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Outlook. An analysis of historical dlods and forecasted neutral state of ENSO and recaniations
seasonal strearofys during years with neutral El Nifio- of the North Rcific climate preide a basis for
Southern Oscillation (ENSO) conditions in the tropicalestimating probabilities of streamfls net year that
Pacific and “ngative” states of the North &ific  are signiftantly diferent from random chance in nyan
Oscillation (NPO) in the North @ific—like those rivers of the conterminous United States. In this report,
expected ngt year—indicates that (1) chances ofing  therefore, the probabilities that United States
maximum-daily fows net year that are near the long- streamfbws from December 2000 through July 2001
term averages in manrivers are enhanced, especially in will be in upper middle, and lwer thirds (terciles) of
the western states, (2) chances ofifg nearaverage  historical fows are reported based on yioeis years in
seasonalazéerage fbws also may be enhanced across thevhich neameutral ENSO conditions folleed warm
country and (3) locally chances of lge fbods and ocean temperatures in the central Nortcifc like
winterseason fws may be enhanced in th&treme those obserd in the last f& yearsThe relatvely slaw,
Northwest, chances of @ winter fbws may be orderly eolution of El Nifio-Southern Oscillation and
diminished in ners in and aroundVisconsin, and Pacific Decadal Oscillation episodes (Dettinger et al.,
chances of laje spring fhws may be diminished in the 2000), the accentuated dependence of streamifpon
interior southwest and southeastern coastal pliie. ENSO (Cayan et al., 1999), and theected long lags
background, methods, and forecast results that lead tmetween precipitation ancoél encourage us to primle
these statements are detailed beldollowed by a the folloving guidance as to the mostdiy ranges for
summary of the successes amdufes of last yeas' next years river flows.
streamfbw forecast by Dettinger et al. (1999). Approach. Historical daily fow records from

Background. Recent forecasts of ENSO status 1,253 streamaging stations cross the US were used to
in the upcoming year by both statistical and dynamicatompute fbod statistics and “winter” (December
methods are calling for mild avming to a neanormal  March) and “spring” (April-July) seasonalexages for
state of the tropicaldeific by next winter (&xkamples are each streamaging statiors period of record. Seasons
available in the June 2000 Experimental Long-Leadwere defiled in these terms in order to fdientiate
Forecast Bulletin and from the National Centers forbetween winteseason raiml/early-snavmelt runof
Ervironmental Prediction and International Researchand the delayed springtime swoelt runof. The
Institute  for Climate  Prediction, at http:// streamfbw records analyzed are from streagimg
iri.ldeo.columbia.edu/climate/forecasts/sst/). Such-nearstations in the U.S. Geological Sayis Hydroclimatic
normal conditions yield little anomalous forcing of the Data Netvork (Slack and Landwehf992), a netark
extratropical weather systems that bring precipitationof streamgging stations determined to begely free

temperatures, and ultimately streamwnflto the United
States, and historically @ resulted in only small
changes in the probabilities ofanous streamdéiv

from human infliences or station changes. Obaéons
between 1988 and (as recently as) 1998ehbeen
compiled and included for the streams analyzed here.

extremes. Recentlythough, the long-term state of the The streamaging stations analyzed here vyide

North Racific climate, as indeed by the NPO (originally

streamfbw series that lggn no later than 1948 and end

described bywalker and Bliss, 1932; also commonly no earlier than 1991.

called the Bcific Decadal Oscillation, PDO, e.g., by

Mantua et al., 1997) haaned in vays that may also be
influencing streamdiv probabilities (Gershumnoet al.,
1999; McCabe and Dettingerl999; http://tope-
www.jpl.nasa.ge/discorer/PDO.html). Together the

