w a v e s  c a n  m o v e .  O f  c o u r s e  C h a r n e y  h a d  u s e d  g r o u p  

v e l o c i t y  i n  h i s  1 9 4 9  p a p e r .  D i c k i n s o n  d i d  a  t h e s i s  o n  w h a t  h e  c a l l e d  

p r o p a g a t o r s ,  r a y s ,  i n  t h e  l a t e  s i x t i e s .  A l l  t h e s e  i m p u l s e s  f r o m  o u t s i d e  t e n d  t o  

m a k e  o n e  b e w a r e  o f  t h e s e  a s p e c t s  o f  t h e  a t m o s p h e r e .  T h e  t h e s i s  t h a t  M a n k i n  

M a k  d i d  m a y  b e  o n e  o f  t h e  e a r l i e r  s t u d i e s  -  q u a n t i t a t i v e  s t u d i e s  -  o n  l a t i t u d i n a l  

p r o p a g a t i o n .  T h a t  w a s  a r o u n d  1 9 6 8 ,  1 9 6 9  o r  1 9 7 0 .

S o m e w h e r e  i n  t h e r e .  W h a t  k i c k e d  i t  o f f  a f r e s h ?  W a s  i t  t h e  w o r k  o f  W a l l a c e  

a n d  K u t z l e r ?

W a l l a c e ' s  i d e a s  o f  t h e  e m p i r i c a l  n a t u r e  o f  t h e  c e n t e r s  o f  a c t i o n  -  c o r r e l a t i o n  

c e n t e r s ,  a n d  t h e n  t h e  w o r k  b y  H o s k i n s ,  a n d  t h e  m a n  f r o m  A u s t r a l i a . . . .

Karoly.
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AMS-TRIP: Phillips

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

Phillips:

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

T h e y ' r e  m o d i f y i n g  s o m e  o f  t h e i r  t h i n k i n g  o n  t h e s e  i d e a s  n o w  b e c a u s e  o f  t h e  

f a c t  t h a t  t h e  e f f e c t  o f  v o r t i c i t y  s o u r c e s  a s  t h e y  d e s c r i b e  i t ,  o f  a  h e a t i n g  r e g i o n ,  

i n v o l v e s  t h e  a d v e c t i o n  o f  v o r t i c i t y  b y  t h e  d i v e r g e n t  c o m p o n e n t  o f  t h e  f l o w  

w h i c h  c h a n g e s  t h e  w a y  i n  w h i c h  t h e  I n d o n e s i a n  h e a t i n g  c a n  a f f e c t  t h e  m a i n  j e t  

i n  t h e  P a c i f i c  s o  t h a t  t h e y ' r e  c o m i n g  u p  w i t h  a  m u c h  m o r e  c o m p l i c a t e d  p i c t u r e  

o f  h o w  t r o p i c s  a n d  e x t r a t r o p i c s  i n t e r a c t  n o w a d a y s  t h a n  i n  t h a t  p a p e r  b y  K a r o l y  

a n d  H o s k i n s .

T h i s  m a y  b e  l i k e  y o u  w e r e  t a l k i n g  a b o u t  i n  t h e  c a r  w i t h  m e  y e s t e r d a y  o n  t h e  

w a y  h e r e ,  w h e r e  y o u r  w o r k  i s  i n ?

U h  h u h .

T h a t ' s  a n  i n t e r e s t i n g  q u e s t i o n .  I t  t u r n s  o u t ,  a s  y o u  m a y  r e m e m b e r  f r o m  t h a t  

m o n o g r a p h ,  t h a t  y o u  c a n  c o m p u t e  a  t w o - d i m e n s i o n a l  b a r o t r o p i c  i n f l u e n c e  

f u n c t i o n .  B u t  i n  a d d i t i o n  t o  a  p o i n t  i n  m i d d l e  l a t i t u d e ,  i n  a d d i t i o n  t o  t h e  

o b v i o u s  u p s t r e a m  p o i n t ,  t h e r e  i s  a  f a v o r e d  l o c a t i o n  t o  t h e  s o u t h w e s t  w h e r e  

w a v e s  c a n  o r i g i n a t e  t h a t  w i l l  r e a c h  t h e i r  t u r n i n g  p o i n t  a t  y o u r  l o c a t i o n  a t  a  

h i g h e r  l a t i t u d e  w i t h  a  m a g n i f i e d  i n f l u e n c e .

