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1. Introduction

Our previous work has established that the dominant modes of Pacific sea surface temperatures (SSTs) influence the summer climate of
North America via remote forcing of the lorge-scale circulation, or feleconnections. These feleconnections evolve in time and are most
Gpparant during e saty por of e sommer aifecing e onsel of ina Norih Armerican momscon and ine ond fo e (are sping wel
period in the central US. Our companion poster presented of this meeting summarizes how these teleconnections affect the physical

The standardized precipitation index (SPI: McKee et al. 1993) normalizes o
given precipitaion folal af each point fo a gamma distibution. allowing
for comparion of precipitation anomalies over varying climate regimes
on a confinental scale. In fhe present analysi, the one-month Pl is used
for the CPC U.S-Mexico long-term gauge-derived dataset (Higgins et al.

The stafistically significant mode of inferannual variabilty of VIC

LDAS soil moisture is of a siightly lower frequency than that of
the SPI (Fig. 10). The largest anomaiies in inferannual soil
moisture variability occur in the central US. (Fig. 11). and this is
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mechanisms of summer rainfall within a regional climate model (RCM) framework. It has also been establshed via RCMs that the land . .
surface influences of soil moisture and vegefafion may significantly impact summer climate. However, these sensifivity-fype studies have 1996] for the period 1950-2002. The LFV spectrum for SPI considering all H precipitation fhere is consistent for the enfie year (Figs. 8 and 9) H
focused on only one or a few years, fypically with exireme climate condifions like 1988 and 1993. The hypothess posed here is that the seasons (Fg. 5) shows significant inferannual variabilty ot a fimescale of |1 The interannual band fime series for soil moksfure in fhe central §
lond surface influences become more important during the latter part of fhe summer, when the influence of remofe Pacific SST forcing about seven years, which is the band of greatest inferest here because 3 Us. (Fig. 11) matches the documented wef and dy periods 3
diminishes. Our goal i fo eventually fest this hypofhesis using a RCM as @ complement fo our previous work, with idedlzed land surace significant variabilly in sol moisture and vegetafion greenness occur af [ there very well. In parficular, long-ferm droughts occur at an
forcing corresponding fo fhe statisicaly significant spatiotemporal pattems of soi moisture and vegetation. These must necessarly be approximalely fhe same fime scale. This makes sense given fhat the ] S— » requency. In thy 3
“integrators” of longer-term afmospheric variability and may ac he summer o create extreme most coherent pattems of almospheric forcing, for both cold and warm £ A record, these include the Dust Bowl of the mid-1930s, mid1950s, §
climate conditions. The results presented herein show our initial statistical analysis of long-ferm North American precipitation, soil moisture seasons, occur when the inferannual and inferdecadal variability in the = o l" Lo N mid-1970s, 1988-89, and the most recent drought of 1998-2002.
and vegetation greenness datasels. The lafter two products will be used fo drive future idealized RCM simulations with fhe Regional Pacific are in phase. The spatial pattem uf variabilty reflects fhe well- 3l fl We hypothesize that the most acute drought conditions in these ]
Atmospheric Modeling System (RAMS) established relaionships befween North American winfer precipitafion & perods are ner the 1af end of o cycle of rellively persient 5
A ENSO PO wintor (o, &) Tho carormanding wanoiet onciyt (o 5 o l\ fd { Pacific SSTs, when the soi moisture deficit starfs fo act 3
7) shows that the longer-ferm variability in central US. SPI is more 3 ||| \J synergistically with cvmospnenc forcing (e.g. 193536, 1955-56, ]
dominant during the early part of the record and occurs at a slightly B | 1976-77,2001-2002).. 2
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Hawe.§: Fincioal sigenmode LFY spectum of 91 for B e s Haseisonn) e
mosiure product (1950-2000). Dashed
(PCUS. e ngm{zg""s"g’n':ﬁc":n"c’: ) aased line indicates stafistical significance at the 95% level.

2. Description of Soil Moisture and Vegetation Datasets
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Figure 2: Cimotological May NDVI unifiess] derived from AVHRR A4
sofellte dota.
Figure 1: Climatological May soil moisture (unitless value as a fraction of -
saturation) from VIC model simulations. il i
" ¢

Soil moisture data is from a long-ferm integration of the Variable Vegetafion greenness is defined using the Nomaized

Infitration Capacity (VIC) hydrologic model over the North Difference Vegetation Index (NDVI), available from GIMMS-

American Land Data Assimiafion System (NLDAS) domain at NDVI dafa from 1981-present at 8 km resolution (Tucker et a.

one-eighth degree resolution. 2005). NDVI can be used fo derive leaf area index (LAI) per
RCM vegetation fype with a fransfer algorithm.

o Vi 115w oile 1w 1w e W B dw e e s

L

ntarannucl Bend SP1 Time Seres

Figure 12: Wavelef spectium of VIC soil moisture [unitiess) for
an area encompassing the Great Plains for the period 1950-
2000,