In order to estimate streamfl probabilities
conditioned by the forecasted nemutral ENSO
conditions, historical strearofk records were analyzed
to determine the limits of period-of-record upper
middle, and lwer terciles of fhod and seasonalofl
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rates.Then the fraction of years with neaeutral ENSO years NPO sign reficts the concurrent interdecadal
conditions that fell in each streamMl tercile were regime yields a correct forecast of the annwalrage of
compared to the 33% thabwld be &pected if, instead, NPO only 77% of the time since 193Without
the years had been chosen at random. Sites at whitliindsight to guide us and (for wd lacking a better
streamfow records for at least 10 neaeutral ENSO  predictor of NPO status, we note that using NPO’
years and for which the neaeutral-ENSO fractions strong interannual persistence to anticipate that ne
deviated signiftantly from the 33% »g@ected (at 95% years NPO sign will be lik that of the erage of the
confidence lgels; Le, 1998) were judged to mdt previous 1, 2, or 3 yearsverage NPO yields a correct
locally signifcant deiations of the probabilities of estimate 74% of the time (for each of theseraging
streamfbw conditions for net year Then the number of intervals), during the same periothus, little “forecast”
such degiations was compared to the numbers found inskill is lost by simply assuming that xteyears NPO
similar analyses of the streaovfl records when the sign will reflect the serage of the NPO indeover the
chronology of historical ENSO conditions used in thelast two years; this werage is used here and suggests
calculations was randomized 1,000 times; this Monte that the NPO sign meyear is most likly to be ngative
Carlo comparison praded estimates of the eld  (with anomalously wrm SSTs in the western and
significance of the obseed probabilities (lWiezey and  central North Bcific and anomalously cool SSTs along
Chen, 1983)When streamfiw statistics in years with the coast of NortAmerica).
nearneutral ENSO conditions were compared\erall Probabilities that seasonabvis will be in the
historical streaméiw probabilities, the &ld signifcance  upper middle, or lever tercile of their historical
for the “neameutral ENSO” statistics & lav; to  distributions during years with neaeutral ENSO (NN)
obtain greater €ld signifcance, information about the conditions in the tropicaldific and with tve preceding
recent state of the NPO also had to be included in thgears during which the NPO inklevas, on ®erage,
analyses. negative were determined as folls: At 816 sites with
The efect of the NPO on ENSO records that include 10 or more years of record with
teleconnections in the United States has been noted mgutral ENSO and gative NPO (NN/ngative NPO)
Gershung et al. (1999), McCabe and Dettinger (1999),conditions, the historical NN/gative NPO fows were
and Cole and Cook (1998), and mates us to compared to the terciles obf¥ from the entire period of
condition the probability estimates for xteyears record. Streanmging stations at which NN/gative
streamfows by recent NPO statu$his conditioning, NPO flows historically hae occurred in uppemiddle,
however, requires a choice as toviado index or forecast and laver terciles bgond the 33% of occurrences that
next years NPO stateThe NPO (or PDO) is inded in  would be @&pected of a random distribon of flows,
terms of the fist principal component of NorthaBific ~ with 95% confilence, are plotted in the panels of Figs.
sea-suidice temperatures (SSTs), e.g., as in Mantua €t-3 as circles with radii proportional to thevigion of
al. (1997), which has interannual as well as interdecadéhe NN/ngative NPO fow probabilities from 33%.
components. Most attention has focused on the decadBlack dots correspond to anomalously frequent
and interdecadal aspects of this xded, often, it has occurrences and white dots correspond to anomalously
been discussed in terms ofgmmes of North Bcific  rare occurrences. Because the probability patterns are
climate (e.g., Mantua et al., 1997; Gershuret al., much weakr than those generated for the La Nifa/
1999). This focus on mgimes has resulted in more negative NPO conditions during last winter and spring’
attention paid to the question “When will thexhe flows (Dettinger et al.,, 1999), aefi-signifcance test
regime shift occur (or has a gene shift already (described ab@e) was applied, and only those maps
occurred)?” rather than to “What will be the state of thglwith one eception) that yielded did-signifcance
NPO (and thus North&ific SSTs) net year?. The levels of about 90% or greater are wihohere. Details
former question is at the heart of understanding thand a complete listing ofwér-by-river probabilities can
decadal aspects of climate in trecFic/NorthAmerican be found online at http://meteora.ucsd.edu/cap/
sector The latter question, kever, is more pressing nnnpo.html.
here, because the atmosphere and thus Monirican Forecast. The lagest, most &ld-significant
weather responds quickly to the current state of th@robability anomalies associated with NNjatve
SSTs.Thus the state of SSTs in the NorthcRic next NPO streamiiws are for “annual-fiod” series, which
year are more important for anticipatingxhe/ears  consist of the time series of the singlgst daily fows
streamfow than is knwledge of which long-term- from each year of record at each streagigg station.
average “rgime” applies. Decadal NPO giemes are Anomalous probabilities of annualofids in upper
interrupted by short-termversals often enough so that, middle, and laver terciles of the historical record are
even with the adantage of perfect hindsight, avgh  shown in Fig. 1. Notably probabilities of middle-tercile



