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Abstract

The project contract was signed on Jun. 28, 2016. The long-term record of air temperature,
rainfall, streamflow and the rainfall-runoff relation have been analyzed. A low flow estimation
model has been applied to Chichiwan Creek and Yousheng Creek to examine its capability. Field
survey and streamflow measurement have been implemented for three potential fragmented reaches
in Wuling area. Water-stage recorder and temperature probe have been installed in the riverbed of
the fragmented reach in Yousheng Creek. Water-stage recorders were also installed in Chichiwan
Creek and Toushan North Creek to monitor the water depth. Moreover, one more water-stage
recorder (WL-1) has been installed in the well by Taiwan Salmon Eco Center.

According to the preliminary analysis on the long-term weather and streamflow record, no
significant and consistent trend was found from the indicators of rainfall amount, no-rain day,
rainfall intensity, streamflow amount, extreme streamflow at annual, monthly, and seasonal
timescale. The reversals of streamflow in Chichiawan Creek have been significantly increasing,
although both the rise rate and fall rate have become moderate. The rainfall pattern seems changed
after 2002 while the seasonality of rainfall is clearer. SPI data reveal more extreme pattern, likely
influencing the stability of the aquatic habitat. It would be essential to understand the impacts of
climate change in advance. Air temperature at Huanshan Station has been significantly increasing.
However, the neighboring Songmao Station revealed a significant decreasing trend.

