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Introduction

Seasonal  forecasting has recently advanced
significantly both in terms of theoretical ground and
operational production based on dynamical or statistical
models. An experimental seasonal forecast was first
issued by the Bulgarian weather service in the autumn
of 2005 giving prediction for the winter season of 2005-
2006. It followed the example of the winter seasonal
outlook of the UK MetOffice published on their website
at the time. The Bulgarian weather service has been
issuing ever since seasonal outlook for the country
targeting the general public. It makes 9 years of
experience which allows for measuring the skill of the
forecast. This presentation illustrates mainly how the
uncertainty associated with the seasonal forecast is
quantified and communicated to the public.



Method and data

Data from about 30 Bulgarian weather stations evenly
distributed in the country are involved in the monitoring
of temperature and precipitation at the seasonal time
scale. Most of them have continuous records since 1951
and they have been used for some basic statistical
analysis and the production of a national index.

The Bulgarian seasonal forecast is mostly a subjective
evaluation of probability maps provided by some of the
global production centers (GPCs) under the umbrella of
the WMO as well as other entities (ex. IRI). The centers
have been first chosen based on the availability of their
seasonal outlook products on the web. However their
number has recently been reduced based on some
knowledge for the advancement of their models. The
forecast is currently based on products of the following
centers (Fig. 1):

ECMWEF (including EUROSIP), MetOffice, NCEP, IRI,
JMA.

The maps are evaluated subjectively and a certain value
is assigned (see “index” bellow). All values from all
centers are averaged which makes up the forecast.
Weights can apply based on the skill of the models (see
“skill” bellow).
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Figure 1: Example of online maps used for the national seasonal
outlook: Latest 1-month lead time probability maps for
temperature and precipitation for JJA 2015 (ECMWF).



Other products are considered as well like for example:
ENSO and teleconnection indices  forecast.
Additionally, some knowledge of the current state of the
global climate system helps to construct a view on how
a given season would evolve. The bulletins of some of
the GPCs (Meteo France, NCEP) regularly give
thorough overview of the current state. The regional
climate outlook forums (COFs), organized by the
WMO, help to bring up the expertise in seasonal
forecasting at national level in its less advanced or
smaller members.

At the end of the process arbitrary subjective judgment
takes place based on knowledge of the current state of
the climate and other materials like for example
consensus statements of COFs. Thus, the final forecast
contains, from one side, the effect of the objective skill
of the models and the quality of their online output
maps and, from the other side, the personal judgment of
the author based on knowledge (or luck of it) and
experience.

The forecast numbers attributed to all used models for
all predicted seasons have been archived since 2007.
The 8-year records allow for doing some statistics and
determining the skill of the subjective forecast both for
the final product and the individual models part of the
ensemble.



Measuring the seasons with a national index

There are 2 reasons for building a national index.
Firstly, Bulgaria is a relatively small country. The
atmospheric objects of synoptic scale usually influence
the entire country within their lifetime. The country has
a homogeneous response to all large scale atmospheric
influences at the seasonal time scale which can be
illustrated with figures 2 and 3. Secondly, the natural
predictability in the region is theoretically low and the
skill of the dynamical or statistical models reflects this
weakness.
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Figure 2: Departure of mean seasonal temperature from normal,
DJF 2014/15 (Reference period 1961-1990).
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Figure 3: Seasonal precipitation amount in percent of normal,
DJF 2014/15 (Reference period 1961-1990).

The climate of temperature or precipitation at a given
location predicts that the value of these parameters for a
given season would fall with equal probability of one
third in one of the three tercile categories: below,
around, or above normal. However the tercile intervals
are large and often a single value can fall near the
threshold which can be unpleasant for the evaluation of
skill. The division of the probability distribution in
terciles also lacks information for the extremes. The
choice made for the construction of a Bulgarian national
index was to divide the probability distribution in 7
equal parts which corresponds to interval width of about
14.3% and therefore accounts for the extremes and
smoothes out the problem with values near the



threshold (Fig. 4). Index varying from -2 (very
cold/dry) to +2 (very warm/wet) is assigned to a value
falling in a given interval. The obtained indices for all
monitored 30 weather stations are averaged and the
result makes up a national index. The index itself also
spans from -2 (very cold/dry everywhere) to +2 (very
warm/wet everywhere). Figure 6 illustrates how all data
from the monitored stations fall in probability intervals
which cover most often 1 or 2 neighbor tercile
categories. There are practically no cases with cold and
warm parts of the country within one season. There can
be only a very small part of the country falling in the
opposite precipitation tercile category compared to the
larger part.

7N\
: Equal probability interval
— |
|
Index :
|
0 |
— |
23| |+2/3
|
|
| -4/3 7!
|
~2 // !