T h e r e  a r e  s o m e  v e r y  i n t e r e s t i n g  a s p e c t s  o f  t h a t  r e s u l t  o f  y o u r s  w h i c h  i s  c o m i n g  

o u t  f r o m  r e l a t e d  w o r k  b u t  i n  a  r a t h e r  d i f f e r e n t  f l a v o r  w h e r e  p e o p l e  a r e  d o i n g ,  i f  

y o u  l i k e ,  s e n s i t i v i t y  s t u d i e s .  T h e y ' r e  l o o k i n g  a t  t h e  e v o l u t i o n  o f  t h e  f l o w  i n  t h e  

s h o r t - t e r m  a n d  t h e n  l o o k i n g  a t  t r y i n g  t o  e s t i m a t e  w h a t  p e r t u r b a t i o n s  t o  t h a t  

f l o w  w i l l  g r o w  m o s t  r a p i d l y .  H a r l o w  h a s  b e e n  l o o k i n g  a t  t h a t ,  a n d  T a l a g r a n d  

h a s  b e e n  l o o k i n g  a t  i t ,  J o e  T r i b b i a  h e r e  h a s  b e e n  l o o k i n g  a t  i t ,  a n d  M o l t e n i  a n d  

P a l m e r  a t  o u r  p l a c e .  W h a t  t h e y  d o  i s  t h e y  r u n  a  m o d e l  f o r w a r d ,  l i n e a r i z e  a b o u t  

t h e  t r a j e c t o r y  w h i c h  i t  h a s  t a k e n  a n d  t h e n  t h e y  s h o w  t h a t  i f  y o u  l o o k  f o r  t h e  

e i g e n -  v a l u e s  o f  t h e  r e s u l t a n t  o p e r a t o r  w h i c h  i s  t h e  f o r w a r d  m o d e l  R ,  

m u l t i p l i e d  w i t h  i t s  a d j o i n t  o r  c o m i n g  b a c k  t h e  o t h e r  d i r e c t i o n ,  t h e  e i g e n -  v a l u e s  

o f  t h a t  a r e  t h e  p e r t u r b a t i o n s  t o  w h i c h  t h e  i n i t i a l  s t a t e  i s  m o s t  s e n s i t i v e .  I n  

m a n y  o f  t h e s e  c a l c u l a t i o n s .........

W h y  s h o u l d  t h a t  b e ?

W e l l .....

A l l  o f  t h e  e i g e n  f u n c t i o n s . . . .

T h e  e i g e n  f u n c t i o n s  a r e  o r d e r e d  a n d  y o u  p i c k ,  y o u  c a n  a s s i g n  t h e m .......

Karoly.
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AMS-TRIP: Phillips

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

Phillips:

P h i l l i p s :

K a s a h a r a :

H o l l i n g s w o r t h :

P h i l l i p s :

H o l l i n g s w o r t h :

K a s a h a r a :

P h i l l i p s :

I t ' s  e a s y  t o  p i c k  o u t  t h e  o n e s  w h i c h  a r e  t h e  m o s t  l i k e l y  t o  g r o w  a n d  w h i c h  w i l l  

e x c i t e  t h e  m o s t  r a p i d  c h a n g e s  i n  t h e  f l o w .  I n  m a n y  o f  t h e s e  c a l c u l a t i o n s  w h i c h  

a r e  d o n e  s o  f a r  o n  w a v y  f l o w s ,  t h e y  f i n d  s t r u c t u r e s  w h i c h  a r e  h i g h l y  s t r u c t u r e d  

a n d  h a v e  s t r u c t u r e s  v e r y  s i m i l a r  t o  t h e  s t r u c t u r e s  y o u  f o u n d  i n  y o u r  s e n s i t i v i t y  

s t u d y .  O n  t h e  s o u t h  s i d e ,  o n  t h e  s o u t h e r n  f l a n k ,  o f  t h e  s t r o n g e s t  j e t s .

I 'm  g o i n g  t o  b e  s c o o p e d  h e r e !  I  d o n ' t  k n o w  w h y  i t  h a s  t a k e n  s o  l o n g  t o  p r i n t  

t h a t  t h i n g !

I  w a s  h o p i n g  t h a t  I  m i g h t  h a v e  b e e n  a b l e  t o  b r i n g  w i t h  m e  s o m e  c a l c u l a t i o n s  

t h a t  h a v e  b e e n  d o n e  o n  a  z o n a l  f l o w ,  b u t  t h e y  d i d n ' t  g e t  t h e  c a l c u l a t i o n s  d o n e  

i n  t i m e .

