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lntroduction The record of daily flou s ( 1938 - 1996) at Happ) 
Isles in Yosemite Xational Park provides a 

A spring runoff pulse that makes the transition c o n ~ e n i e n t  histor>- from which we identified the 
from low streamflow conditions in lvinter to the spring pulse.. On a\.erage. the pulse at  Happ? 
high streamflo\\ conditions in the later spring- Isles occurs in mid-.April. but it varies 
earl? summer period is identified in the blerced considerabl~- as earl> as mid-March and as 
River record from the Sierra S e ~ a d a .  The timing late as mid-Ma?. ,Also superimposed on the 
of the pulse is delahed with greater seasonal spring rise in streamtlo\v are several day-long 
accun~ulation of sno\\ pack in the Yosemiti. peaks and troughs in the streamflou. that are the 
region. Also. the runoff pulse is triggered by a sub.ject of companion studies aimed at modeling 
regional weather fluctuation that establishes a (Peterson et al.. 1998) and prediction (Dettinger. 
warm high pressure ridge o \ e r  the California s t  al.. 1998). 
region during the spring (mid-\larch to mid-
Ma!) period. This ridge often blankets the entire The marked i n c r ~ a s e  in the flow o\.er what 
\\estern United States. and it is found that 3 \\auld be e\pected from climatological sprinz 
sin~ultaneous p~ilsc' occurs ober a brad condition, is the composite streamflou of the 
collection of high-sle\ation S ~ ~ S H I T I Sin the l l s r ie i i  I-lapp?. Isles record corresponding to its 
I-??ion. ,pring pulse period. from the initial da> through 

1') ;la! ilater The composite is constructed ti-om 
a\  er:iging 43 cases of  Happh Isles blerced Ri\ er 

1 .  lntroduction piiI\;c episodes. In comparison is shomn the 
ciimatological mean \'lerced streamflow o l e r  the 

Sno\\melt runoff from the Sierra S e \ a &  a m s  i Z  years. but for the fixed period of  .April 
constitutes a large component of the Caliti>~-nia 19 to \la> 6 \vhicIi is centered during the o ~ s r a l i  
ua te r  suppl! and contributes greatl! to the a\erage period of the spring pulse. .4 one tailed 
fresh\\ater budget associated ni th  the Sail t-test indicates that the rise in s t r e a m f l o ~  during 
Francisco B e  s>stcln. Just about e\ery !ear the pulse period is greater than climatological 
there is one p~l i s s  of \no\\melt runoff' i t rmni lo \ \  at a high Ie\el of confidence (95'0 
(streanitlo\\ ,  that marks the transition of the cont?dmce). It is not uncommon for the flow to 
Sierra climate ti-om \\inter to spring. Till-es increase three- or four-fold over the 70 da> s after 
examples during the earl! 1980's from Ilsrced :lie pulse begins: the tlon during the pulse period 
R i ~ e r  h!drographs shou a \er! late spring p u i ~ e  ~rsaclies \slues tu ice  that expected b! 
( 1983). a \ er! earl! spring pulse ( 1985). and a cIitnatolog\ 
fairl! aLerage time of the spring pulse ( 1980). 

Rut \ihat causes it. and \ \h> is it so sudden? 
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2. Two Influences: Seasonal no\\ 
accumulation and Spring s! noptic 
neather patterns 

To get at the origin of  the spring runoff pulses. 
\ \ e  examined the histor> of the pulse times o \ e r  
the 48->ear Happ! Isles record (1918-1995) in 
\r.osemite ra t iona l  Park in association \\ ith 
\ariorrs climate and neather  conditions. 

First. the Xlerced Ri\er H a p p  Isles record 
sho\\s that the pulse comes earlier in !ears \vith 
lo\\. discharge (light sno\\pack) and later in >ears 
1%ith high discharge (heal > snoupack) .  This 
ma! result froni t \ \o  effects: ( I ) the hea\ ier tlit 
total annual f lon.  the more likel! that there is a 
long ~vinter: and ( 2 ) the greater the sno\\pack. 
the longer the period of heating thar is rsquil-ed 
to bring it  to the melting statz. Interestingl>. the 
record sho\ \s  a subtle trend tonard the pulse 
occurring earlier. amounting to an adLance of 
about 7 d a > s  o\.er the 46 bears since 1948. 
Studies b> Roos ( 198-. I99 1 ) and \\.ah1 ( 1992 1 

ha \e  documented this trend: Aguado et al. 
(1992) and Dettinger and C a ~ a n  (1995) ha \?  
shown that the trend is tiom multiple factors but 
sspeciall> from anner inters > ielding zarlier 
runoff in the Sierras. Dettinger and Cahan 
(1995) s h o u  that this trend is most pronounced 
in middie eie\ation s n m - f e d  catchments. noting 
that the high e lan t ion  I lsrced basin contain, 
somi. of  this signal. Also. \ \h i l t  there is n ~ > t  a 
useful link to El Kino !ears. there i j  a suggi.~t:on 
that the springs folIo\\iiig the mature phasi. 1.2 

Siria e \  ents rend to ha\ e rhe p ~ ~ l s e  dela? ed from 
the cli~iiatological timing. 

