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Key approaches used in the long-range
forecasting system UHMI

* Floating analog method

* Two-month quasi-periodicity of
atmospheric processes

» Etalon fields method



The traditional method of analogue (TAM)
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If synoptic process is observed at
some region of Earth during some
time with analogues , then
current synoptic process by
analogy will develop in past time
In the same place and in the
same calendar dates.

The pressure field 7.10.2001




The pressure field 5.10.2004
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TRADITIONAL ANALOG METOD
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Conclusion:

e Traditional method of analog (TAM) does
not work well and gives the random result
in practice of long-range forecast.



The floating analogue method
(FAM)

Martazinova V.,1986



The method of “floating analogue” (FAM)
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The planetary high-level frontal zone
28.01.09
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Martazinova V.,1986

It requires only geometrical
similarity of the planetary high-level
frontal zone and pressure at surface of
the Earth in the Northern Hemisphere.
As result the limiting conditions of the

coincidence in time and space are lifted.

Criteria’s of analog:

Geometrically distinguish two fields

p:u 12p =1

n

Criterion of mean square distance between
two fields

1 n
UZZ_Z(xzj_xkj)Z n>0
n j=1
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Two-month quasi-periodicity of atmospheric
processes
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Two-month quasi-periodicity of atmospheric processes
in the troposphere of the Northern Hemisphere.
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Autocorrelation function of the geopotential field on the

mean level of the Northern Hemisphere calculated by TAM
and FAM.
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Scheme of the behavior in time of the traditional (TAM)
and floating (FAM) analogues.

TAM
X p=-0.31 N

A(T) / A(Y)

F(t) \ A(t)- similar synoptically process,
Ft N\ F(t) — actual synoptically process
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Seasonal shift of the two-month quasi-periodicity of atmospheric
circulation in the Northern Hemisphere

Month Month - Position of Month Month - Position of
analog analog analog analog
AN A AN Ae@
January | November -5° 5° July May 5°  0°
February | December -10° 5° | August June 10° ©°
March January —5° -5° September | July 5° 5°
April February -5° -10° | October August 0° 10°
May March -5° -5° | November | September 0° 5°
June April 0° —5° December | October -5° 5°
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example

Two-month quasi-periodicity of atmospheric
processes for August 2013
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of August 2013 (TAM
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THE TWO-MONTH QUASI-PERIODICITY THE ATMOSPHERIC
CIRCULATION OVER NORTH HEMISPHERE FOR AUGUST 2013

Thecriterion of geometrically similarity(o) of two fields 500 hPa
day:s Augrusr 201‘3

days June 2013

*This matrix criteria p of geometric similarity between fields of the June and
August on the same territory (no shift in latitude and longitude) reveals the
similarity.

* The diagonal elements of the matrix are high and indicate the existence of the

two-month periodicity for the daily fields of atmospheric circulation in August 2013
over the Northern Hemisphere.

*For a more accuracy definition of similarity to be used "Floating analog”




Calculation of position of analog with the two-month
quasi-periodicity at level 500 mb for August 2013

11.06.2013 12.06.2013 13.06.2013 14.06.2013 15.06.2013
12.08 p(4,1) = 0.714 =0.633 |p(51)=0711 |p(4,2)=0.607
2013 p(4,7)=0.633 =0.624 |p(4,1)=0.657 |p(4,3)=0.597

p (4,2)=0.607 =0.614 |p(4,9)=0.654 |p(4,1)=0.581
13.08 p(4,1)=0.771 p(4,7)=0.673 p(5,2)=0.750 |p(4,8)=0.629
2013 p (4,7)=0.646 p (4,10) = 0.651 p(5,2)=0.688 |p(4,3)=0.613

p (4,10) =0.635 p(4,9)=0.639 <4, 8)=0.671 |p(4,7)=0.592
14.08 p(4,1)=0.752 p(411)=0714 |p(3,11)=0.686 | 44, 6)40.750) | p(4,8)=0.686
2013 p(4,2)=0.714 p(4,12)=0.643 |p(3,10)=0.685 |p (2 .6 p (5,2) =0.667

p (4,12) =0.661 p(3.12)=0.625 |p(4,7) =0.673 | p(3,10)=0. 685 p (4, 3) = 0.647

where p(AA,A@)-the geometrically criterion of similarity of two
AN —analog shift of latitude, A¢@ -analog shift of longitude
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Analogs of 13 June for 13 August 2013 (TAM)
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5
<

