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Abstract

The phase and severity of the El Nifio/ Southern Oscillation (ENSQ) is major factor
controlling temperature and precipitation variability in the state of Montana. This paper will use






(NOAA 2017).
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Figure 1

When these average anomalies are greater than 0.5° C, it indicates the El Nifio phase of
ENSO, and when average anomalies are -0.5° C or less it indicates the La Nifia phase of ENSO.
The El Nifio phase of ENSO tends to bring warmer and drier conditions during winters in
Montana when compared to neutral or La Nifia phase winters (Nigam 2021). The strongest
recorded El Nifio event in recent history was during the early winter of 2015-2016, over the
months of November, December, and January the mean sea surface temperature anomalies was
measured to be 2.6 C. Even with the strongest El Nifio in recent history, many parts of the state
of Montana saw increases in snowfall from the previous weak El Nifio season. This demonstrates
the need to use a large set of historical data to identify the long-term patterns and relationships
associated with ENSO and Montana snowfall.

SNOTEL and SWE

The SNOTEL program is managed by the USDA’s Natural Resources Conservation
Service (NRCS) and has 900 remote monitoring sites across the country measuring
meteorological data, snow depth, and snow-water equivalent (SWE). Snow water equivalent is a
measure of the amount of water contained within snow, SWE is preferred as snow depth cannot
quantify the type of snow that is present, nor the water contained within. Many of the 96 sites
within Montana have SWE data dating back to the 1970’s making it ideal for measuring long
term patterns. The April 1* SWE reading has been used as a measurement of how much total
runoff from snow can be anticipated in the following summer’s warmer temperatures (Serreze
1999).

Hypothesis

With the year-to-year difference in snowfall throughout different mountain ranges and
watersheds in Montana, I expect to see a statistical difference in how the ENSO cycle effects
SWE within each region of Montana. If there is no consistent geographic pattern in the way that
ENSO cycle effects April 1¥ SWE readings, then there should be no significant difference
between watersheds.

Methods

To begin the first part of this analysis, SNOTEL SWE data on April 1* was collected
from all SNOTEL sites dating back to 1964. These April 1¥ SWE were then averaged for each
site to compare the year-to-year data to the average since 1964. Sites were sorted into watershed
groups based off of the USDA’s grouping of SNOTEL watersheds: Flathead River, Kootenai
River, Upper Clark Fork River, Bitterroot, Jefferson, Madison, Gallatin, Upper Yellowstone,
Smith/Judith/Musselshell Rivers (SIM) , and Sun/Teton/Marias Rivers (STM). Milk and St.
Mary’s watersheds were not included because there were only one and two sites respectively. El
Niiio phase and severity were then averaged to sort the beginning of each water year (Oct-May)



of data into five categories, La Nifia (-1.0 or greater), Weak La Nifia (-.5 to -.99), Neutral (-.5 to
.5), Weak El Niiio (.5 to .99), El Nifio (1.0 or greater).

Each group’s deviation from each site’s long-term average anomaly were then
plugged into an ANOVA test to see if there was a difference throughout all watersheds. Then a
Tukey HSD was used to compare the April 1¥ SWE readings to see the effect of each phase and
severity of ENSO on each watershed group of SNOTEL sites.

Results

After running a single factor ANOVA on each phase of the ENSO cycle there was a
significant difference in average SWE on April 1% between watersheds. As the phase changes.
the watershed combinations that are significantly different change as well. The general trend is
that the NW Kootenai and Flathead watersheds are found to be significantly different to the
South-Central Jefferson and Upper Yellowstone basins in more phases than any other.

Figure 2

La Nina

The La Nifa phase saw significant differences between multiple watersheds. While all
basins saw significant increases in SWE on April first in these years, the change in average SWE
in the Kootenai watershed was found to be significantly different than the Upper Yellowstone,
Jefferson, and the STM basins. The Flathead watershed was also found to be significantly
different than both the Jefferson and SIM basins (Table 2).

All watersheds saw increased SWE on average on the April 1¥ readings during the La
Nifia phase (Table 1). This is consistent with expected increases in precipitation and cooler
temperatures during the La Nifia Phase of the ENSO cycle.
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Table 1