Average index
Figure 4: Constructing a national index: schematic

representation.
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Figure 5: Probability for departure of the individual station
indices from the national average. “T” — temperature; “R” —
precipitation. Bottom axis - departure, Left axis — probability.

Skill of the subjective forecast

The seasonal probability maps are evaluated
subjectively and are being assigned with a forecast
index from -2 to +2. The forecast values assigned to the
individual members of the ensemble of models are
averaged. The final forecast is a number arbitrarily
chosen based on the result from the overview of the
models and personal judgment. All individual values of
the models and the final forecast are archived. The
departure of the forecast index from the actual index
based on data is a measure of the skill of the forecast.
Tables 1 and 2 summarize the skill of the ensemble of
models and the ECMWF as an individual model.
Figures 6 and 7 show the evolution of the scores of the
forecast based on the ensemble of models and the



ECMWEF as an individual model. A random choice of a
single hypothetical forecast value is also presented for
comparison. The random value has been chosen to be 0
(around normal) for precipitation and 1 (near or above
normal) for temperature to account for the global
warming trend. It can be seen that the random choice
scores better than the subjective forecast based on the
ensemble of models and the ECMWF model as an
individual source of prediction both for temperature and
precipitation. It is therefore not advisable to rely on the
Bulgarian seasonal forecast yet. However there is an
upward trend of the skill of the temperature forecast and
the ECMWF scores slightly better than the ensemble of
models. It is therefore advisable to use the ECMWF
temperature forecast as a single source of prediction
rather than the ensemble of models. For precipitation
however the ensemble of models scores better than the
ECMWEF and it is advisable to use the ensemble for
precipitation. The downward trend of the ECMWF
precipitation forecast with longer lead times reflects a
recent deterioration of their score during the 1-year long
wet period from March 2014 to April 2015 (see author
for details).

Table 1: Skill of the subjective seasonal forecast, ensemble of
models.

| Temperature Precipitation
ensemble 1-month | 2-month | 3-month | random 1-month | 2-month | 3-month | random

0 | poor false 0.17 0.26 0.36 0.16 0.23 0.23 0.22 0.19
1 | reasonable climate 0.03 0.01 0.06 0.00 0.04 0.03 0.04 0.00
2 | good -1.5:+15 0.18 0.19 0.13 0.05 0.17 0.16 0.13 0.23
3 | very good -1:+1 0.41 0.39 0.30 0.47 0.31 0.29 0.28 0.25
4 | excellent -0.5:+0.5 0.21 0.16 0.14 0.32 0.25 0.30 0.33 0.33

average 2.46 2.17 1.81 2.77 2.32 2.51 2.46 2.54
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Figure 6: Scores of temperature forecast — evolution 2007-2015.
Continuous curves/lines: 13-month running average and linear
trend. Dashed curve/line: Random choice (always warm or
normal). Upper plot — ensemble of models, lower plot - ECMWF.
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Figure 7: Scores of precipitation forecast — evolution 2007-2015.
Continuous curves/lines: 13-month running average and linear
trend. Dashed curve/line: Random choice (always normal). Upper
plot — ensemble of models, lower plot - ECMWEF.
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Table 2: Skill of the subjective seasonal forecast, ECMWEF.

| Temperature Precipitation

ECMWF 1-month | 2-month | 3-month | random | 1-month | 2-month | 3-month | random

0 | poor false 0.25 0.26 0.27 0.16 0.33 0.27 0.29 0.19
1 | reasonable | climate 0.00 0.01 0.02 0.00 0.02 0.01 0.00 0.00
2 | good -1.5:+1.5 0.08 0.06 0.13 0.05 0.20 0.19 0.17 0.23
3| verygood |-1:+1 0.31 0.34 0.26 0.47 0.24 0.27 0.30 0.25
4 | excellent -0.5:+0.5 0.36 0.32 0.33 0.32 0.21 0.27 0.24 0.33
average 2.54 2.45 2.35 2.77 1.99 2.26 2.20 2.54

Communicating uncertainty

As it has been shown the seasonal forecast for Bulgaria
is not yet skillful enough. However the availability of
seasonal forecast materials on the web and the facility
to communicate around the world make the seasonal
predictions very often a subject of public debate or
speculation through media. The national weather
service should provide guidance in these circumstances
even though the forecast is not sufficiently skillful. This
is the reason staying behind the decision of the
Bulgarian weather service to maintain seasonal weather
prediction for the general public. It is published on the
website but it is not advertised widely. The document
consists of 3 parts: seasonal outlook for the current and
the coming calendar seasons in text and tables; short
explanation on how to interpret the seasonal forecast;
and information on how the forecast for the same
seasons from the last year scored. One of the latest
issues of the document (in Bulgarian) is posted at the
end of this presentation for illustration. Tables 3 and 4
show an example of how the scores of the seasonal
outlook for summer 2014 was measured and
communicated.
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Table 3: Scores of the seasonal forecast of mean seasonal
temperature for summer 2014.