Yousheng Creek is featured by low runoff coefficient and rapid recession. In addition, vivid
phenomenon of hyporheic flow suggests Yousheng Creek has high risk occurring fragmented
reaches. We did record a succession of losing and gaining processes. It is found the differences of
water levels between river and groundwater and the temperature profiles in the riverbed could be
two indictors deciphering the processes. The fragmented reach was found from satellite images
while SPI is less than 0, indicating the hydrological controls on the occurrence of the fragmentation.
The water level data at WL-1 reveals a stable groundwater source maintaining the base flow of the
main stem of Chichiwan Creek and reducing the risk being fragmented. The low flow estimation
model has been demonstrated to well estimate the streamflow in the recession period lasting for
about one month, indicating a good tool for low flow warning system.
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B 1R T FF VRN I BRI R SeF
(mﬂ)m;—ﬁﬁﬁhﬁ%ﬁ%ﬁﬁvf%@ipm S AEEHRD L L2 PR
FEORFPRAPERLNESE > BR- XA HBT G  (X BT R
PN T SR B & RS B A R EF 4 4050 EERMEE P 2 b 0 B
#ﬁégéﬁﬁﬁﬁ%’w?ﬁdéwmﬁ A AR R B R POl PR L B
BiirdF 2 £ & S ikdp o 20T (2015) i~ d 2013267 26 p ~2014 257 17 p 2
2015 # 3% 20p =B A E o MAEAHHYF - FEHAR T HRE > UREE SR RS
2522013 % 2014 E'gis w2 2 kA R GISEFEMPDEENE) s ERPRL(GET2EE
MPFERR)2 (8 ¥ RTHFPEVEEER S AR LTS LY ok Bl
FRER S P T PEEER AT IR0 EERYIER B RETE o g (2015) AL
*%lﬁﬁiﬁﬁi*Tg3§?Pmﬁ§*ﬁ§ﬂ“§% TR G RIEF BRPEG ER
éﬁm&%ﬁ%%ﬁéﬁvmé FrRERS T RLEHEFPERIINRF LT L -
BT RT e 1 AR E AR PR R P ) kR L BB
KiE) S AP kA S BB S n iR (Hey, 1996) o H ¢ o Bi4eim A fE 2 5 R
5 p43ie A £z skt 4 (carrying capacity) - P i A AR A A H Y LI ETE 248
STRB o M 0h s SR Al Y FHRERF R G s 2 BT g A
Bt (natural diversity) » ® # e B3 $9ra0 %5 a0 A4 4 B & gk 4 TR 8 (Larsen,
w%y%w74’~ ¥ (2003) *t 5/31~6/4 $ (7R 14y v R H B R N A PF 0 FIRF LA
Tgmﬁﬁp“ﬁéﬂ%mﬁuFﬂﬂ%ﬁqiévvF EHEACL K FIRE PR % ; EA
& (2015) 7~ A 25 R 7P 4o BRI > FMAD B 5 575 $rn I g o ¥R il 20
¢ﬁ5+am7%;g,Tﬁ,%eﬁﬁ%“ﬁwﬁWﬁékm%ﬁﬁiﬁ%ﬁﬁlﬁﬁk
i=4p &> 2 3 A 2015/3/5 0 f- RAES ﬁii?@?Tﬂ*ﬂ%w4%42%3%“?
£ s MBI L ehE R B o
WL PRSP A S FE AR RN SRR A4 2 B KA P i en
PRARFREFFRRFTEE A ancg > Ea PEIFFREFRF ORI 0F
Lok R T ok enR 3 iR pE s p kBB R & (streambed ) AfE S~ % 3 B TR
BEFAMLIR ) PR ERDES 0 A F P T H¥ A WAk EEY 2K £ R e
o $3S B -k 4 k5 (ecohydrological system )82 58 { 8 &= & o j» & (streambed )
MATREP R (B A)EMT kA (B TR BN F AR AP T UL ER LG
PR P TIA R REERE S AR T k2 k2 AT RN FRAAM o oKL G
it E AL 2 CEF gk hE A S s X PEARF(RF CARBF T
kP R RS FI AR ke B R o HEORY BTRARE AR o WREF KT
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‘gﬁﬁ’fﬁwu?a«f"?m“§f; & o B okP R %‘r\éﬁ’ﬂffﬁiiﬁﬁ sE LB TORGRE B R
BTkl B e A R X2 BB G R L?‘MME’ KB R P R ik TR
T3 AE* X A2 L RGR R T E% (hyporheic zone processes ) » ¥2 - AL ArE) e TR GR
BABHZ R AN Tk R S H - 2 e ond (uni-direction > Bde f BoK AT 2R TR
Br 20 Bk e ToRAL T R ) 0 R PR RS S o RI AR efnds (bi-direction b 4e
FORILT MBIk S AR PR N X G P RATL R ) R R e B BT TR
e B A g AR > R }\bk’#«'F KR T A LAY FlE R ERA G T R
(Boanoetal.,, 2014)c # #HE_Rim-k& s TR o d SN E S hE B o N ETRB NIV
ﬁ@ﬁﬁ%’ﬁﬁéﬁﬁﬁﬁﬁm@¥1k’ﬂﬁmqjmwe‘ﬁ%@«@@ﬂ,ﬂa%
%%?ﬁﬁﬁﬁwi%w%#ﬁ& ARG A P R EERIERR L ERE L
Bok®ins o MARMRE AR e L3F T BipaE R ML (Sophocleous, 2002;
Boulton et al., 2010; Hester and Gooseff, 2010; Krause et al, 2014 )  pt iF % %4 {5 K 8 08 5k 2%
Lrl% RIPMOEAAEL P I AL L@ B A RIrREt P EEL D
Sb Yo g AT P N B A KB TR 2 T (R kAR L - 3 ¥TF) iz 7+ ( Anibas et
al.,, 2009 ) 1 & X ¥ Aok TR 2 AR & (water flux ) 2 B e E R0 p 2000
22880 PHmAFER RN EEFEMNER B4R AR R FTEHGE > AT REPN I POK
BRREFFERTRTHE 2 R FRADERI S T BFFREF RO FHFIAS
i¥% 72 3 (Bastolaand Peterson, 2016 ) » %6 i &k # B F &R G 15-20m g plF » A5 BE
BIEE N ABBARIFRBRREFZERFRR > ABEFE T REERERPRERE
/J’;ﬁﬁﬁi%Hﬁ%——ﬁ7k@wajn??iu%ﬂ;o