ANOVA: Single Factor

DESCRIPTION Alpha 0.05
Group Count Sum Mean  Variance S StdEr  Lower Upper

Kootenai 6 38.35201 6.392002 1228436 6142179 091197 4576771 8207233

Flathead 12 59.13539 4.927949 2.107576 23.18334 064486 3644387 6.211511

Upper Clal 14 4391621 3.136872 8467994 110.0839 0.597024 1.948525 4.32522

Bitterroot 3 1227109 4.090364 4411525 8.82305 128972 1.52324 6.657487

Jefferson 13 18.0453  1.3881 2771414 33.25697 0.619562 0.154893 2.621306

Madison 10 33.84953 3.384953 5.552972 49.97675 0.706409 1.978881 4.791025

Galllitin 7 2113679 3.019541 1587848 9.527089 0.84432 1.338964 4.700118

Upper Yell 13 3168199 2437076 6.795345 8154414 0619562 1.20387 3.670283

SM 6 77261 1287683 0.694345 3471724 091197 052755 3.102914

SM 5 1617742 3.235485 323297 1293188 0.999013 1.246999 522397

ANOVA

Sources S ar M F Pvalue  Efasq HRWSE OmegaSq
X g T912708

Within Gro 394.2207 79 4990135

Total 566.3105 88 6435346

Table 2



TUKEY HEOKHEAVER alpha 0s

ooup | mean T = T qom
Kootena 6352002 6 6142779
Hathead 442949 2 231834
Upper Clar 3.1368/2 4 100E
Bitterroot 4. 08U564 3 HHL
Jetierson 13881 B 332568/
Madson 33844953 W 44949/6/5
(alitin 3018541 {952
Upper Yell 2437076 13 8154414
aSM 1281643 b 3401724
S 3235485 5 1293188

£ 0 T 79 I6AE33

¢ 3 y i 0948% L% I ;
Kootena UpperCla 325513 0770755 4223299 029392 6804175 0.100086 3549045 1457177
Koolena Biterroot 2301639 1.11693 2060682 -284142 74446453 09044596 5143000 1030541
Koolena Jefierson  HUOUSYUZ U//Ub58 6418568 141414 8593664 DUDUE 3589062 2240024
Koolenan Madson 300/049 0815691 3666b0/ /4891 6./63005 UZZAR 350956 1346142
Koolenar Galiin 33724671 08/8/9 34375492 06740/ (418995 0186360 4046534 1.509/U01
Koolenar Upper Yell 39544926 UL//9088 HU/3U33 036b164 /544688 0019362 3589762 1.//0444
Koolena SM SAM31Y U9NYF 559/ US06UE. 9303606 DO0EULT 41949287 2284976
Koolena SIM 3156518 U856482 330032 124013 1560067 0379624 4404249 1413052
Hathead Upper Cla 1./90/7 0621403 2867312 -10/MUS 4652408 0b/5500 2861332 U8U/Hb
Hathead Biiterroot 0837585 1019613 0821474 -38b/3b b5H331 USHSHE 469494b  03/486
Hathead Jefferson 3539849 063233/ HH9HU3Y UBA168 6451531 QU0EINE 2911681 1584633
Fathead Madison 1542996 0676335 2281408 -157128 465727 0837772 3114274 0690731
Hathead Galtin 1908408 U/51239 2540346 -1.55077 H36/589 0735464 3459181 U8H43M
Flathead UpperYell 2490872 0632337 3939151 042081 5402554 0.159558 2911681 1.115053
SM 3640266 U./89789 4609161 DOUSLS 7276950 00449646 3636689 1624585
Hathead SIM 1692464 UBAU/YS 2012434 -21/909 5564015 0916189 3871551 U.r5/641
Upper ClarBiterroot 04963491 1004942 0948803  -36/39 556088 09989607 462369 0426436
Upper ClarJetierson  1./48//72 UBUE39/ 284391 -10bX7 45501219 054345 2600447 U804/
Upper ClarMadison 0248081 UBb4008 037934 -2 /6338 3200546 1 301465 01110S
UpperClaGalliin -~ 0117331 U/G1AE 016463 -3.24959 346451 1 336642 Ulbbh24
Upper Clar Upper Yell UG99/9% UBUE39/ 115028 -210160 3501242 099181 2600447 031367
Upper Clar 5SM 1849189 U/AU/Sh 2399191 -16959606 bH38854  U/9408 354904b UH2/ 199
Upper Clai SIM U098612 UHZ941 01198 -3690/3 3867956 1 3./89343 0044144
Bitterroot Jefierson 2 /02264 101174 26/U808 195643 7360954 U6/65U3 465069 1196453
Bitterroot Madison 0705411 1.039806 0678406 -4.08251 5493334 0999976 4.787924 0315781
Bitteroot Galltin 100823 1080013 05684 394828 6UGYHS 0999479 H019108 047936
Bitterroot Upper Yell 1653267 1.01174 1634103 -3.0054 6311977 0976603 4.65869 0740103
Bitterroot 5M 280268 111693 250820 234030 845035 U./48858 514300 1254630
Bitterroot SIM UEb48r9 1153661 U/40/8 4456085 bb6hU3 U999d9h 5311724 038691
Jefferson Madison 1996853 U6bMUE 3005472 -1.06249 HU56198 0515901 3064345 (LHY3902
Jefterson Galliin 1631441 U/40b18 205108 -1./7830 504153 0863493 3408612 0/3030
Jefterson  Upper Yell 1.0489// U619562 169309 -180368 390183 09/UF0L 2oakdbd U46dh8
Jeflerson  5M 000477 U/ 9658 0128806 -348935 3690179 1 3589762 U442
Jetlerson  SIM 1847380 UHTLA 220414 -198012 Lb/4dsy Udb/od3 382150 UH20442
Madson Galiin  036b412 0/78420 0469420 -3218490 3949/72 0999999 358436 0163609
Madison  Upper Yell US4/8/7 0664406 14266063 211147 4007221 0890911 3059345 042435
Madison SM 209720 0815691 251158 -1.65869 HH5ELG U/21902 37564800 UH50054
Madison  SIM 0.149468 0.865171 0172762 -3.83432 4.133262 1 3983793 0.06691
Galin ~ Upper Yell 0552464 0L/40518 O./dbbbd -282/3b 394941 099991/ 3409612 0260043
Galifin  SM 1731858 0.878796 1970716 -2.31468 5778391 0925717 4046534 0775275

