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1.- INTRODUCTION AND MOTIVATION 2.- DATA 3.- METHODOLOGY

1. Predictands

;rhc_al_ I\/IOS:ES _projeic::t_ (_Wwyv.moses-project.eu) Wc'?lSh cr:eate_d tc; - Surface air temperature:; from ERA-interim (Dee et al. 2011). To explore the best predictors for temperature and precipitation over the selected
acllitate planning of Irrigation water resources with the aim o N . . areas, the method proposed by Eden et al. (2015) has been followed. This
: -  Precipitation: from GPCC (Schneider et al. 2011) and ERA-Interim. ! . ' .
saving water and reducing monetary and energy costs. One of the P ( ) approach computes Pearson correlation and p-value (for estimation of
main tools to achieve these goals is seasonal forecasting. The skil significancy) between the two predictands (temperature and precipitation) and

of seasonal forecasts provided by any system based on statistical 2. Predictors each of the predictors for spring (MAM), summer (JJA), autumn (SON) and winter
algorlthms relles heaVIIy On adequate SeIeCtlon Of the relevant Predictor Description Predictor Description Predictor Description (D\JF)

predICtorS for the target reglon’ Season and predICtandS \FivaA \Iiva?;cplili)n:tchlz(::ncan index :\(I)PDGO :\r:::]n:jlsg;anD)::)I(e)T::jlzlon CVOEMO C\;Ztsitce(r)nsl(\:/ilztiitc;rr]ranean Oscillation Four dlﬁerent Iags ha've been used for the ComDUtatlon Of the Correlatlon between
AS a preVIOUS Step In the SearCh for and InveStlgatlon Of the beSt NINO1+2 Nino 1+2 index NAO North Atlantic Oscillation QBO Quasi-Biennial Oscillation palrS Of predlctands and predICtOrS, always averaged fOI‘ 3 month penOdS Lead
pred|CtorS Iead|ng 0O more accurate forecaStS, a prellmlnary NINO3 Nino 3 index EA East Atlantic pattern SAl-d Daily Snow Advance index tlmeS Of 1, 4’ 7 and 10 months have been explored For example, 4 months Iead
eXp|OratIOn haS been Cal’rled Out among the usual gIObaI and NINO3.4 Nino 3.4 index East Atlantic/Western Russia pattern SAl-w Weekly Snow Advance index (m|) t|me means that the averaged pred|ct0r for JJA |S Correlated W|th ’[he average

NINO4 Nino 4 index Atlantic Multidecadal Oscillation SAIl-w-ext Extended SAI-w

regional teleconnection indices. This eXploration has been EMI EI Nifio Modoki index Atlantic Tripole svi Snow Variability index predictand for NDJ, and so on.

conducted over four MOSES pilot areas (in Spain, Morocco, sol Southern Oscillation index Scandinavia pattern . . : .
Romanla and Italy) and COVGI’S up tO fOUI’ SeaSOnS prIOF tO the PDO Pacific Decadal Oscillation Tropical Northern Atlantic index oo 4 Flgure 1 ShOWS the CompUtatlonal grld pOIHtS for

forecasted one. The list of considered predictors discussed here is g‘;e 4 Se'leCteddlf”lIOt areas over Spain, Morocco,
not exhaustive and should be considered as a first approximation Omania and lialy.

The period used for the predictors and predictands is 1981-2010.

o b.e co_r_nplet_eql cle expar_lded upor_l USI.ng other sources of Due to data availability, the period for SAI-d, SAl-w and SVI is 2000- &5 Figure 1: Computational domains where the Pearson
predictability arising from tropical and mid-latitudes, oceans, extent 2010 and for TNA is 1981-2000. correlation between teleconnection indices and

of sea-ice and snow-covered land, soil moisture, etc. : lagging precipitation and temperature is computed.