T h i s  i s  a n  e x t e n s i o n  o f  t h e  t h i n g s  t h a t  H o s k i n s  a n d  P a l m e r  d i d  w i t h  t h e  

h y p o t h e t i c a l  p e r t u r b a t i o n  i n  a  d i s t u r b a n c e  i n  a  z o n a l  f l o w  t h a t  c r e a t e d  

a m p l i f i c a t i o n .....

S i m m o n s .  I f  y o u ' d  l i k e  a  f o l l o w - u p  t o  t h a t ,  t h e r e  i s  i n d e e d  s t r o n g  s i m i l a r i t i e s  

b e t w e e n  r e s u l t s  y o u ' r e  f i n d i n g  a s  t o  w h e r e  t h e  e r o g e n o u s  z o n e s  a r e  a n d  w e ' r e  

h o p i n g  t o  e x p l o i t  t h a t  f o r  s t u d i e s  o f  p r e d i c t a b i l i t y .  S o  t h a t  i s  i n d e e d  o n e  

i n t e r e s t i n g  a s p e c t  o f  i t  w h i c h  I  t h i n k  i s  g o i n g  t o  b e  f o l l o w e d  u p  q u i t e  a c t i v e l y  

o v e r  t h e  n e x t  c o u p l e  o f  y e a r s .  S o  I  w o u l d  u r g e  y o u  t o  g e t  i t  o u t  q u i c k .  J u s t  f o r  

y o u r  o w n  i n t e r e s t ,  t h e r e  w a s  o n e  s m a l l  i t e m .......

D i d  I  s e n d  y o u  a  c o p y  o f  t h a t ?  Y e s .

I  g u e s s  y o u  h a v e  s e e n  t h e  d r a f t .

Y e s ,  I ' v e  g o t  a  c o p y  o f  i t .

I t ' s  f e a r f u l l y  o u t - o f - d a t e ,  I  t h i n k ,  o n  R o s s b y  w a v e  c r i t i c a l  p o i n t s .  I 'm  p r e p a r e d  

t o  t a k e  t h e  h e a t  f o r  t h a t  s i n c e  t h a t  s u b j e c t  h a s  g o t t e n  v e r y  a b s t r a c t  a n d  h a r d  t o  

f o l l o w .

O . K .  I  t h i n k  t h a t  i s  a b o u t  a l l  t h e  q u e s t i o n s  t h a t  I  h a v e .  I t  b r o u g h t  u s  m o r e  o r  

l e s s  u p  t o  d a t e  o n  y o u r  s c i e n t i f i c  w o r k .  S o  I  t h i n k  I  s h a l l  b o w  o u t  a t  t h i s  s t a g e  

a n d  h a n d  i t  o v e r  t o .......

W h a t  w o u l d  y o u  l i k e  t o  d o  i n  t h e  f u t u r e ?

W h a t  w o u l d  I  l i k e  t o  d o  i n  t h e  f u t u r e ?  M a r t h a  a n d  I  a r e  l o o k i n g  f o r w a r d  t o  h e r

It's easy to pick out the ones.....
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AMS-TRIP: Phillips

P h i l l i p s :

Kasahara:

K a s a h a r a :

P h i l l i p s :

K a s a h a r a :

P h i l l i p s :

W a s h i n g t o n :

P h i l l i p s :

W a s h i n g t o n :

P h i l l i p s :

W a s h i n g t o n :

Phillips:

r e c o v e r y  s o  w e  c a n  t r a v e l  a b o u t  a  b i t .  I  t h i n k  I  c a n  l i v e  w i t h o u t  m e t e o r o l o g y ,  

b u t  I 'm  n o t  s u r e .

D o  y o u  h a v e  a n y  o t h e r  h o b b i e s ?

Y e s ,  I  p l a y  t h e  h o r n .  I t  w a s  a  h a p p y  s i t u a t i o n  i n  W a s h i n g t o n  b e c a u s e  t h e r e  a r e  

h i g h - q u a l i t y  p r o f e s s i o n a l  o r c h e s t r a s  t h e r e  a n d  s o  t h e  a m a t e u r  o r c h e s t r a s  a r e  

d e f i n i t e l y  l o w e r - l e v e l  a n d  t h e r e  w e r e  p l e n t y  o f  t h e m  f o r  m e  t o  g e t  i n t o .  B u t  

w h e r e  I  l i v e  n o w  i n  N e w  H a m p s h i r e ,  t h e  p r o f e s s i o n a l  o r c h e s t r a s  a r e  s o m e w h a t  

l o w e r - l e v e l  a n d  t h e r e  a r e  n o t  l a r g e  n u m b e r s  o f  a m a t e u r  o r c h e s t r a s  t h a t  a r e  t h e r e  

t h a t  w e r e  a v a i l a b l e  i n  W a s h i n g t o n .  B u t  t h a t ' s  p o s s i b l e  t o .......