NN 3
=N\
'-'l'_‘.h 1-
N \1:5\-i ,
| lj.l
\ 1 i
4 g ey
R
AN - S
O\
Y
=K -
o [
..'.r - 7 "

N/
7 24
|.1_ _
~

L
a
&

1l
{\\g

il

i\

\




Analogs of 13 June for 13 August 2013 (FAM)
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If the pressure fields is written as a matrix P with elements which
correspond to values of pressure in the point j and i of a regular grid of field

of our archive for everydecade: |p. r. - p, - P2 D

—
P Dy .- Doy ... DPiq Dy, ifp, =— D 0
o » J ni y

Pvi Pn2 -+ Pn; -+ Pnni Pnwa

then P=(p1 1 o D sss g pn) is latitude averaged sea-level pressure field.

latitudinal average(40-70N) sea-level pressure field
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Hovmoller diagram of the latitude averaged (40-70n) sea-level pressure fields P
1.06-31.08.2013

sIntegral characteristics of large-
scale atmospheric processes from

day to day shift to the east.

*The large-scale cyclonic and
anticyclonic formation weaken, when
they come in the climate zone with
another sign. When they come into
the zone of the same sign , these
formations appear again .

» The displacement of large-scale
structures in the mid-latitude is the
average of about 6 degrees to the
east for a day.

*After_about two months, all the
formations are returned to about
initial position.

»Seasonal changes in  the
temperature gradient Pole- Equator
and the Land - Ocean after two
months  define  them new
geographical location in  around
initial position.

0 W 160 180 00 20 240 260 20 0 W0 M
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Model of forecast of pressure and temperature fields for Northern hemisphere

on 40-60 days using expansion in spherical harmonics

H,(0,2) = H.(0,A)+H (6+A8,1+AA)

when
H,(6,2) - the seasonal component of forecast from year-analog.

H 1 (0+A0,A+AA) -the weather component of forecast from the two-month
quasi-periodicity of atmospheric processes, A0 and AA
define its seasonal geographical position.

The general equation for forecast in point (4. ) of the grid is

IHZ (0,2) =[agy +(a; cosmA+b; sinmA) B, cos@) +(a, cosnd+AL) +b; sinnd+A1))P, cos@+Ab) +
+ (a2 cosmA +AQ) + b sinfud+ A1) P cos@+ Ad)]+[(a cosmA) +b; sinmA)P' cos@) +
+(a; coSnA+ AA) +b; sinfmA + A1) B, cos@+ A6) + (as COSnA +AA) +
+b; singnA + A2))R cos@) +-+(a; CosgnA + A1) +b; singni+AA))P, cos@+Ab)]+

+ ii(af cos@nA +AL) +b" singnd+A1))P" cos)

n=2 m=2

(V.Martazinova, 2002)




Etalon-fields method
(Martazinova, 1993)

*The synoptic situation of any dangerous meteorological event corresponds to
the ensemble of fields of pressure. It is necessary to classify these fields.
 Each class will have has the probability. In each class the field of the pressure
at sea-level exists which has best similarity with the rest fields of ensemble.

* The field with best similarity from set of class has the complete information
about a class and it is called the field -Etalon of a class.

*Field-Etalon the most informative field on synoptic situation relating
dangerous meteorological events from class. It can be used for recognition of
the dangerous events in forecast

*Field-etalon determines class of the fields of pressure by method of analogs
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LONG-RANGE WEATHER FORECASTING SYSTEM
UHMI

Ghe input data

Fields-etalons of the strong
changes of weather and their
fields-analogues of two-month
quasi-periodicity

/

Calculation of the forecast of
daily pressure fields over the

Daily pressure
fields of last two

months

T~

v

Archive of daily
pressure fields
each month of
last 20 years

two-month quasi-periodicity
analogues on background of
analog-process from archive of
pressure fields of last 20 years
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Recognizing of synoptic situations with
dangerous meteorological events in the
forecast of the daily pressure fields of next
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Conclusions

This report showed :

Floating analog method (Martazinova,1986);
Two-month quasi-periodicity of atmospheric
processes (Martazinova,1986);

Etalon fields method(Martazinova,1998).

Two-month quasi-periodicity of atmospheric
processes defines skill of the long-range
forecast (o >0.75).