Galiin  SIM U2758944 US244906 0223534/6 40424 4474598 1 425854 U.0496668
Upper Yell SM 11493493 O/ /96498 14043471 224400870 4./3905 09802 3589762 UH14532
Upper Yell S5IM UM96408 UH3TZY 0960515 SUAN 4629913 099dbEh 3820006 U352
aM SiM 1947801 08642 20064 245645 635200 0910554 4404249 UH/19%44
Weak La Niiia

During the years of a weak La Nifia there were only 3 comparisons that yielded a
significant difference. The Madison watershed saw an average decrease in SWE during these
years, this made it significantly different from the Flathead and the Upper Clark Fork watersheds
which saw a slight increase. While the Gallatin also saw a decrease in SWE during the weak La
Niiia phase, it was only found to be significantly different from the Upper Clark Fork Basin
(Table 3).

Not all watersheds saw an increase in SWE during the Weak La Nifia phase. While most
watersheds saw increases in SWE from their average, none of which saw their mean increase
more than one SWE anomaly (Table 4). Both the Madison and Gallatin watersheds saw a slight
decrease in average April 1% SWE which highlights how much of an effect the severity of the
ENSO phase can have on Average A in SWE.
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Table 3
ANOVA: Single Factor
DESCRIPTION Alpha 0.05
Group Count Sum Mean  Variance S StdEr  Lower Upper
Kootenai 6 2377305 0.396217 1271736 6.358679 0.301815 -0.20453 0.996966
Flathead 12 9242205 0770184 0.76264 8.389039 0213416 0.345391 1.194977
Upper Clal 14 1392666 0.994762 0.557982 7.253763 0.197584 060148 1.388044
Bitterroot 3 1911091 0.63703 0.167283 0.334566 0426831 -0.21256 1.486617
Jefferson 13 3613902 0277992 0.317826 3.813918 0.205043 -0.13014 0.686121
Madison 10 426057 -0.42606 0673079 6.057708 0.233785 -0.89139 0.039281
Gallatin 7 -160986 -0.22998 0.72484 4.349037 0279427 -0.78616 0.326205
Upper Yell 13 3719765 0286136 0.33744 4.049275 0205043 -0.12199 0.694264
SM 6 19636 0327267 0.04631 023155 0.301815 -0.27348 0.928015
SM 5 0.782195 0.156439 0.585075 2.340299 0.330622 -0.50165 0.814526
ANOVA
Sources S ar M F Pvalue  Efa-sq AWSE OmegaSq
Between ¢ 16.8838 .
Within Gro 43.17784 79 0.546555
Total 60.06165 88 0.682519

Table 4



TUKEYHSDKRAMER alpha 0.05

R R = T
Fooenar 0396217 § 6.358679
Hathead  U.//0184 12 8369039
Upper Clar 0994762 W 1253063
Bitterroot  063/U3 3 0334566
Jefierson 02/ 1442 13 3813918
Madison  -0.42606 10 6057708
Gallatn 0224998 [ 434903/
Upper Yell 0286136 13 4049275
SM V320260 6 UZ31bh
SM 0.156439 5 2340299

Kootenai UpperCIaJ [}593544 025508236492 057601 1773006 0614278 1174552 0609616
Kootenai Bitterroot 0240813 036964/ UBLTAGT 146127 19429 U999983 1702088 U357
Kootenai Jefferson  0.118225 0258007 0458224 -T0698 1306252 0999999 1186027 0.159916
Kootenai Madison 0.8222/4 0264452 ITHE0E 42075 2066303 UA96A67 14308 111243
Kootenai Gallatin 0626197 0290837 2153097 0713 1965393 0879077 133979% 0847021

Kootenai  Upper Yell 0110082 025800/ TUAZ6E62 107795 1296109 T 1188027 0148907
Kootenai SM DUGBYST 030181 TZBAeT 13208 14587 T 1.389749 U093766
Kootenai 5IM 023978 031654/ TUT5/A82 12178 1697359 999939 1457581 032433
Flathead Upper Clai 024578 uzummmm
Hathead Bitterroot 0.1331%4 033744 — U3946 -T42063 ~ THEEH T 1553786 U T80T

