SOLE RELATIONShIIS BETWEEN FIVE-DAY MEAN
SURFACE sAPS_AND THEIR COMNPCNENT DAILY MAPS

C. B. Johnson

Exterided foreoessts prerared-by the Five-Day Forecast Section of the
United States Weather Buresv are hased in large nart on five-day mean
surface and three-kilometer oharts. The physicel eand strtistical besis,
for sch forecasting procedvre hes heen discussed in several reports.(li
<ore recently the forecsst irocedure has “een adepted to forecasting

the day by dey sequence of weather over North fmerisa and adjecent
ocennsy

This adaptatiorn has led to the rovtin: prevarstion of & seriss ot “aily
proynostiec charts coverine the entire foregest pericd. The purnuvse of
these wops is to interpret the meun foreeast in terms of a time seqrence
and thvs indicete the time of occurrence of the werther chenges exvected
dvring the veriod govered by the forecest. dix daily mros are construct-
ed, the last five of which comprise the five~cry mee .

The first man of the series is a twenty-four\hour forecest and is made
erniefly by using methocs commonly nracticed, ulthovgh meen trends and
civerlation indioes are also corsidered in tris twenty-fou. hour prog-
nosis. This twenty-{our hour forecrst is oconsiderecd “y the wmean fore-
cester in prepi ring his mekyn forcorst.

The next five meps interpret the foreor st mean charts at sea level and
10,000 foet on & duily mesis in & consistent and lopical develonment ,
,from the first day forecmst. Tho tomperature and precipit:tion anomalies
as forectst by.the mean forocaster are alsc used to indicrte the air
misses expected and the iutensity and peths of storms.
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(1) Wwillett, F. C., and others, "ierort on an Experivent in Five-Day
weather Forecesting,”" Nossachusetts Institute of Technologv,
Cawbri. ge, Massachusetts, 1040,

Wwillett, H.. C., #nd others, "Raport'of the Five-Day Forecesting
Procedure, Vorification and .esesrch ns Conducted betwesr July 1040
and Augvst 1941," lassuchusetts Institute of Technologw, Cambridge,
Mmungseohusetts, 1941,
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Certain concepts in addition to those just mentioned are used in the
preparation of the daily maps. First, the correlation hetween an
‘observed mesn surface mop t&nd each of the ten twice dsily meps compc
ing the meen show thet the middle maps hear the greatest resemhlence
the mean map. Second, different circuvlation index values, to some ¢
tent. determine the intensity snd movements of cyclones and anticye
The first of these oconcepts is considered My plscing ell principal
centers on the middle duily map of the period in the position indict
by the centers on the forccast meun chert, thus srranging the presst
pattern to fit roughly the meusn picture. The second is used to ind!
the speed of centers and tyne of wesnther development expected in vei
areas, particularly when the indices tre considered scctionelly. F¢
exemple, o low sesterly index indicetes the relatively rupid eustwul
motion of systems st low latitudes.

The purpose of this report is to inquire more quantitatively into tl
basis for thess concepts, snd in this manner improve our technigue f
forecasting the duy hy day sequence of woather.

The rclationships investigated were:

1. Compurison betwecn pressure on mean maps with the
pressure in each - -center on the daily meps.

oo
.

Movement end number of duily centers in the five dey
period. , :

3. Position and intensity of centers on the middle doily
mup compared to centers on the mean chirts.

4. Peths of deily centers compercd to mean peths.

These relctionships are considercd with reg rd to the clugssifiention
zone ) indox vealucs indicatcd below,

The dute were obtuined by plotting the duily rositions rnd intensiti
of pressure conters-on corrssponding five-diy moun soi. level chirts.
Prossure differonces were obtecined dircetly from the cherts from the
vi:luos ut the position of the duily centers nnd the meun et the same
locetion. lHovemints of centurs were meesured in degreos of longitud
por doy (et 48°W). ‘

Ten cuscs invelving fall end wintor maps were studicd. Maps with z0
indic=s luss then 2 m/s werc clussified us low; 2 to & m/s modium,
grester thin & m/s high, Theso meps are shown in figures 1 teo 10.
Fronts ure shown for the middle duy of the five day meun.