4.- RESULTS

PRECIPITATION TEMPERATURE
Predictor MAM JJA SON DJF Predictor MAM JJA SON DJF . . .
1ml 4ml 7ml 10ml 1ml 4ml 7ml 10ml Iml 4ml 7ml 10ml Iml 4ml 7ml 10ml tmt | oamt | o7on | oromt | ot | oamt | 7er | oromt | ormt | o4t | o7t | otomt §oimt | oamt | o7eu | orom The relevancy Of the predlctors Computed IS expressed (See Flgure 2) aS the number (percentage)
E|JIG|E|G]JE|G|E|GJE|G)JE|GJE|G]J]E|GJE|G]JE|G|E|GJE|GJE|G]JE|GJ]JE]|G|E|G WP 18 . . . . . . . .
e -] [T u S PNA of grid points with significant correlation (at 95% confidence level). A table showing the results for
£ 11 | 33 29 18 11 NINO3.4 A . . . .
NNosa | || [aa| | NEBROEE A B RBE NINOI+2 each predictor, season and month lead time, has been obtained for each pilot area and predictand
NINO1+2 19 21 11 14 2 3 oo .
¢ o | [l B Ty D T H | BE o (temperature and precipitation).
£ NINO4 14 14 38|32(33]39]48]32 14 32382933 EMI
EMI 4329 36 | 14 32 | 81 29 24 14 SOl
SOI 33 18 (33| 11 14 29 124136332948 PDO T t
Z ;}?COO 19 11 21 NPGO 7 I empera Ure
— 3 38 19 24 oD 46
< 10D 3238 1 32 14| 14 ILAO 39
8’) o T = = i = »  For the Spanish pilot area, the only predictor with a high percentage of grid points with significant
¢ - = = - s [wo correlation is AT for autumn temperature. There are no significant predictors in winter, and only a
= - AT’ 1 71 . - . . . . .
e e e e " s m 1 T few predictors with moderate percentages (mostly Atlantic indices) in spring and summer.
TNA |39 11 36 14 36| 19| 14 184 &)
AO AO
oo | M S i a1 s « For the Moroccan pilot area, only few predictors with moderate percentages appear for all
ETS - i NEC seasons. Over this area only two relevant predictors -high percentage of grid points with significant
» = O SAI
z 2 SAI-w 61 81 3 % DLW, 5 5 5 e . . .
2% [Shven 5 76 5 2 [SAwen correlation- are identified: 10D in spring and AT in autumn.
SVI™ 79 86 SVI 14
e Iml 4mIMAM7ml 10ml Iml 4ml T 7ml 10ml Iml 4mlSON7ml 10ml Iml 4ml - 7ml 10ml e Iml 1..1:/1/“\;11[,1 10m! | 1ml -unlJJAmm 1omt | tml 1..;?0N7m1 10m! | 1ml \umDJFhm 10ml ) For the Romanlan pIIOt area’ a blg number Of predICtorS Wlth hlgh Or Very hlgh percentages are
— 1ttt i _ 3 spread across all seasons. Many of these predictors are clustered in autumn, and correspond both
Pe Y NING3 4 2 to Pacific and Atlantic indices. In spring, only few Pacific indices show good results.
NINGR 44|17 |2 2 u NINO1+2 1
NINO1+2 §22 22 | 17 | 22 22 2 NINO3 11 33
_i NINO3 |33 33 44 22 2 1 2 7 ] ) . . - . . .
| == ANENE e . 2 - For the Italian pilot area, a great number of predictors are identified with high or very high
8 So1 Iz ONENE — St percentages as well as several predictors with moderate percentages are distributed among all
PDO 17 11 c 5 5 g c
NP z L seasons. In summer, NINO indices adequately predict summer temperature (with high percentages
O 10D 67
10D 22 . . . . . o oo
% O T I "HE o W 2 for several consecutive lead times. This is in contrast to the rest of the areas, where predictability
= |, raw e : = . [FAWR associated to a given teleconnexion index is not maintained for increasing lead times.
g AMO 33| 42 17 ) 44 x: A0 L adl
E AT 50 17 22 33|33]e7 % AT i L 100
SCAND 17 17 | 22 3 17 2 SCAND 2 il
TNA o783 11 42 17 TNA 33 56
B 5 e A0 Precipitation