floods are enhanced at a number of sites across
the nation (Fig. 1b, with aevy high feld-
significance lgel), with a particular clustering
of enhanced probabilities in westerrveris.
Probabilities of uppetercile flbods are
enhanced in somevsrs in Indiana, lllinois,
and the Ohio Rier drainage, as wells as in
scattered wiers in the gtreme northwest (Fig.
1la). Probabilities of lertercile floods are
reduced in the northwest and enhanced in the
Florida Ranhandle rgion (Fig. 1c, bt with a
modest #&ld-signifcance lgel).
‘ ‘ ‘ 2 ﬁ%? ‘ Anomalous probabilities of seasonal
135°W  120'W  105°W  90'W  75W  60°W flows historically hae been less conditioned
b) Anomalous Probabilities for MIDDLE-TERCILE Maximum Daily Flows by NN/ngative NPO yearsThe anomalous
probabilities for wintefaverage fbw rates
(spanning December to March) are illustrated
in Figure 2, for uppetercile fows (2a, with a
high field-signifcance lgel) and for middle-
tercile fows (2b, with a small 6ld-
significance lgel but shavn here to illustrate
the tendeng for enhancement of middle-
%) Field 51g>99.9% tercile  probabilities in all seasons).
A~ Probabilities of uppetercile winter fows are
2 . .
w w T enhanced in man rivers of the gtreme
135W  120W  105W  90°W  7SW  60'W northwest and are reduced invais in
¢) Anomalous Probabilities for LOWER-TERCILE Maximum Daily Flows Wisconsin and the upper central Mississippi
Valley. As with the annual-flod series, there is
a broad, almost nationwide tendgndor

a) Anomalous Probabilities of Maximum Daily Flows in UPPER TERCILE
during OCTOBER-SEPTEMBER of a No-Nino/Negative-NPO Year

45°N

@+30%
30°N 4O -20%

* +10% ) Field sig: 97%

45°N

30°N

45°N enhancement  of middle-tercile off
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Figure 1. --Anomalous prbabilities of occurence of a maximum-daily/ N . .
(agnual fbod) during OCF::)ber 2000 to September 2001 that is amor):)g the (a prlngtlm(_e fows in SOUthea.Stem CO?SIa!E”S
upper tecile, (b) middle tecile, and (c) lower tagile of historical maximum- nd interior SOUthwefSt (F'g'_ 3a) imply less
daily flows at rives in the conterminous United States, based on historical ch@nce of tremely high spring éws there.
flows during yeas with neutal ENSO and rgative NPO states. Blaalots As with the annualflod series and winter
indicate rives with anomalously high pbabilities of occurence (bgond flows, enhanced probabilities of middle-tercile
two-tailed 95% confience intervals); white dots indicate rigawith spring fows are relatiely common across the
anomalously low mbabilities (bgond 95% condience intervals); dots ar Nation (Fig. 3b), with a particular
scaled so that theadii are proportional to the pobability in excess of 33% concentration in north coastal California and in
and small cosses indicate riverthat do not déate flom 33% by mer than rivers around Des MoinesThe historical
the 95% conflence bounds. influences of NN/ngative NPO conditions on
the probabilities of lawerterciles seasonal
flows in winter and spring were not strong
enough to praide ary statistical confience in
predictions of lav flows; this does not mean
that such fiws are unlilely, only that thg are
not unusually unlikly.




a) Anomalous Probabilities of Seasonal Flows in UPPER TERCILE
during DECEMBER-MARCH of a No-Nino/Negative-NPO Year
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b) Anomalous Probabilities of Seasonal Flows in MIDDLE TERCILE
during DECEMBER-MARCH of a No-Nino/Negative-NPO Year
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Figure 2. -- Samé asigfure 1é1 and 1b,>€éept for seésonal-meémﬂs durng Decembeéviarch.

Overall, streamfiw probabilities associated (Figs. 4a and 4b) during the winter and spring of 2000
with the forecasted NN/gative NPO conditions m¢  deviated markdly from the canonical La Nifia pattern
year are much less anomalous than those that wetkat was projected by Dettinger et al. (1999). On the
associated with strong La Nifia conditions this yeamest coast, precipitationas centered toaaf south to
(Dettinger et al., 1999). Consequentlas noted form the eapected “northwest wet/southwest dry”
previously, the primary insight from the historical pattern that is usually associated with La Nifias
record concerning meé years flows is that (1) chances (Dettinger et al., 1998);afther east, the north-central
of middle-tercile fbods in maw rivers are enhanced, states were wetter thanowld hare been epected and
especially in the western states, (2) chances of middldhe Appalachian Mountains drier Perhaps as
tercile seasonalvarage fbws may also be enhanced importantly though, temperatures were generally
across the countnand (3) locally chances of upper warmer than usually euld be &pected of a La Nifia
and lovertercile flows in rivers of the etreme year and this had important implications for smpack
northwest, southeast, and elbere (as indicated inxe  development and runbtiming in mary areas. Oerall,
and fgures) may be enhancéthe enhanced chances of the winterstreamfbw patterns anticipated by Dettinger
middle-tercile fows are compensated by probabilities et al. (1999) underpredictedfis at more sites than it
reductions that are shared by both upper amebdo correctly predicted the tercile for seasonawfland
terciles, and thus the changes eefla narrverthan-  overpredicted at about as nyamites as it correctly
climatological probability distribtion rather than a shift predicted. Specitally, during winter 2000, higherdivs
of the distrilutions in one direction or the othéthe  (upper and middle-terciles) occurred at 83 streams
tests applied here prigle reasonable counénce lgels  where lavertercile fows were projected; uppeand
but, for the most part, the actual probabilities changetower-tercile flow forecasts were accurate at 53
are neither lage in magnitude nor lge in spatial etent.  stream@ging stations; and \eer flows occurred at 46