Error of the long-range detailed forecast into
month is +/- 2 day.
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The forecast of the anomaly of the mean month temperature

Department of climate research and long-range weather forecast of Ukrainian Hydrometeorological Institute
of National Academy of Sciences of Ukraine, State Hydrometeorological Service of the Ministry of Ukraine of Emergencies
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3a gonomMmoroto noniHomiB YebuiwueBa

Pz(xpyj) =[Apy + 410w W) + Ap Vo) W, A30 050 Wy + ... + Agss(x) Ws(v)]=
= P, (x,y) + B (x;tA@,y+AA) ()

1 1
e Pey) = 20 A (v (), ©

k=0 s=0

-Ce30HHasA cocTaBnsaLLas NPorHo3a- nornnHomsl YebbiweBa nopsaka 0-1 nons
OaBneHns roga-aHanora;

3 2
P (x,y) =P (x+A@,y+AM) = ;Aéswg(xi)ws(y,-) ¥ kZ_(;A,i3l//k(xi)l//3(yj) +

4 3 5
+ ZAjsl//4(xi)ws(yj) + ZA£4W;€(X,~)W4(J/J-) + ZAés'//s(xi)l//s(yj) + (9)
s=0 k=0 s=0

4 6 5
* ZAlid//k(xi)l//S(yj) + ZOAésW6(xi)Ws(yj) + kZC;AIiGWk(xi)WG(yj)
k=0 s§= =

-norogHas coctaBnsiowasi nNporHosa - NonnHoMbl YebbiweBa nopsagka 3-6 nona aOaes

OBYXMeCAYHOW KBasunepuogunyHoctn, A u AA onpenensawT ce3oHHoe cMmelL

reorpaomM4eckoro nonoXXeHnsa gByxmMecsa4yHon KBasmnepunognyiHoCTn atMocdepHbIX npoue
(V.Martazinova,E.lvanova, 2008)



OnpaBabIiBaeMOCTb NMPOrHo3a cpegHen MeCsYHOM TeMnepaTypbl Bo3ayxa
U MeCSAYHOU CYMMbI OCafKoB No Tepputopun YKpauHbl 3a nepuopg 2006-2009*

*47 NpOrHo30B

ONpagALlEaeMOcTE NPOrHOZ 3 Me CAYHOM CyMMEl OC3JKOE
No TeppPrT oK YEEE HH eI
5 -+
S0 =5
i — - 20
1]
= =
- T
2 S
$ 30 — 15 @&
E LT
= 2
o =
a0 - [x]
i =
l:l L} L} L} L} : L} : : : l:l
088 0-18.8 20288 20868 40495  S0S8.5 G085 TO-TES  BO-BHH 8O- 100
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Pe3ynbTaTbl NnporHo3a ocagkoB Ana HuaoepnaHaos 3a nepuopg 2009
roga (12 mecsauen), 2010 (12 mecsiueB), sHBapb-deBpanb 2011 roaa,
TO ecTb 26 crniy4yaes.

B 26 cny4asx 6bino 13 akcTpemMarnbHbIX OCaaKoB,
N3 KOTOPbIX :
9 cobbITMIN - OTANYHBIN NporHo3 (100%) = 69,2%
2 cobbITn4a - cocegHui knacc (50%*2) = 15,4%
2 cODbITUA - C HeraTuBHbIM NporHo3om (-100% * 2) = 15,4%.

Bcero n3 26 nporHo3oB ocagkoB ansa HuoepnaHgos :
15 nporHo3os 100% = 57,7%

9 Grnuanexalumin knacc 50% =34,6%  92.3%
2 nporHosa no -100% = 7,7%

100% 50% -100%

35



CnpaBp)XXyBaHICTb NPOrHO3y cepeaHbOIl MiCAYHOI TeMnepaTtypu NoBiTps

Ta MiCA4YHOI cyMuM onaaiB no TepuTtopil YKpaiHu 3a nepioa 2006-2009

*47 nporHo3iB

ONpagdelE3eM OCTE MPOrHOE A ME CAYMHOM CyMMEl OC3JKO0E
no TEppPKTOpK YEpE FHEl

&0 30

S0 =3

ln} a0
o1
3 =
s X
£
E 30 = E
E =
o 1
m =
o0 o

[x] =

1] ' t t t ' t I t t ' - 0

0.8 0188 20-28.8 FOS6.8 404585  S0-55.9  G0-80.8  TO-THH  BO-EHEH  90-100
HNPAEgEES 8 MOCTE | %)
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