WEMO [m |33 33 s6[25| 1 |33 17 WEMO 11 22
QBO 22 2|17 QBO 56
SAId "™ 78 67 SAId ™
g § [ m = i L _  For all pilot areas, several potential predictors distributed over all seasons are identified.
= = T v = N q\—/l—cx
T o E = — —  For the Spanish, Moroccan and lItalian pilot areas the snow advance indices show very high
redictor £ < Predictor MAM JA SON DJF 1 - J A . i . .
Iml | 4ml 7ml‘ 10ml | Iml | 4ml | 7ml | 10ml | Iml | 4ml | 7ml | 10ml | Iml | 4ml | 7ml | 10ml it 1 amt | 7ot | tomt | tmt | amt | 7t | tomt | tmt | mt | 7m0 | tomt | tmt | dmt | 7ot | tomi percentages for winter preCIpItatlon US|ng both databases’ be|ng these |nd|CeS key predlctors for
E|G|E|G]JE|G|JE|J]GJE|GJE|G|E|GJE|GJE|G|E|GJE|G]JE|GJE|(GJE|G]JE|GJE|G WP 50 13 13 ] I . )
L % |13 E 2 s PNA » w o 5 winter precipitation over these pilot areas.
13125]11 NINO3.4 50
NINO3.4 75| 88 13 13 13| 25 NINO1+2
NINO1+2 25 38 13|25 25|25 25 25 9 3 . g . - - .
¢ o 8 B O Ol : oo _ - - For the Spanish pilot area the only relevant predictors with high percentages are WP for spring,
& NINO4 25| 25 25 50 | 25 = . . . . .
< T 2 R — _ — EMI for summer and snow advance indices for winter. The NINO indices for summer and autumn
= = e EEE B B E00 E i maintain their predictability over time, while the rest don’t. Although in general, the predictability for
Z — NPGO 6 e : - R . . :
< — S — 1 I 100 temperature is higher than the predictability for precipitation, the opposite occurs over the Spanish
A 88 .
2 NI;\O = 13 —= Z = 13|13 :z 38 IIO; 13 = e pIIOt area'
O g EA-WR 13 63 1313|6338 3] 2 = e
nd ;g AMO 25 | 38 50 4 2 [:I\TJO L = - . ; : I I
pEnE EEE 13 ] om 1os [ NENEE HE — — « For the Moroccan pilot area, relevant predictors with high percentages appear only in spring (WP
YN 53 0 E I EA s [13]7s (1] s [ s [0 g and PNA) and winter (some Atlantic predictors as well as snow advance indices).
A0 AO 25 88
13
WEMO 25 13 13 WEME
QBO 13 13 | 50 25|50 |25] 75|38 13 QBO_ 100 | 100 : . . . . . .
SALD % SALd « For the Romanian pilot area, relevant predictors with high percentages can be found in spring
= & [ SALw™ z 5 | SAlw . . b g . . . . . . .
2% SGL@ 52 [Shven (Pacific indices), autumn (Atlantic indices) and winter. In particular, AT shows maintained high
= » — predictability for autumn precipitation up to 4ml.
Predictor MAM JJA SON DIJF Predictor MAM JJA SON DJF
Iml 4ml 7ml 10ml Iml 4ml Tml 10ml Iml 4ml 7ml 10ml Iml 4ml 7ml 10ml iml | 4mi | 7mi | 10ml | tml | 4ml | 7ml | 10ml | iml | 4ml | 7ml | 10ml | iml | 4mi | 7ml | 10ml " s . . .
IEEEEEEE GG EEEEEEEEEEEEEEEE WP 7l = 2  For the Italian pilot area, the only relevant predictors with high percentages are snow advance
WP 17 17 17 83 [ 75 25 PNA 42 100 17 . . . . c
PNA = NING34 Tl = al=]el= Indices and WP (1ml) in winter. The other seasons do not seem to have relevant predictors.
NINO3.4 25 )17 NINO1+2 50
} NINO1+2 17 17 (17 | 17 | 25 ;E’ NINO3 ji 83 58 17 17 -
T oo im R R s it A e - « Small differences can be noticed in the percentage values of certain pilot areas and predictors
> i B A Kt I L = Sl 5l [o]slw = | = when different databases are used. These differences are more noticeable for the Moroccan pilot
25 67 25 . o o 0o o . .