Hathead Jefterson 04921491 umznmm&mm
Flathead Madison  1.196241 0223832 5344367 165575 22906 UUTO/T3 TUB06ES  THT8U66
Hathead Gallatn  1.000164 V24862 FU022833 014465 2144975 0139752 1144812 1362568
Hathead Upper Yell 0484048 0204211 "Z3T30T7 047957 TA47665 U667 963617 UGH4T44
Hathead SM 0442917 0261387 TEHEIE 176068 1646475 U970561 1.203558 0599109
Flathead SIM 0613745 027826 2205652 66758 — 189503 UB6Z968 1261260 UE30TIT
Upper Clar Bitterroot  0.35/ /31 0332584 TU756TZ 11737 186916 U998928 1531428 0483883
Upper Clar Jefterson  0./16/6Y9 0201348 “3559646  UZT037 16439 0275723 U9Z7135 096933
Upper ClarMadison 1420818 0216443 5568801 UAZAT78 ZA17459 UOU0RA8 099664 192186
Upper Clar Gallatin 1224742 0241991 5061112 0.110464 23390719 0079858 1.114278 1656638
Upper Clar Upper Yell U./U8E26 0201348351903 U 21851 1635761 U290696 0927135 0958518
Upper Clar SM 066749 025508 2616602 050706 1842047 0701389 1.174552 0902882
Upper Clar 5IM UH38323 0223173078097 UATH/E 2092407 U48T18s 1.54078 1133957
Bitterroot Jefferson 0359038 0334834 1072286 -1.18275 1900625 (0.99805 1541788 048565
Bitterroot Madison 106308/ 034412 308927 UEIE7T TRAT68 U47589T 1503057 1437977
bitterroot Gallatin U6/
bitterroot Upper Yell 0.35089%4
Bitterroot SM 0308764
Bitterroot 5IM 0480541
Jefierson Madison  U./0404Y9 i !

Jefterson Gallatn -~ Ub0749/2 0245073 mmmmﬂmm

Jetierson  Upper Yell D.UU8143 0205043 0039715 U9360T 0952297 T U944T48 U0TT0TS
Jetierson SM 00449274 0258007 ~UTT9098 -T.13875 |23?3U Imm
Jetierson  5IM 0121553 0

Madison Gallatn 0149607/
Madison Upper Yell 0./12142 X

Madison  5M 0753323 02694952 mwmmmm
Madison  5IM 0562496 020632 " TU3TZ 73598 1900927 UITI0E 1318431 0787909
Gallatin -~ Upper Yell 0516116 0245073 2705964 061236 1644589 (0892 1128473 069812
Gallatn ~ 5M U5b24¢ 029083/ TTITE0T3 U 78195 1896487 U936957 1339795 U753756
Gallatin ~ STM 0.386419 0306097 1262409 -102304 1795887 0996296 1405462 052687
Upper Yell 5SM 0041131 025800/ TUTESATE 11469 1229758 1 1186027 UU55635
Upper Yell STM 0129697 0275094 0A71463 -T.13701 1396405 0999999 1266708 0175433
SM 5IM 0110828 031654/ U53966 -128675 1626408 U999997 1457581 UZ3T069

Neutral

When the ENSO was in between weak El Nifios and weak La Nifias there was still a
significant difference between the Jefferson and Flathead watersheds. All watersheds saw an
increase in SWE as opposed to the weak La Niiia phase, but only the Flathead and Jefferson saw
a big enough increase in SWE to be called significant (Table 6).

There were no watersheds that had a decrease in average April 1* SWE when compared
to each site’s average, in fact many of the watersheds showed an increase in SWE greater than
the weak La Nifia phase of ENSO (Tables 3+5).
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Figure 5
Table 5
ANOVA: Single Factor
DESCRIPTION Alpha 0.05

Group Count Sum Mean  Variance S StdEr  Lower Upper
Kootenai 6 2129274 0.354879 0636013 3.180066 0.298674 -0.23962 0.949374
Flathead 12 1643164 1.369303 0934336 102777 0211194 0.948932 1.789675
Upper Clal 14 1006592 0.718995 0.804084 1045309 0.195528 0.329806 1.108183
Jefferson 13 3.589828 0.276141 0.316195 3.794339 0.202909 -0.12774 0.68002
Bitterroot 3 2030495 0676832 0.31067 062134 0422388 -0.16391 1.517575
Madison 10 5490838 0.549084 0423714 3.813429 0231352 0.08859 1.009578
Gallitin 7 3736961 0533852 0.220762 1.32457 0276518 -0.01654 1.084247
Upper Yell 13 652595 0.501996 0.243466 2921591 0202909 0.098116 0.905876
SM 6 3.12804 052134 0.355243 1.776214 0.298674 -0.07316 1.115835
SM 5 8.082654 1616531 1.03032 4.121281 0.327181 0.965294 2267767
ANOVA

Sources S ar M5 F Pvalue  Efasq HRWE OmegasSq
BetweenC 13.74747 9 152683 2.8526371 0.005807 0245273 0595413 0.157785
Within Gro 4228362 79 0.535236
Total 56.02509 88 0.636649

