10.1175/JCLI-D-17-0805.s1 DOSS-GOLLIN ET AL.

e e N .| =

o e————tae——

% AMERICAN = /5

N METEOROLOCICAL /&
SOCIETY 7%

wess - American Meteorological Society

Supplemental Material

© Copyright 2018 American Meteorological Society

Permission to use figures, tables, and brief excerpts from this work in scientific and
educational works is hereby granted provided that the source is acknowledged. Any use
of material in this work that is determined to be “fair use” under Section 107 of the U.S.
Copyright Act or that satisfies the conditions specified in Section 108 of the U.S.
Copyright Act (17 USC §108) does not require the AMS’s permission. Republication,
systematic reproduction, posting in electronic form, such as on a website or in a
searchable database, or other uses of this material, except as exempted by the above
statement, requires written permission or a license from the AMS. All AMS journals and
monograph publications are registered with the Copyright Clearance Center
(http://www.copyright.com). Questions about permission to use materials for which AMS
holds the copyright can also be directed to permissions@ametsoc.org. Additional details
are provided in the AMS Copyright Policy statement, available on the AMS website
(http://www.ametsoc.org/Copyrightinformation).



http://www.ametsoc.org/PUBSCopyrightPolicy
http://www.copyright.com/
http://www.ametsoc.org/CopyrightInformation

10.1175/JCLI-D-17-0805.s1 DOSS-GOLLIN ET AL.

Supplemental Information for
“Heavy rainfall in Paraguay during the 2015-2016 austral
summer: causes and subseasonal-to-seasonal predictive skill”

James Doss-Gollin Angel G. Munoz Simon J. Mason Max Pastén

May 6, 2018

This document contains several supplemental figures referenced in the main text. Further sup-
porting information is available in the form of source code at github.com/jdossgollin/PYFloods.

List of Tables

S1  Centroids of each weather type in 4-dimensional phase space, where each dimension
is an EOF of 850 hPa streamfunction over the weather typing region. These centroids
are chosen by choosing the K-means partition which maximizes the Classifiability
Index; see Methods. The weather type for each day is computed by projecting the
850 hPa onto its leading four EOFs, re-scaling the EOFs as discussed in Methods,
and identifying the nearest (Euclidean distance) centroid. . . . . . .. ... ... .. 3
S2  Weather type (WT) occurrence fraction during NDJF 2015-16 and Climatology . . . 3

List of Figures

S1  Gridded estimate of population density (color; in units of persons per square kilome-

ter) from Center for International Earth Science Information Network (2016). . .. 4
S2  Classifiability index (see Methods) calculated for several chosen values of K, repre-

senting the number of weather types produced. Results are produced with only 75

simulations for each K. . . . . . . . . .. ... 5
S3  Monthly NINO 3.4 time series during the study period. Each month from November

2015 through February 2016 is specifically marked with a blue dot. Data from Kaplan

et al. (1998). . . . . . 5
S4  Monthly SST anomalies during December of three major El Nino events. Months

shown are NDJF of (a,d,g,j): 1982-83, (b,e,hk): 1997-98, and (c,f,i,1): 2015-16. Units

are in °C. SST data from Reynolds et al. (2002). Also shown are rainfall anomalies

over South America, from Chen et al. (2008). Rainfall contour intervals are lmmd~t. 6


github.com/jdossgollin/PYFloods

10.1175/JCLI-D-17-0805.s1 DOSS-GOLLIN ET AL.