Forecast Score
Temperature | Month-1 | Month-2 | Month-3 | Index | Month-1 | Month-2 | Month-3
June 0 0 -0.76 3 1 3
July -1 0 0.02 2 4 1
August 0 0 0 0.93 3 3 3
Summer 0 1 0.18 4 1 3

Table 4: Scores of the seasonal forecast of seasonal amount of
precipitation for summer 2014.

Forecast Score
Precipitation | Month-1 | Month-2 | Month-3 | Index | Month-1 | Month-2 | Month-3
June 1 1 1.48 4 1 4
July 1 1 1.16 4 4 1
August 0 0 1 0.47 4 4 3
Summer 1 0 3 1 0
Conclusions
Seasonal forecasting will inevitably  progress

significantly in the coming years. It is not yet skillful
for the region of Bulgaria though and it is not yet
advisable to rely on it. However a modern weather
service has to respond to the public interest by building
and maintaining capacity for seasonal forecasting at the
national level. The ECMWF model scores better than
ensemble of models for temperature seasonal outlooks
and it is advisable to rely on it as a single source of
prediction for this parameter. It is however still
advisable to use an ensemble of models for precipitation
forecast with the ECMWF model being a part of it.

ilian.gospodinov(@meteo.bg
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Ce3oHHa nporHo3a 3a bsiarapus 3a ce3oH jasro 2015

HayuoHanen uHcmumym no memeoposno2ust u xuoponoeusi, BAH

IMocnenHo obHoBsiBaHe Ha 29 Maii. CiiefBaiijo 06HOBsiBaHe Ha 27-30 10HH.

JIsito (roHU-10/1M-aBryct): ChC CpPeIHU Ce30HHU TeMIlepaTypy ONM3KU 10 HOPMA/THUTE WA
T0-BUCOKU M CEe30HHU KOJIMUeCTBa BasieX O/IM3KM [0 HOpMaiHuTe. Moyke Jja ce o4akBa JISITO
2015 ga e mogo6HO WM Mo-TorwIo OT JiATo 2014, HO J1a € ¢ TI0-MaJIKO BaJIEXH.

FOuu: CbC cpefHU MeCeUHH TeMIiepaTypyd OJM3KH [0 HOPMAalHWTe WM T0-BUCOKH U
MeCeuHHU KOJIMYeCTBa Bajie)k O/IM3KH 0 HopMaHuTe. Moxke fja ce ouakBa tonu 2015 z1a e mo-
TOI'BJI U C TI0-MAaJIKO Bajie)ku OT roHu 2014.

FOm: Cbc cpegHM MeceuHW TemriepaTypu OMM3KM [0 HOPMajHWUTE WM TI0-BUCOKH U
MeCeUHH KOJIMUeCTBa Bajlex OMU3KW 10 HopMaiaHute. Moxke ga ce ouakBa o 2015 ga e
110100eH WX TIO-TOIThI OT 1ok 2014, HO /1a e C IO-MaJIKO BaJIeXKH.

ABrycr: ChC CpefHU MeCEUHM TeMIlepaTypd M MeCeYHU KOJIMUecTBa Basieyk OM3KU [0
HopMasTHUTe. MoxKe Jia ce odakBa aBryct 2015 ma e momobeH Ha aBryct 2015.

Tabnuia 1
Temneparypa

HOHKM

KOnn
ABrycT

Tabuna 2
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Kpartko obsicHeHuUe:

He moBuilieHa BepOSTHOCT 3a ChOUTHE TOJ, HaJ, WK OKoJIo HopMarta e 33%. Taka Moxe /a
Ce OvaKBa, ye CpeHO KJIMMaTUUHO, Ce30HUTe I0MNajaT C efAHaKBa BeposaTHOCT (33%) B efHa
OT TpUTEe KaTeropuu: OKOJI0 HOpMaTa, Mof, HOpMaTa U Haj Hopmara. LlenTa Ha ce30HHUTe
TPOrHO3U € Jia TIPOBepU 4Ype3 pas3/MyHU CTaTUCTUYeCKW W UWCIeHW MeTou [Janu uma
TOBUILIEHA BEPOATHOCT TPEACTOSIIL] Ce30H /a Ce OKake B HSKOS OT TPUTe KaTeropuu 3a
CbOTBETHUSI efleMeHT. Bb3MO)XKHO e Zla He MoyKe Jia ce JjaZie TpeAriounTaHie Ha HUTO e[iHa OT
TPUTe KaTeropyMy W TOTaBa He MO)Ke /la Ce HarpaBu creliduuHa MPOTrHO3a. Bb3MOXKHO e
CBILO /la Ce OKake, Ue /IBe ChCe/IHU KaTeropuu, a He CaMo e/lHa, Ca C MOBHUIIeHa BePOSITHOCT
(>33%) 3a peanu3alusi, Halp¥Mep HaJ HOpMaTa U OKOJ0 HopMata. Kareropuute mop, Haj,
WM OKOJI0 HOpMara, M3MO/3BaHM 3a LieJiuTe Ha Ta3u Ce30HHA MPOTHO03a, Ce OrpejessT
cripsiMo HopMa 3a mnepuoga 1980-2009. Mankute mpocTpaHCTBeHH Maljabu Ha bwirapus B
CpaBHeHHWe C MaljabuTe Ha KIMMaTUUHUTE CTPYKTYDH, KOMTO OIpeJesiAT XapakTepa Ha
Ce30HUTe, KAKTO U Heorpe/leJIeHOCTTa B Ce30HHUTE MPOTrHO3M, HU Kapar [a MpeAroynuTame
Jla u3JaBaMe Ce30HHa TporHo3a 3a bbarapusi mog ¢opmara Ha uHAekc. To3u HMHJIEKC e
Ba/IM/IeH KaKTO 3a OT[|e/THUTe MeCTa, Taka U 3a CTpaHaTa KaTo Lisiio. VIHAEKCHT e C Bb3MOXKHU
CTOMHOCTU OT -2 (OTHOCUTE/IHO CTY[IeHO WM CyXO B LsijiaTa CTpaHa) A0 +2 (OTHOCHUTeTHO
TOTJI0 WIM MOKPO B IjsylaTa cTpaHa). B Tabnuia 1 (Temneparypa) v Tabmura 2 (Baiex) ca
MOCOYEHU YCTAaHOBEHUTEe WHJEKCH 3a U3TeK/IMTe WU U3TUUALUTe MeCeld OT TeKYL[Usl Ce30H
Y MPOTrHO3a Ha WHJEKCa B WHTEepBaj 3a MpeJCTOSIIUTe TPU Mecella KaKTO W 3a TeKyIIUs U
TIPEZICTOSAIIMS Ce30H. 3a CpaBHEHWe, B Tabnuila 3 ca MOCOUEHW YCTaHOBEHWUTE WHIEKCH 3a
CBILUTE MeCeLd M Ce30HU OT MHHajaTa roJjiHa KakTo Y yClieBaeMOCTTa Ha W3[aZileHuTe 3a
TSIX OporHo3u. IIporHosara 1o [JeceTAHeBUsl 3a ITbPBUSI TPEACTOSI] Mecel] e CaMO B
kareropuu. He ce n3paboTBa 1 He ce TIOCOUBA /leCeTHEBEH WH/IEKC.

Wznon3panu ca dj1egHuTe Ka4yeCTBeHU Irpaddliin:

TON/MO MOKpO
TOMN/I0 MW HOPMAJTHO MOKPO U/ HOPMasIHO
HOpMaJsIHO HOpMaJsIHO

CTYZIEHO U/ HOPMAJTHO CYXO W/ HOPMaJTHO
CTyfileHO Cyx0

N TPUTE KaTeropun ca eiHakBo BEPOSTHU
HAMa usgageHa nporHosa

1l
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Tabmwiia 3

M3pageHa nporHosa OueHka Ha
(1,2 nnn 3 meceua
npeasapuTenHo) n3gajgeHara nporHosa
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Ouenka:
0 — He3azoBONIMTENHA; 1 — 3a70BoMTENHA; 2 — [06Opa; 3 — MHOTO A00pa; 4 - OT/IMYHA

W3no013BaHu ca Ce30HHU MPOrHo3v Ha UJIEAHUTE YY>KAeCTPaHHU METEOPO/IOTUIHHA
HHCTUTYTH:

EBporielicku [IeHTBP 3a CpeJHOCPOYHA MTPOrHO3a Ha BpeMeTo, Peaynr, O6enuHeHo KpancTBo
BpuraHncka MeteoposiornuHa ciyx0a, Excersp, Obenuneno Kpasnctso

dpeHCcKa MeTeoposioruuHa ciyxkba, Tymy3a, @paHiys

LleHTHp 3a pOrHO3UWpaHe Ha KuMarta, HalroHamHa cmy»k0a 3a Bpemeto, CAIIL
MexayHapozieH U3cie[oBaTesICKU HHCTUTYT 3a 3eMsita U obiectBoto, Konymbuiicku
yuusepcuteT, Hio Mopk, CAII]

sIroHCKa MeTeoposIoryHa caykba

3a KOHTAKTH:
ilian.gospodinov@meteo.bg
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