Table 6



TUKEY HELWRAVER alpha Uiy
goup | mean n 3 @ qom
Rookena 0354879 B 3. 180066
Fathead 1.369303 12 10277
Upper Gl 071849 14 1045308
Jetterson  U22/6141 13 3./43349
Bitterroot  U6/6H52 3 0214
Madison 05449084 W 381348
Galitin Uhd5eh { 1.3245¢
Upper Yell 0501959 13 2421591
SM 052134 6 1776214
SiM 1616531 5 4121241

Jefierson  UU/B/38
Bitterroot  0.3214953
Madson  0L194205

Ug9r8f
Ug9dsf
U599y
0999954
599956
0130684
U 426605
U0L348
U832
U244
0339415
uoe31f

Galitn 0178973
Upper Yell 0147117
5M 0166461
SIM 1261662
Upper Clai 0650308
Jefferson 1083163
Bittermoot 0692472
Madson  UBALY
Galltin 0835452
Upper Yell UH6/30/
Hathead SM V847963
Hathead SIM [\ ¥e /04
Upper Clar Jelfferson (1442854
Upper Clai Bitterroot  0.042163
Upper ClaMadison (169411
Upper Gl Gallin 01185143
Upper Clai Upper Yell 0216998
Upper Clai SM 0197658
Upper Cla SIM 089753
Jeflerson  Bitterroot 0 4U06Y1
Jefierson Madison 027243
Jeflerson Gallbin 0257711
Jefterson  Upper Yell 1226856
Jefferson SM 0245199
Jefierson  SIM 134039
Bitterroot Madison 0112/ 748
Biteroot Galitin U142
Bitterroot Upper Yell 0.1/4836

089a358/
1537613
1019493/
1132895
09a3s8/
119U
1.26/948
0917485
1515488
0598666
110269
0917485
116436
1241024
5 14525039
1001/
1Ner2f
053452
1.175661
ol
15606063
16430101
1525039

DL - 1.840156
1968347
1HAH
23943
15151/
1360339
1565765 1
1156141
128184
1134483
13594861
2138561
149643
124489
1374438
1160116
142086
2543913
1695811 1
1.rgerbf 1
VY6

Hathead V200493
UhdEbY 32
215363
0199252
0329122
021419
0239472
0199252
U240
0269516
03313449
U109
024250
VAR08
0265321
U2rEI3
034054
0356943
03313449

U3
1089063
U.rg30L2
3330172
12203

02296608
020168
1226816
0541693
033008
03522
030815
0.335156

183214
0174615
018543
0238978

4482318
035133
VAL
Us2ib4s

Bitterroot SM
Bitterroot SIM
Madison  (Gallin
Madison
Madison
Madison

aM
SM

Upper Yell 0047058

0.155492
093969
05LR2

0.365799
U3/ f1%
U 244931
[VealE -
UX%6M42
0283347

Qu2rra4
1.067447

0425074
248131
Uus9/49

U2164
U034
3767262

1.839862
26938
1189124
104903
1257434
2372155

168437
113961
1.1/38492
10014/
123009
1.304708

0212537
1284441

UUAR2
0064363

0131361
uoa3ar2
RLTEY..
Uurse3
4094081
34912

Galiin ~ Upper Yell 0031455
Galitin M V0IS12
Galitin ~ SIM 1062609
Upper Yell SM 0019344
Upper Yell STV 1114535
SM SiM 108191

UM
U Z3r608

0302
U6321
0272231
0313252

1148582
1334161 1
241040 0210607
119600

1Ner2f
155

139491
11149661
12536522
1442408

0.124439

253599 0299602

Weak El Nifio

The Weak El Nifio phase saw the largest variation in change of SWE when compared to
other phases. The p-values after the Tukey HSD were smaller by a large factor and there were
more significant differences between watersheds. Both the Flathead and the Kootenai watersheds
were found to be statistically significantly different than the Upper Clark Fork, Upper
Yellowstone, Jefferson, Madison, Gallatin, and STM watersheds (Table 8).

All watersheds saw an average decrease in April 1* SWE, Kootenai and Flathead had the
largest average decrease of 4.5 SWE while SIM averaged only a 0.7 SWE decrease (Table 7).



Weak El Nino Watershed Comparison
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Table 7
ANOVA: Single Fe.___.
DESCRIPTION Alpha 0.05
Group Count Sum Mean  Variance S StdEr  Lower Upper
Kootenai 6 -27495 45825 5484181 274209 0631106 -5.83869 -3.32632
Flathead 12 -55.0101 4.58417 3.513858 38.65244 044626 -547243 -3.69592
Upper Clal 14 -35.0325 -2.50232 4972782 6464616 0413156 -3.32469 -1.67995
Jefferson 13 -154087 -1.18529 0457904 5494842 0428752 -2.0387 -0.33188
Madison 10 -186881 -1.86881 061462 5531576 0488853 -2.84185 -0.89577
Upper Yell 13 -164116 -126243 2.018984 2422781 0428752 -2.11584 -0.40902
Gallatin 7 -8.14405 -1.16344 1912876 1147725 0.584291 -2.32644 -0.00043
Bitterroot 3 -7.54629 -2.51543 1223223 2446446 0.892519 429194 -0.73892
SM 6 438307 -0.73051 0672866 3.364328 0631106 -1.9867 0.525674
S 5 -17.5767 -3.51535 1.38253 5.53011 069134 -4.89143 -2.13927
Between C #VALUE! 6 #VALUE! #/ALUE! #/ALUE! #/ALUE! #/ALUEl #/ALUE!
ANOVA 177451 #/ALUE! #VALUE!
Sources S af M F Pvalue  Efasq HRWSE OmegaSq
Within Gro 188.7919 79 2.389771
Total 346.5769 88 3.938374