S5  Evolution of the MJO during NDJF 2015-16. Points are plotted on RMM1 (z-axis)
and RMM2 (y-axis), derived from leading EOFs of OLR fields (Wheeler and Hendon,
2004). Gray lines divide the plot into the eight phases used in the text. Colors show
the time evolution of the system from 01 November 2015 (blue) to 29 February 2016
(yellow). Gray circle indicates the area of neutral MJO activity with amplitude < 0. 7
S6  Pearson correlation, at monthly time step, of sea surface temperature (SST) anoma-
lies (Reynolds et al., 2002) with four leading EOFs of 850 hPa streamfunction over
the weather typing region, shown with a black box. Central Southern Atlantic Dipole
is shown with a blue box. (a): EOF 1; (b): EOF2; (c¢): EOF3; (d): EOF4. . . ... 8
S7 Spearman (rank) correlation coefficient between several S2S climate indices and
weather type occurrence at monthly time step. These correlations are computed
between the proportion of occurrence of each weather type and the monthly-mean
time series of the climate index. For the MJO phases the monthly-mean time series is
the proportion of occurrence of that phase for the given month. The NINO 3.4 time
series was up-sampled from monthly to daily values by persisting the most recent
monthly value (no interpolation). The SCAD predictor, labeled Dipole, is the mean
meridional gradient of SST anomalies over the region 30°W to 10°W and 40°S to
15°S, up-sampled to daily values using the same method as the NINO 3.4 time series. 9



10.1175/JCLI-D-17-0805.s1

DOSS-GOLLIN ET AL.

EOF1 EOF2 EOF3 EOFA4
WT
1 -0.325 1.035 -1.015 0.124
2 -0.887 0.519 0.647  -0.812
3 1.312 0.325 0.208 0.075
4 0.190 -0.807 -0.120 -0.844
5 -0.307  -0.849 -0.741 0.826
6 -0.334 0.057 1.093 1.033

Table S1: Centroids of each weather type in 4-dimensional phase space, where each dimension
is an EOF of 850 hPa streamfunction over the weather typing region. These centroids are chosen
by choosing the K-means partition which maximizes the Classifiability Index; see Methods. The
weather type for each day is computed by projecting the 850 hPa onto its leading four EOFs,
re-scaling the EOFs as discussed in Methods, and identifying the nearest (Euclidean distance)

centroid.

NDJF 2015-16  Climatology

WT

O U W N~

0.273
0.231
0.107
0.207
0.132
0.050

0.213
0.185
0.156
0.156
0.150
0.140

Table S2: Weather type (WT) occurrence fraction during NDJF 2015-16 and Climatology
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Figure S1: Gridded estimate of population density (color; in units of persons per square kilometer)
from Center for International Earth Science Information Network (2016).
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Figure S2: Classifiability index (see Methods) calculated for several chosen values of K, represent-
ing the number of weather types produced. Results are produced with only 75 simulations for each
K.
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Figure S3: Monthly NINO 3.4 time series during the study period. Each month from November
2015 through February 2016 is specifically marked with a blue dot. Data from Kaplan et al. (1998).
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Figure S5: Evolution of the MJO during NDJF 2015-16. Points are plotted on RMM1 (z-axis)
and RMM2 (y-axis), derived from leading EOFs of OLR fields (Wheeler and Hendon, 2004). Gray
lines divide the plot into the eight phases used in the text. Colors show the time evolution of the
system from 01 November 2015 (blue) to 29 February 2016 (yellow). Gray circle indicates the area
of neutral MJO activity with amplitude < 0.
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Figure S6: Pearson correlation, at monthly time step, of sea surface temperature (SST) anomalies
(Reynolds et al., 2002) with four leading EOFs of 850 hPa streamfunction over the weather typing
region, shown with a black box. Central Southern Atlantic Dipole is shown with a blue box. (a):
EOF 1; (b): EOF2; (c): EOF3; (d): EOF4.
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Figure S7: Spearman (rank) correlation coefficient between several S2S climate indices and weather
type occurrence at monthly time step. These correlations are computed between the proportion of
occurrence of each weather type and the monthly-mean time series of the climate index. For the
MJO phases the monthly-mean time series is the proportion of occurrence of that phase for the
given month. The NINO 3.4 time series was up-sampled from monthly to daily values by persisting
the most recent monthly value (no interpolation). The SCAD predictor, labeled Dipole, is the
mean meridional gradient of SST anomalies over the region 30°W to 10°W and 40°S to 15°S,
up-sampled to daily values using the same method as the NINO 3.4 time series.
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