fHo\i e \  er. theri. is also a 1)n o p i c  \\ c1:lie: 
iniliience. Gi\i 'n the time ol' the pulse :i)r e ~ c i :  
>ear .  \\ e cornposited c a\ sra2i.d I the -i)O-:lii. 
heigiit anomalies anii Jail! I I I ~ ! \ ~ I T ~ L I ~ ? I  

tenipi'rature o\ er a sequence :i-ox 5-iln! s-hi.lo!-e 
through 5-dqs-af ter  the i ~ i i r i ~ ~ l  of thi. p:ilhi. 
For bri.\it>. \ \ e  \ \ i l l  shwi the -00 mb Iieig!~: anti 

rsrnperat~~re~ n a \ i n i u ~ i i  snomalies mi! l'oi- ..>L, 

third da! afier the onszt of'tlie pulse. The -00-
mb height is a good tncasurz of atmosplier!c 
cil-culation (speed mid dlri.ction of the \\in&. 
about 3 kin a b w e  sea le\i.l) and prwidel; 3 

histor! that co\ ers the period since \\ orlJ \i.ar 
1 1 .  The composite sequence of  '00-lnb height 
anomai! maps clearl! sho\i that in man! cases. 
the pulse is triggered b> an orderl! atmospheric 
pattern: a cool. \\st period \\it11 ;i :rougii 
(negat i \e  -00-mb height anoma1ii.s) ,:iong ~ i i e  
\i'est Coast preceding the spring pulse ~ : i o \ e l  

ii!:.o;i~i:. a:id is s i ~ ~ ~ i . e d t dthe de\elopment of b! 
L: 
 stro::? ridge of  high pressure (positi\e 700-mb 
,,.,,(.,:,.;Jt monia l ies~  that blankets the nes tem 
i ::ired States. This high PI-essure ridge produces 
\\arm air and probabl! makes cloud-free skies- 
elements conduci\e to melting the \\inter 
>no\\pack. The companion set of maps of 
compojite dail? ~iiasinlum temperature 
momalies reinforce the p i c t ~ ~ r e  of  a cool pattern 
o \ e r  the \\.?st e \o l \  ing into a \\-arm pattern. 
. e r a  a maximum temperatures are 
appro\imatel> 3 deg C a b o ~ e  the long-term 
a\  erage in Sorthem California. 

3. The spring pulse as a I\ estern U.S. 
phenomenon 

Bssmse  the atmospheric pattern that d r i i es  the 
runoff pulse covers a broad region. could it be 
that the Happ? Isles record provides an indes of 
\pring high ele\ ation snou melt o\ er a much 
broader region? 

. In important feature of  the 700-~nb  circulation 

.liiil temperature anomal? maps described abol-e. 
is thar the). co\er  a large region. much broader 
than the Ilerced Ri\ er basin. or indeed the entire 
Sierra S e l a d a .  [,sing the Happ! Isles Spring 
pulse record. a large set of 344 streamflo\\ 
records from rh? L-SGS streamflo\\ H C D S  
! i ~ \ ~ o r i c a lclimate set (Slack and Land\\.ehr. 
1932) \ \ as  interrogated. After in\.esrigating the 
~inil! li>drographs from a \ arier! of  regions. \ \ e  
~011~iciert.dan index designed to measure tiis 
b&n\ ioi- of the \\ es:ern r r t a m s  in asociat ion 

. . 
\\I:I: ;lie Happ! illes pulse froni its inception 117 

.\!Ii r z  ~ ~ ~ ~ n p i e t i o n .initial inlestigation of  rhe 
. .

: : ~ ~ e : : ~ : ~ , ?JT' ~ y n g  !i>drographs for otlie: 
\i.i:c:.d .trzani.; (not siio\\n) indicates that other 
i 
: .  , 

< i i . \  x ion natersheds in the Rock! 
\ I ~ ? : I I ? I ~ ~ I : \  :ire >urging nbo\s  climatologiccli 
. , 
! < \ < I ,  1:: riie jame time as the Zlercsd Ri\er 
,y:!llg ?L!l>i.. 

1. Conclusions 

I lich t ie \  ation Sierra runoff. as indicated b> the 
\li.rcsd R i ~ e r  H a p p  Isles stream gage record in 
1-osemirc. Xational Park. usuall! undergoes a 
i'iilse of high flon in spring that marks the 
11-ansirion from lo\\ \\ inter tlou to high 
\pring earl! summer i?o\\. This pulse iias 
<ansidi.rabl> larger flo\\s than \vould be 
i.\psited from the increase in cl~matological 



mean i lou in spring. and it iisuali! has a niuc!: 
h a r p s r  rise. Because of this abrupt onset of the 
spring pulse. it uould he \er! \aluabls TO 

understand and predict the character of the p i s f  
in a g i ~ e n  >ear .  Both s e a s o ~ ~ a l  snou 
acci~mulation (late fall through spring). and 
spring atmospheric circulation pla! an important 
role in the timing of  the spring pulse. Lsuall!. a 
largsr accuniulared sno\\pach produces a later 
spring pulse. Ths spring \\eathr.r pattsrn that 
triggers the pulse features a strong \\sstern high 
pressure ridge: this atmosphsric forcing produces 
\\ idespread \\arming pres~imabl> becauss o!  
strong solar heating of the sno\\pack. 
Importantly. there is an o ~ e r a l i  coherent partern 
of  spring pulse OL-er the high els\ation 
watersheds in ths \\ est. Inspection of thi. 
\ ~ e s t e r n  L.S.  stream gags dataset indicates that 
ths Happh Islss record p r o ~ i d s s  an indel  of the 
spring pulse over a much broader rsgion of rhs 
high elevations including tht. Sierras and the 
Rock>. \lountains. Thus. the l lerced H a p p  
Isles gage p r o ~ i d e s  a conLenient i n d n  uf a 
\\ idespread \testern L .S .  ipring runotf pulse. 
although it ma! not be ths optimum such indsk. 
\ to rk  to better elucidate this pattern. and to 
idmtit) coherent schemes for predicting tile 
spring pulse. is undsrna! b! I S G S  researciisrs. 
aiorig \\ ith collaborations \\ ith Scr-ipp\ 
Institution of  Ocsanograph!. SO.4.A Cliinnre 
Diagnostics Centsr. and \.AS.\ Goddard Space 
Flight Cttntsr. 
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