Table 8



goup | mean m 55 ar gt

Foolenar 4565 t 273X9

Flathead 458417 12 3865244

Upper Clal 25UZ32 14 6464616

Jeflerson 1185249 13 54Y4842

Madison  -1.86881 W 5531576

Upper Yell -126243 13 242081

Gallatin ~ -1.16344 [ 142

Biferroot 251543 37436446 I A

SM L.13051 6 3364328

T £ SR Do30TT  golat | fower | upper  pvalue meancit Conend
Foolena Fathead 188 7919 9 I6@633 #UA  GHOE1d AR #NOn

QTEST  UpperClai 2080182 #NUMI  #NUML - #NUME #NUME VALUB #NUME #NUMI

LT BT R e i

Foolenar Hahead  UO0T672 USA6R5E O00306 251501 2518353 T 2516681 UO0TOBZ
Kootenai Upper Clar 2080182 0533382 3899984 037585 4536211 0.169527 2456029 1345622
Kootenar Jefterson 3397213 Ub39501 624949 0913007 5Hu8142 QU0 24844006 219758
Kootenan Madison 2/13643 Ubb44/Y9 4807433 U1144/6  H31491 0US35N2 25992170 1./54%
Kootenar Upper Yell 3320003 Ub34601 6153495 Ud3bdb/ bHoldlry UU01b6E 248406 214768
Kootenar Gallabin 3419066 U6US14Y b62A85 Ub18/63 6214937 U0056/Y 2800304 2211716
Kootenar Biterroot 2067072 U/72944 2604283 -1449205 562619 U6/44933 3509124 1337142
Kootena SM 3851991 0631106 6108503 US45Y/8 b./580003 OO0 //6 2906013 2491765
Kootenar SIM 106153 Ubb1Y 1614733 139807 4115005 0Y9/8/M4Y% 3047852 069031/
Flathead UpperClar 2081854 0430026 4841273 010174 4061948 0031339 1560114 1.346/04
Hathead Jefterson 33498886 U43/543 F./6rAL3 13834928 5413843 201D 20148/ 2190662
Hathead Madison 2/1536b 0465041 bdU1hHb ULBUANY 48/08L DUU3MS 21551576 1./56508
Hathead UpperYell 3.321/4b 0437543 7590939 130688 b336ME 3300 201490 2148161
Hathead Gallatin  3420/349 0519877 65905 1026898 5Hu14b8 D00ULM 23493841 221298
Flathead Bitterroot 2068744 0705598 2931901 -1.18028 5317765 0551457 3249021 1338223
Flathead SM 3853663 0546554 7050836 1336982 6370344 0000149 2516681 2492847
Flathead SIM 1068825 0581851 1836939 -161039 3748037 0951051 2679211 0691399
Upper Clai Jefferson 1317032 0421026 3128145 062164 3255704 0457606 1938672 0851958
UpperClaMadison 0633511 045750 1399747 14505 2717521 0992072 208401 0409804
Upper Clai Upper Yell 1239891 0421026 2944925 069878 3178563 0545146 1938672 0802057
Upper Clai Gallatin -~ 1.338885 0506011 2645961 099111 3668878 0688048 2329994 0.866094
Upper Clai Bitterroot 001311 0695445 0018851 -3.18916 321538 1 320227 0008481
Upper Clal SM 1771809 0533382 3321838 068422 4227838 0370447 2456029 1.146143
Upper Cla SIM 1013029 0569496 1778815 -160929 363535 0959883 2622321 0655305
Jetierson  Madson Ubb3h? U4bY9/86 1486607 -143362 28006b4 UY8/H38 2117144 0442154
Jefterson  Upper Yell UU/ /141 U428/52 U1/9919 189011 205138/ 1 19/424¢ U9y
Jetierson Gallabn  UU21853 012457 0042644 -2 33782 2381524 1 234/ 0014136
Jefierson Bitterroot 1330142 0./001S 1.899/Y97  -1.8493/49 4564073 U406 322734931 086438
Jefterson SM DA/ Ub39601 08424958 20293 293659683 09998h1 2484006 0294185
Jefterson SIM 235006 Ub/h232 40BUe48 031867 4978/ 0133608 264873 1500263
Madison Upper Yell 060635 U4bYr8b 13186832 -151006 2723524 U49486d 2117144 0349153
Madison Gallatin  U./0b37/4 0538bY 13089425 -1.//509 3085841 0995133 2480468 0456249
Madison Bitterroot Ub46621 U./1495/2 0896619 -26b6b74 39548985 U999/48 3313364 0418285