3. Statistical Analysis Methods

Higure 1: Soofcl patter (top) and fime seres o) of
in-phase VIC sol moisture anomalies in the interannual
band (unitiess) releraneea o e conmal U3, tr e period
MIM-SVD Analysis: Allows for the defection and Wavelet _Analysis o fime series into 1950-2000.

of quaskoscilatory spafio-temporal climate signals that exhioit fime/requency  space  simultaneously,  providing

episodes of spafially comelaled behavior. Produces: 1) a local information on periodic signals and how these vary in fime
fractional variance (LFV) spectrum of the principal eigenmode: (Torrence and Compo 1998). Used here fo confirm M-
2) statistical confidence intervals for the LFV spectrum; and 3) SVD analysis resulls by another method.

reconstructed anomaly patterns comesponding fo the significant

fime-varying modes Rojagopalan et al

reference point for soil moisture and vegetation anomalies is

defined as being in fhe central US. for the present analysi,

Unless ofherwise specified.

Figure 7: Wavelet spectrum of SPI [unilless) for an crea
encompassing the Great Plains for fhe period 1950-2002.

7. Satellite-Derived NDVI

Slgmﬁccm \mercnr\uul variability in AVHRR GIMMS-NDVI occurs on
seven years (Fig. 13]. Unike soil mosture,
Figue &: Spatial paten (fop) and fime series (ooftom) of in-phase anctenn soreioity i veqeionon heannots o mesmom n e
SPIin the interannual band (unitless) referenced to the central U.S. southeast US. and does not comespond well with
for he period 1950-2002. variabity (Fig. 14). The liely reason for fhis s because vegefation
growth i influenced by factors ofher fhan precipitafion in fhis
area. The surface temperaiure and avaiabilty of suniight, ond
not moisture availabilly, may be the more dominant factors.
Variability in vegetation greenness in the core monsoon region
indicates a dependence on summer rainfall, especially west of
the continental divide. We note there is a problem with NDVI
data for 1994, which affect the NDVI time-series and wavelet
analysis in Figs. 14 and 15, Also, the wavelef analyss is shown for
the southeast US. nstead of the central US. in is case.
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Figure 13: Principal eigenmode LFV spectrum of AVHRR

GIMMSNDVI (19812002). Dashed line indicates stafisfical
sgnificance af fhe 95% evel,

5. SPI Cold vs. Warm Season
4. Dominant Spatiotemporal Modes of Global SST

Local Frastisnsl Variencs

Interonnual Band SPI Paltern: Worm Season

interannugl Band SPI Patiern: Cold Season
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Figure 3: Principol eigenmode LFV specirum of boreal summer
global ST for 19502000 Dashed fine indicates stafistical
significance of fhe 99% level. From Casiro ef al. (2006).

Figure 8: Same as Fig. 6 considering only the cold season
(september o May).

Figure 9: Same os Fig. 6 considering only he warm season

Figure 4 In-phase normalized SSTA associated with inferannuol {June fo August]

and interdecadal bands, referenced fo fhe eastern fropical
Pacific. Volues greater fless) than 1 [-1) shaded dork (light).
Contour interval 0.25 unifs. From Castro et al. (2006).

Fownry (el

A similor analysis of SPI in the interannual band considefing fofal preciitation of the cold season (Fig. 8; Sepfember to May) and warm season (Fig
9; June to August) separately reveals several additional imprtant features of inferannual precipitation variabilty. The cold season SPI pattern mirors
ihat foral secsons (g, 6. indcaling it winfe preciofation s kely more important han summer precipilalion i defermining crought condiions
on inferannual fimescales. Central U.S malies interannual variabilty vary in the same way throughout
T seen Tectore e dimete axtemes e Teion aro very sensiive 1o 1ne rge scale almospnare forcing provided by Paciic s5To. Toe most
dramatic seasonal shiftin the sign of precipitation anomalies associated with interannual variability occurs in the core monsoon region. This reflects
the foct that inferannual variabiity in winfer versus summer precipitation is inversely related in fhis region. Therefore. a wef (dry) winter tends o be
followed by a diry (wet) monsoon

Two stafistically significant spatiotemporal modes of global SST are related to ENSO and ENSO-like decadal variabilty in the Pacific, at
fime scales of 3-4 years and about 22 years, respectively. The pattems shown here are for boreal summer, as this s the season that i of
inferest in our present wark. These SST patters are related fo disfinct atmospheric teleconnections in both wam and cold seasons, as
shown for example on our companion poster and Castro et al. (2006). We therefore expect a priori that fhe stafistically significant
patterns of rainfall, soil moisture. and vegefation greenness would reflect the combination of SST forcing from both of these modes.

Figure 15: Wovelet spectium of AVHRR GIMMS-NDVI (unitless) for
an area encompassing the southeast US. for fhe period 1950-
2000,

Figure 14: Spatial pattem (iop) and fime series (botiom) of in-

phase AVHRR GIMMS-NDVI in the inferannual band (unifless)

referenced fo the central Us. for fhe period 1950-2000.
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