;:' o | NPGO area, where ERA-Interim shows significantly higher percentages than GPCC. This difference could
I_ [O]J) 25133 (4225|3317 |25 10D 100 25 so | 100 ) i N y i
= ] . 0 . 7 0 NAG 5 be attributed to the lack of observations over this area, which may negatively affect the results from
TN 7 o - — GPCC which is solely based on the available observations.
é E}':[\'A\Z)R & b == E: AMO 100 | 92 92
E AT’ 17 17 - -
SCAND 33 (33 17 | 50 50 25 | 25 Sl 22 &
TNA 25 THA
AO 50 | 50 Al L
WEMO 25 17 17| 33 172533 WEMO 100
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Figure 2: Number of grid points over Spain, Morocco, Romania and Italy domains (expressed in percentage) with significant correlation coefficient (at 95%
confidence level) between teleconnection indices and lagging precipitation (left column) and temperature (right column) from ERA-Interim (E) and GPCC (G). The
colours (red, yellow and green) are used to represent the average value of the correlation coefficient (m 10-30% - 30-60% m+60%). Correlation coefficients are
computed for the period 1981-2010. TNA index (*) is referred to 1981-2000 and snow advance indices (**) are referred to the period 2000-2010. 1ml, 4ml 7ml, and
10ml correspond to teleconnection indices leading 1, 4, 7 and 10 months respectively. The correlation for the snow advance indices is only computed for DJF.
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Spain Morocco Romania [taly
MAM | JJA | SON | DIF | MAM | JA | SON | DIF | MAM | JJA | SON | DIF | MAM | JJA | SON | DJF _ _ - _ . _ _
| ERE R o b e [ B o o - There are fewer predictors with significant correlation over the Spanish and Moroccan pilot areas, as compared with
W | 18 Sl the Romanian and especially the ltalian pilot areas, where the higher number of predictors with high correlations for
EE — — S0 S — most seasons (both from Pacific and Atlantic indices) will ensure better skill for a statistical forecasting system based
s s s = . on such predictors (see Figure 3).
SVI AT p— : : . . : :
T | ERA AT 10D AT ENT [ NAO | PNA 10D [ Moot | Noid | WP | Ninoss « Snow advance indices are very relevant predictors for winter precipitation for all pilot areas, except for the Romanian
:\'PG() ;()l 10D iﬂ()l l :S()l = i()D One
PDO AMO PDO EA
. SCAN AN SA-W . . . . . . . . .
EA-WR e |oea - Regarding temperature, the predictability associated to a certain teleconnexion index for a given pilot area does not
SCAND WEMO 5 c 0 0 5 5 c 5 c 5 5
AO seem to be maintained for increasing lead time, whereas for precipitation several teleconnexion indices tend to
QBO . . . - . .
maintain predictability as lead time increases.
Figure 3: Table summarizing the list of teleconnection indices significantly correlating with lagging precipitation and temperature « Over the Moroccan pilot area. there are noticeable differences for the precipitation predictors using both databases.
computed from ERA-Interim (ERA) and GPCC. Only indices with significant correlation equal or more than 50% of grid points in the | ’ . . : . : C g . :
corresponding domain are included. This may be due to the lack of observations in this domain causing significant differences in both data bases.
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