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PDO vs UWIND(NCEP):1950-2009

(a)

Observations show an increase in precipitation over the
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CjOU:p ed o@e cI-co p 4 ,S,O (?J ect V5 (C 5? 4150 y1e d I= 0.10 — — Figure 1. Annual average precipitation anomalies over the Southwest United States (30-40°N, 105°-120°W). Anomalies are calculated
similar multi-decadal variability, with anthropogenic aerosols S - - relative to 1950-2009 mean. The black line is based on the UDEL precipitation data set. The red and green lines are based on the o
only (CMIPS_ A A) simulations accounting for most of the S 0.00 — ensemble average of CMIPS5 all forcing (CMIP5-ALL) and CMIPS acrosol only forcing (CMIP5- AA) experiments respectively. The 98 05 4 0z o0 o0z 04 05 o3
. [ M CMIP5-AA d the ob d Sent S 3 - precipitation for the models is multiplied by a factor of 2. The gray shading represents the standard deviation of 18 CMIP5-AA PDO vs UWIND(CMIPS-ALL):1950-2009
Signal. OI’GO.VCI', . - repro U,.CGCS . C ODSCIVC cpt- % 010 " realizations. The linear trends for 1950-1980 and 1980-2009 are plotted as dashed lines in their respective colors. The trend (mm day!/
Oct-Nov maximum m SW U.S. precipitation trends. We o i - decade) and its significance after accounting for autocorrelation (in parentheses) are : 0.04 (99%) for OBS, 0.02 (95%) for CMIP5-
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. bt . - L ALL, and 0.02 (95%) for CMIP5-AA for 1950-1980. For 1980-2009, the corresponding trends are -0.07 (99%) for OBS, -0.01
asso.cmte these precipitation changes to the evplu.u.on 9f the 020 G T T T (9994) for CMIPS-ALL, and -0.02 (95%) for CMIP5-AA.
leading pattern of sea surface temperature variability in the 1960 1970 1980 1990 2000

North Pacific, the Pacific Decadal Oscillation (PDO). A
positive PDO phase 1s associated with equatorward
displacement of the Northern Hemisphere mid-latitude jet
stream, which tends to bring more precipitation to the SW U.S.
The negative PDO phase exhibits the opposite teleconnection.
Both observations and models, particularly models forced by
anthropogenic aerosols only, yield a reversal in the trend of the
PDO, consistent with the SW U.S. precipitation changes. Our
results suggest that anthropogenic aerosols have driven recent
trends in SW U.S. precipitation by modulating the PDO, and its
assoclated atmospheric teleconnections.
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mm day”/decade  Fjigure 2. Annual mean precipitation anomaly trends for 1950-1980 and
1980-2009. Panels show the observation (a,b) CMIP5-ALL (c,d) and
CMIP5-AA (e,f) ensemble mean. Trend symbols represent significance at
99% (plus) and 95% (dot) confidence level, accounting for autocorrelation.
Trend units are in mm day~!' /decade. The rectangle represents the area over
which precipitation 1s averaged to get the SW U.S. time series in Figure 1.
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Figure 5: Regression of 300 hPa monthly zonal wind anomalies onto the PDO time series. Panels show
observations (a), CMIP5-ALL (b) and CMIP5-AA (c¢) ensemble mean respectively. Units are in ms! /sd.
Symbol (plus) represents significance at 99% confidence level.

SEASON Trend(1950-1980/1980-2009)
PDO Precipitation
DJF OBS 0.206 (95%)/-0.351 (95%) 0.043 (99%)/-0.035 (<90%)

HadISST 1s used for the observed SSTs (Rayner et al.,
2002), while Umiversity of Delaware (UDEL) precipitation data
1s used for precipitation. Model data comes from Coupled 2N
Model Inter-comparison Project Version 5.0 (CMIPS). In this

CMIP5-ALL 0.223 (95%)/-0.175 (90%)  0.027 (99%)/-0.013 (<90%)

CMIP5-AA 0.149 (99%)/-0.183 (90%)  0.014 (90%)/-0.013 (<90%)

MAM OBS 0.319 (95%)/-0.283 (99%)  0.040 (<90%)/-0.070 (99%)

The CMIPS-ALL ensemble mean reproduces the SW U.S. precipitation

. / e e o e e CMIP5-ALL 0.199 (99%)/-0.170 (90%)  0.008 (<90%)/0.004 (<90%) . . .
study, we used CMIP5 all forcing (CMIP5-ALL) experiments as [TT T [T T [TT T CMIPSAA 0.163 (95%)/-0.146 (<90%)  0.007 (<90%)-0.002 (<90%) trends (although underestimated), implying the trends are externally forced.
well as CMIP5 aerosol only forcing (CMIP5-AA) experiments. oI BOT D e el O SRR RO D e el O A 0B 0.370(99%)/-0.352 (95%)  -0.017 (<90%)/-0.070 (95%) The CMIP5-AA ensemble mean trends are nearly the same as CMIP5-
We first selected the subset of models that have aerosol only (e) A () oy ecace S PRI DI DA RRTER ALL, which implies anthropogenic acrosols are driving the trends. SW
runs to maintain consistency between CMIP5-ALL and CMIP5- 50N 50N . z“B“;PS'AA ‘;zz (zzi’/‘(’):‘; (:5"/” ‘:"10093(<:§3)/:Z-‘;281 (195";/") U.S. precnpnatlon trends ar§ cqnsmtgnt with the PDO reversal and the
AA modelS. The PDO is derived as the leading principal CMIPEALL 0:278 :9 S‘VZ:;-O:ZBB :900/3 0..019 (290(;)))20:020((9 50/:; Correspondlng n()rth-SOUth Shlft 1n the Jet stream. CMIP5-ALL aISO tend to
component (PC) of monthly SST anomalies in the North Pacific| | «on aon CMIPS-AA 0.220 (99%)/-0.100 (95%)  0.03% (99%)/-0.040 (99%) reproduce these trends, suggesting the PDO trends are externally forced.