Teble 1 shows the ocomparison of pressures of the daily centers to the
mean pressures at the seme locetion for different index ranges. The
pressure of the deily lows averaged 8 to 11 millihars less than the mean
pressure; pressure in daily highs eaveraged 4 to 6 millibers higher then
the mean. The deperture from the mean eppears to inorease with increas-
ing index. ‘ ‘

Table T

Comparison of Pressures of Daily Centers to Mean Pressure

Index -Iz < 2 mps IZ = 2-5 mps . ;5 4 5.mps

Daily Lows
(mbs mean) g 10 11

Daily Highs u | ,
(mbs meen) 4 5 6

Zonel speed of highs and lows in degrees of longitude (at 45°N) per
day is given in Table II. Lows moved 9 to 14 degrees per day, the dis=
tance increasing with higher index., Highs moved slower, varying from 7
to 11 degrees per day.

In Table ITI is given the meridional speed of highs and lows in degrees of
latitude, These values represent both north and south movements and are
combined withont regard to sign. Lows showed slightly more meridional
movement then highs. There appesrs to be little or no variation in meri~-
dional speed with change in index for either highs or lows,

Tmblc 11

Zonal Speed of Centers (Degrees per Day st 45°N)

9

B
Lows .9 11 | 14

Zonal Index I, < 2 mps I, = 2-5 mps IE . > 5 mps

Highs 7 ' 8 11



4 .

Table I1I

Meridionel Speed of Centers (Degrees per Day)

Zonal Index Iz <« 2 mps Iz = 2-5 mps Ig > 5 mps
Lows v 3 4 4
Highs 3 2 3

A knowledge of the number of daily systems of highs or lows thet w
comprise a meen center is of considerable importance to the foreca
Tebles IV and V show this number for different ranges of indices.
low indices only one or two daily low systems comprised the mean 1
while sometimes as many as four occurred with high indices. The p
cenbage of the mean lows in each index group comprised of one, two
more deily low pressure systems 1s also given.

Sirilar results are given for high pressure centers. Herc in all
the mean highs are made up of only one or two deily high systems.

percentage of mean highs made up of one duily high system, however
decreases with incressing index.

Table IV

Number of Deily Lows in Mean Lows

I? < 2 mps IZ = 2-5 mﬁs I > 5 nmps

)
&)
N
—
%)
&)
IS

No. of Daily Lows 1 2 1
Percentage of mean

lows sssociated with
one or more lows 62 38 47 41 6 6 45 16 1586 23

Teble V

Number of Taily Iighs in Mean Highs

Te 4 2 mps 1'5 - 2-5 mps I > 5 mps

No. of Deily Highs 1 2 12 1

v

PQrcenta%e of mean
highs with one or more
deily centers 84 16 81 19 58 42



The correspondence of the middle daily mep to the mean is treated in
Te¥le VI, where is listed the percentapge of all centers on the middle
daily map that ocourred within five degrees of the mean centers. About
Tifty per cent of the daily cyclones on the maps of low and medium index
lay within five degrees of the mean low centers but this percentago
value falls to only twenty-two per cent with high index.

The high percentage of daily highs occurring on the middle map that lay
within five degrees of the meen high are explained in part by the in-
clusion of sub-tropical oceanio highs and polar highs. When these are
excluded, much lower values are obtmined but the decremse in percentage
value with rising index is still observed.

Tanle VI

Peroentage of Centers on Middle Daily Mep
Within 6% of Mean Center

I, £ 2 mps Ip = 2-% mps iz > 5 mps
Lows 53 52 e2
Highs 94 4 86
Highs (not in- 80 71 33
cluding Oceanio

or polar)’

Finally, an inspection of the paths of highs and lows with respect to
the mean charts indicetes that very few daily centers depart from the
paths indicmted by mean troughs end ridges, and, in general, follow
the mean centers. Figures 1 to 10 hring out these features,
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