Retrospectve View of Winter-Spring 2000  sites where uppeercile fows were gpected (Fig. 4c).
Streamflow Patterns: Weather and strearofll patterns  These erification statistics are based on a subset of 592



a) Anomalous Probabilities of Seasonal Flows in UPPER TERCILE
during APRIL-JULY of a No-Nino/Negative-NPO Year
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b) Anomalous Probabilities of Seasonal Flows in MIDDLE TERCILE
during APRIL-JULY of a No-Nino/Negative-NPO Year
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Figure 3. -- Same asigure 1a and 1b,>xept for seasonal-meamds duringApril-July.

forecasted sites for which wintlow obserations
could be obtained at the time of this writing, andecf

obsenations from the February 17-March 31 period (http://enso.unl.edu/monitor/monitbtml).

when thg were a&ailable. Also, since middle-tercile
flows were not eplicitly considered in Dettinger et al.
(1999), sites where middle-tercileofls would hae
been gpected to be most ity are not included in this
verification. Between restrictions of therfication by
the limited &ailability of streamfbw data a fer months

flows anticipated for the upper Mississippi basin,
southwest, and southeast hadreleped as xpected
Conse-
quently for the sites with 8w data &ailable to us from
April 1 - June 13, 2000, the number of correctly
anticipated terciles as better in the spring, with 95
correctly anticipated terciles compared to 45
underpredictions and 74serpredictions. Primary areas
where the spring-élv projections in Dettinger et al.

old, and by limitation to sites with strong probability (1999) erred are in thexeeme Northwest and Southeast

anomalies and to sites where either uppmerlower-
tercile flows were most ligly, the number of erification

where fobws hare been higher thanxpected, and in
eastern Texas, other Northwestern vars, in the

sites vas reduced to 182 in winter and 213 in spring.Carolinas and Ne England, and in lllinois and Indiana

Due to the southard shift of precipitation (relate to
other La Nifia years) and, in part, t@ann conditions
that resulted in earlier rurfsf mary of the rvers in the
northwest were underpredicted/etter than epected
conditions also prailed inWisconsin and neighboring
areas and in northern WeEngland (Fig 4c).

By spring 2000, tiws along the northwest
coast were less thanxmected (due to small winter
snavpacks), bt in the interior west, strearmails
reflected some of the xpected “northwest wet/
southwest dry” La Nifia pattern (Fig. 4BJso, the lav

where fows were w@erpredicted, and i\ppalachian
rivers where the xpected La Nifla wetness e
occurred (Fig. 4d). Qarall, the La Nifia-based
streamfbw patterns anticipated for this year were
realized at moreaging stations in more areas in spring
2000 than in winterbut were not as successful as the
historical reliability of La Nifia fiw patterns wuld hare
suggested. Notahlynclusion of recent NPO status in
the Dettinger et al. (1999) projection®wid not hae
changed those projections.



a) Observed Flow Terciles, Winter:
Feb 17-March 31, 2000

c) Verification, Winter:
Feb 17-March 31, 2000
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b) Observed Flow Terciles, Spring: d) Verification, Spring:
April 1-July 31, 2000 April 1-July 31, 2000
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Fig . 4 -- Observed seasonabil teciles for (a) winter 2000 and (b) spring 2000, and comparisons of obseovetkttiles with
terciles indicated being as mostdily by Dettingr et al. (1999) for (c) winter 2000 and (d) spring 2000. Observations aexil-
able betweenébruary 17 anduly 31, 2000. Only sites that veeexpected to yield uppeor lowertercile flows ae compaged
here, in panels (c) and (dYhe “observed taiiles” are based on teiles of historical fhws in the Ebruary 17-Mach 31 andApril
1-duly 31 periods. Plus (‘+') symbols in panels (c) and (d) indicate sitesenDettingr et al. (1999) called for middle-wte
flows or whee the lagest anomalous pbabilities eported thez wee less than 10%.
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