Madison  SM 1136298 0564479 2016541 -146042 3./31514 0915338 2599217 0./36339
Madison  SIM 1646h4 059872  2r501 111035 440342 063919 2/56886 1.065108
Upper Yell Gallatin 00989594 051245/ 0143174 26068 245861 1 2359676 006403/
Upper Yell Biterroot 1263001 0/0015 1./89619 -1.9/083 4476433 0958336 3273931 0810638
Upper Yell SM UA31918 05335071 0985943 195279 3016124 0999463 248406 0344086
Upper Yell SM 225292 0575232 3916544 039581 490165 0165257 264873 1457363
Gallain  Bitterroot  1.351995 0754316 1.792345 -2.12135 4.825344 0957939 3473349 0874575
Gallatn  SM 0432924 0608149 0711872 -236738 3233228 0999964 2800304 0280049
Gallain  SIM 2351913 0640059 3674529 059532 5299148 0235949 2947235 1.521399
Bitterroot SM 1784919 0772944 2309247 -1.77421 5344043 0827924 3559124 1.154624

Bitterroot SIM 0999919 0796293 1252571 -267593 4675766 0996508 3675847 0646825
SM SM 2784838 066191 4207277 026301 5832689 0102877 3047852 1.801448

El Niiio
The change in April 1* SWE was only significantly different when comparing two
watersheds, the Flathead and the Jefferson. As with each of the phases the Jefferson saw little

change from the average while the flathead saw a significant drop in April 1¥ SWE values over
the El Nifio years (Table 10).

All watersheds saw a decrease in average April 1* SWE values, but the gap between
weak El Nifio values and El Nifio values was much smaller than the gap between weak La Nifia
and La Nifia (Table 9)



ELNino Watershed Comparison
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Table 9

ANOVA: Single Factor
DESCRIPTION Alpha 0.05

Group Count Sum Mean  Variance S StdEr  Lower Upper
Kootnai 6 -18967 -3.16117 5496336 2748168 0.864217 -4.88135 -1.44099
Flathead 12 498864 -4.1572 5.877821 64.65603 0611094 -5.37355 -2.94085
Upper Clal 14 -506228 -361592 8424106 109.5134 0565763 -4.74204 -2.48979
Bitterroot 3 -11.0064 -3.6688 3.796226 7.592453 1222188 -6.10151 -1.2361
Jefferson 13 -15.3393 -1.17995 2351346 2821615 058712 -2.34858 -0.01132
Madison 10 -21.9555 -2.19555 1.618553 14.56697 066942 -3.52799 -0.8631
Gallatin 7 -18.5665 -265236 1.125925 6.755548 0.80011 -4.24494 -1.05979
SM 6 -13.3319 -222198 2913972 14.56986 0.864217 -3.94216 -0.5018
SM 5 -20.8946 -4.17892 4637813 18.55125 0.946703 -6.06328 -2.29456
Upper Yell 13 -334746 -257497 5176149 6211379 058712 -3.7436 -1.40634
ANOVA
Sources S af M F Pvalue  Efasq HRWSE OmegaSq
Between C 84.30292 9 9.366991 2.090273 0.040099 0.192332 045726 0.099304
Within Gro 354.0171 79 4481229
Total 438.32 88 4.980909

Table 10



TUKEY HSDKRAMER apha 0.0s

group | mean T 5= ar gt
Koolnai 316117 B 2745168
Flathead 41572 12 6465603
Upper Cla -3.61582 14 1095134
Bitterroot  -3.6658 3 7592453
Jeflerson  -1.17995 13 2821615
Madison  -2.19555 10 14.56697
Gallatin ~ -2.65236 7 6755548
SM -222198 6 14.55986
SM 417892 5 1855125
Upper Yell -2.57497 13 6211379