S o  y o u 'd  l i k e  t o  p u r s u e  v i g o r o u s l y  o n  t h a t ?

O h  y e s .

S o  w h a t  e l s e  i s  i t  t h a t  y o u 'd  l i k e  t o . . . .

I  d o n ' t  k n o w .  I  g o  i n t o  M I T  o c c a s i o n a l l y .  T h e y 'v e  b e e n  v e r y  g r a c i o u s  i n  

p r o v i d i n g  a  d e s k  t h a t  I  c a n  u s e  -  s h a r e  w i t h  s o m e o n e  e l s e .  I t ' s  n o t  t o o  d i f f i c u l t  

t o  t r a v e l  b a c k  a n d  f o r t h  -  t h e r e ' s  b u s  s e r v i c e .  H o w  m u c h  I ' l l  e x p l o i t  t h a t  

r e m a i n s  t o  b e  s e e n .  N M C  w o u l d  l i k e  m e  t o  c o m e  a n d  v i s i t  t h e m  o c c a s i o n a l l y ,  

b u t  I ' v e  b e e n  u n a b l e  t o .  L a s t  f a l l  a n d  w i n t e r  I  s p e n t  w r i t i n g  t h i s - - r e a d i n g  a n d  

d o i n g  l i t e r a t u r e  s t u d i e s - - f o r  t h i s  p a p e r  o n  t h e  e m e r g e n c e  o f  q u a s i - g e o s t r o p h i c  

t h e o r y  t h a t  I ' l l  b e  g i v i n g  a t  a  s e m i n a r  t h i s  a f t e r n o o n .  T h a t  r e q u i r e d  a  l o t  o f  t i m e  

a n d  I  t o o k  a d v a n t a g e  t h e r e  o f  t h e  l i b r a r y  t h a t  J u l e  h a d  s e t  u p  a n d  w h i c h  i s  s t i l l  

b e i n g  m a i n t a i n e d .  A  l o t  o f  t h i s  o l d  l i t e r a t u r e ,  i t  t u r n e d  o u t ,  w a s  a v a i l a b l e  i n  h i s  

l i b r a r y .  S o  I 'm  r e a l l y  q u i t e  h a p p y .

W e l l ,  I  g u e s s  y o u  h a v e  a n  o p e n  i n v i t a t i o n  t o  c o m e  v i s i t  u s  s o m e  t i m e .

W h y ,  t h a n k  y o u .  T h a t ' s  o n e  t h i n g  a b o u t  m e t e o r o l o g y .  I t ' s  b e e n  v e r y  r e w a r d i n g  

t o  b e  i n v o l v e d  i n  m e t e o r o l o g y  b u t  a l s o  i t  h a s  b e e n  s o  m u c h  f u n  t o  m e e t  t h e  

p e o p l e  i n  m e t e o r o l o g y .  W i t h o u t  e x c e p t i o n ,  I  t h i n k  I  c a n  s a y  t h a t  e v e r y o n e  I  

m e t  w a s  a  d e l i g h t .

A n y  o t h e r  f i n a l  w o r d s ?

N o .

W e l l ,  I  t h i n k . . . .

Keep up the good work!
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Washington:

I 'm  f l a t t e r e d  b y  i t .  T h a n k  y o u  f o r  s e t t i n g  i t  u p  a n d  I  t h i n k  y o u ' r e  d o i n g  a  v e r y  

g o o d  s e r v i c e  t o  f u t u r e  g e n e r a t i o n s ,  t o  r e c o r d  t h e s e  t h i n g s .  I  u r g e  y o u  e s p e c i a l l y  

t o  g e t  h o l d  o f  s o m e  o f  t h e  o l d e r  p e o p l e  l i k e  H o r a c e  B y e r s  a n d  m a y b e  T o m  

M a l o n e ,  s o  f o r t h .  B o b  F l e a g l e ,  f o r  e x a m p l e .

T h a n k  y o u .

I think all of us thank you very much for taking part in this interview.

END OF INTERVIEW
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