CMIP5-AA PDO trends are nearly as large as CMIPS5-ALL, implying
anthropogenic aerosols are primarily responsible for the PDO trend.
* QOur study shows that the recent trends in the SW U.S. precipitation can

Ocean, poleward of 20°N. Models are selected based on their
ability to reproduce the observed PDO pattern. We selected the

models that have a spatial correlation with the observed PDO <
pattern of 0.7 or higher in the North Pacific (20-50°N). With this 20w 00w sow 120w

Table 1: Summary of seasonal PDO and precipitation trends (mm day! /
decade) for 1950-1980 and 1980-2009. Trend significance i1s shown as
percentage in parenthesis.
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largely be attributed to anthropogenic aerosols.
criterion, we selected 10 CMIP5-ALL models, yielding a total 012 o1z ’ Future decreases in anth.ropogenic aerosols emissions may have significant
of 32 realizations. Using the same criterion, we selected the impacts on the hydrological cycle of the SW U.S.
same 10 CMIP5-AA models, yielding 18 realizations. We then PDO-Precipitation Correlation
averaged all reahz.atmns o CLLIPSALIL, e ChlIFS-A, (a) PDO-PRCP CORRELATION (OBS):1950-2009 (b)  PDO-PRCP CORRELATION (CMIP5-ALL):1950-2009 (C)  PDO-PRCP CORRELATION (CMIP5-AA):1950-2009
get the corresponding ensemble means. son son son

* A similar analysis will be done using CMIPS5 greenhouse gas (GHG)
forcing only experiments and natural forcing (NAT) experiments.

* Determine how significant the model trends are relative to the unforced,
preindustrial control experiments.

* Investigate mechanisms by which aerosols force trends 1n the PDO.

A recent study (Dai, 2013) showed the influence of the
Inter-decadal Pacific Oscillation (IPO) on SW U.S.
precipitation. Allen et al. (2013) showed that a strong
relationship exists between the PDO and tropical expansion.
Therefore, 1t 1s important to look at the change in atmospheric| | s
circulation associated with the PDO and its impact on the
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precipitation pattern. Tropical expansion 1s associated with 120w 100w sow 120w 100w sow
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systems, such as jet streams, which could shift precipitation Figure 3. Annual correlation of PDO and precipitation anomaly for the time period 1950-2009. Panel shows observation(a), CMIP5 all forcing ensemble mean (b) and CMIP5 aerosol only forcing ensemble
patterns; a po sitive PDO phas e ( cold Northern H emisph eric mean(c). Symbols represent significance at 99% (plus) and 95% (dot) confidence level.
)

mid-latitude SST anomalies and warm tropical eastern Pacific

Allen, R. J.,, J. R. Norris, and M. Kovilakam (2014), Influence of
anthropogenic aerosols and the Pacific Decadal Oscillation on tropical belt

PDO Trends width, Nature Geosci, 1n press.

(NCEP) 1s used as the observed U-wind data whereas U-wind trends for 1950-1980 and 1980-2009 are plotted as dashed lines. The trend (standard deviation/decade) and its significance after
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SST anoma.hes) 1s assqc1ated with eqqatorward dlsplac.ement of 1= O renn §  Dai, A., (2013), The influence of the inter-decadal Pacific oscillation on
the NH mid-latitude jet stream, which tends to bring more i - U.S. precipitation during 1923-2010. Climate Dyn., 41 (3—4), 633—646, do1:
precipitation to the SW U.S. (Mantua et al. 1997). We therefore 0.5 - 10.1007/s00382-012-1446-5.
looked at the zonal wind (U) at 300 hPa. which is tvpicallv used O 0 - Figure 4. Annual average of the PDO time series. The black line 1s based on the HadISST SST data set. The red, and green lines are based . -
: ( ) i P Y : E >0 . - on the ensemble average of CMIP5 all forcing (CMIP5-ALL) and CMIP5 aerosol only forcing (CMIP5- AA) respectively. The PDO for Mantua, N. J’ S. .R' Hare, Y. Zhang’ J. M Wallaf:e, .and R. C. Francis
as a measure of the jet streams. NCEP/NCAR ReanalySIS 1 0.5 — the models is multiplied by a factor of 2. The gray shading represents the standard deviation of the 18 aerosol only realizations. The linear (1997), A Pacific interdecadal climate oscillation with 1mpacts on salmon

0 accounting for autocorrelation (in parentheses) are : 0.37 (99%) for OBS, 0.23 (99%) for CMIP5-ALL, and 0.19 (95%) for CMIP5-AA pI'OdU.CtiOIl, Bull. Am. Meteorol. Soc. ’ 78’ 1065-1079.
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The time series are first smoothed with a 9-yr running mean for 1960 1970 1980 1990 2000 1980-2009 time period. and night marine air temperature since the late nineteenth century J.
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