Kootnai  UpperCla 0454745 0730397 0622599 -290847 3817954 0999989 336321 0214817
Kootnai  Bitterroot 0.507631 1058446 0479 436612 5381385 0999999 4873754 02398
Kootnai  Jefferson 1981223 0738777 2681762 -1.42057 5383018 0671446 3401785 0935911
Kootnai Madison 0965626 0772979 1249225 -259366 4.524912 0996577 3.559287 0456153
Kootnai  Gallatin 0508809 0.832781 0610975 -3.32584 4343458 099999 3834649 0240356
Kootnai  SM 0939193 0864217 1086756 -3.04021 4.918596 0996833 397M03 0443666
Kootnai  STM 1017748 0906399 1122848 -3.15589 5191381 0998452 4.173633 0480775
Kootnai  Upper el 0586201 0738777 0793475 -281559 3887995 059991 3401795 0276916
Flathead UpperCla 0541283 0588865 0919197 -217022 3252789 0999696 2711506 0.255697
Flathead Bitterroot 0488397 0966224 0505469 -3.96071 4937505 0999996 4449108 0230714
Flathead Jefferson 297725 0599227 4968486 021803 573647 0024127 275922 1406426
Flathead Madison 1961653 0640921 306068 -D.598955 4912857 0489461 2951205 0.926667
Flathead Gallatin 1504836 0711903 2113822 -1.77322 4782857 0.890328 3278051 0710871
Flathead SM 193522 0748434 2585652 -151104 5381485 0715422 3446264 091418
Flathead STM 0.02172 0.796769 0027261 -3.64711 3.690549 1 3668829 0.01026
Flathead UpperYel 1582228 0599227 2640449 -1.17699 43414458 0690583 275922 074743
Upper Cla Bitterroot  0.052886 0552321 0055534 -4.3322 4437975 1 4385089 0.024983
Upper Clai Jefferson 2435067 057654 4225146 021879 5090724 0099768 2654757 1.150729
Upper ClarMadison 142037 0619762 2291798 -1.43341 4274148 0834132 2853778 067097
Upper Cla Gallatin -~ 0.963553 0692915 13590578 -222707 4.154174 0992439 3190621 0455174
Upper Cla SM 1.393938 0730397 1908466 -1.96927 4757147 0938405 336321 0.658483
Upper Clai STM 0563003 0779851 0721937 -3.02792 4153928 059996 3590925 0265958
Upper Cla Upper Yel 1.040945 057654 1805503 -1.61381 3695702 0955883 2654757 0491733
Bitterroot Jefferson 2485854 0958763 2585901 -1.9259 6903605 0710841 4414752 1175711
Bitterroot Madison 1473256 0985359 1485146 -3.06396 6.010474 DSB67341 4537218 0695953
Bitterroot Gallatin ~ 1.0164359 1032937 09840268 -3.73986 5772736 0999471 4756297 0480157
Bitterroot SM 1446824 1058446 1366932 -342653 6320576 0993324 4873754 0.683466
Bitterroot ST 0510117 1.093158 0466645 452347 5543708 0999999 5033551 02408975
Bitterroot Upper Yel 1.093831 0958763 1.140878 -3.32092 5508583 0996292 4414752 0516716
Jefierson Madison  1.015597 0629616 1613042 -1.88355 3914748 0978724 2899151 0479759
Jefierson  Gallatin 1472414 0701743 2098226 -1.75885 4.703682 D.BME12 3231267 0695555
Jeflerson  SM 1.04203 0738777 141048 235976 4443824 0991624 3401795 0492245
Jefierson  STM 2998971 0787704 350723 062812 6626059 0.19497 3627089 1416686
Jefierson  Upper el 1395022 058712 2376042 -1.30845 4098494 0.803081 2703472 0.658996
Madison Gallatin 0456817 0737665 0619275 -2593986 3853492 0999989 3396675 0215796
Madison SM 0026432 0772979 0034195 -3.53285 3.585719 1 35559287 0.012486
Madison  STM 1.883373 0519869 2419136 -1.79182 5758567 0786193 3775194 0936927
Madison Upper Yel 0.379425 0629616 0602629 -251973 3278576 0999991 2899151 0179237
Gallatin  SM 0430385 0832781 0516804 -340426 4265034 0999958 3.834649 020331
Gallatin  STM 1.526556 0DE76476 1741697 -25093 5562408 0964884 4.035852 0721131
Gallatin ~ Upper Yel 0.077392 0701743 0110286 -3.15388 3.30866 1 3231267 0.036559
SM S 1.956941 0906399 21509029 -221669 6.130574 0B77318 4.173633 0.924441
SM UpperYel 0352992 0738777 0477607 -3.0488 3754787 0999999 3401795 016675
S UpperYel 16039458 0787704 2036232 -202314 5231057 0510605 3627089 075769

Discussion

Results would suggest that the change in SWE in most watersheds does not differ
significantly from other watersheds in the state. There were statistical differences between
watersheds in each phase of the ENSO cycle but which watersheds that differed were
different in each phase. In the instances where statistical differences were found they were
almost always across the continental divide that runs through the middle of the
mountainous regions of the state. The Jefferson and Flathead watersheds differed in every
phase except the weak La Nifia, this statistical difference was born from the Flathead
seemingly experiencing larger effect from the phases of ENSO than the more consistent
Jefferson watershed. Whether the source of this difference is less general precipitation or
higher average temperatures cannot be determined from this study. While not always
statistically significant, the southern Madison, Gallatin, Jefferson, and Upper Yellowstone
watersheds saw a much less dramatic spread in A in April 1" SWE between all phases when
compared to the more Northern Kootenai and Flathead watersheds.

Future studies of the subject should incorporate elevation
and meteorological data into the study to identify potential
causes of the differences between watersheds. Attaching USGS
streamflow data will also give more insight into how heightened
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