o HERSR

F o2 B RETHR

A HIAFH A - RFIEIT

BN ha B R A B8 g X o R
- IR 2R G BIE L g B
2 F

Rk AR Rl 228 A g
%o &R 2 PIEEE AL 21 A7or 0 @ H AT R Aok 2.1

v

R R R 0 B2

o

211 & g2 A4tk

FEAPT RS F AR REATRLZE T BT RELEA 2
( Standardized Precipitation Index, SPI )%’E SRS A ’f"r B¢ AR A F 42 d McKee et
al. (1993)% B & 7 A" AfBf 55 B2 TR 3 Fics 7 ¥ kB2 32 SPIF 44
* "Ef‘*’m © R A ATIZRE ) E A ﬁff’fff% A g 4p {@ B3R e s SPI A 1 i

TR ORI RN R BT R R 2P AP E I SPIR B B - PR R R R
@—i IR 2 g% dp¥e T8 7 fESPlic & dpdicr 7 T RTIR 2 BB > 4T T fi30E A endd
B AT R R A L F RS § B RETRR LR 2 F R A ke
MBFH G fEF GR BT AR R R ABE o SPIZ 3 E S gl o T

g(x) =

xa—le—x/ﬁ
By (a)

\,
\*ﬁy

gta"/k’B7 = ;2’ =S §x ’P‘iU}/z‘ » Jerd T Ao

N PR P
= 3

2 In(x)
n

A =In(x) —

NAGEAL S AT 2 A B Sk



Bisvd Ea SRR PP RTZAEC IR EAPF o o7 AT

X

G(x) = Of g (x)dx = ﬁayl = Of La1-/8 gy

Bakt=x/B > Bl b 2 & 5

_L [ a-1,-t
G@y-ﬂ@!t e-tdt

YRGS ACER B)E B RRT > Gammad T2 AW S RN T B b
H(X)=q+(1-9)G(X)

B9 giABEANY B mBEA S B o TgEmine B R 0 e B H LR DA
BEHO) £ 9 402 B4 HEOTI ™ R 2 B A2 R A SPIE - L) £ R 1 A
FRSPL» # P B AR Ac 22907 o o ST EF 3P E G d WAk KSPIE - g F A {2
FLEAE A LR T R R R RS L R 2N R
H ok RBSPIE - H 5% 4

% 0<H() <05 z=SPI:_[t_

C0+C1t+C2t2 ]
1+d t+d,t2+d;t3

#05<H®X <1 Z:SP[:+[t_

C0+C1t+C2t2 ]
1+d t+d,t2+d;t3

H e -

7~

$ 0<HE® <05 t= |in(—)

H(x)2

1
$05<HX <1 t= |in ((1—(H(x>)2)

H o -

7~

¢y = 2.515517 ¢; = 0.802853 ¢, = 0.010328
d, = 1.432788 d, = 0.189269 d; = 0.001308

S AR A g R SRR AL F - oBl2.3% 7 0 @ ic % ip ik
R & B 40 & 229757 o

HYSPIZ lpenutpr L 5 % Ip ek -R & &0 0T 8443 SPI-1-SPI-3-SPI-6~SPI-9~SPI-12 »
AFALBY 3B 6B 9B 120w R BN Rip et PR ARFRP
SPI-1 F g eplahiy  HR* i3 F Ak RIS e I B ARREZ 4 LT
B4 7 Ap b o SPI-1 3T i ¥4~ JR & 45 #c(Crop Moisture Index)+7 i i+ » @ s &_Palmer
§¢ % B € 144p #i(Palmer Drought Severity Index)efa— 384 o - B 7 p "% & £33 F 2 ichR i
TRAPFRHPTIDER ] > » T A2 BRERS D) &8 ISPl @i S o

SPI-3 1 el 3B P end-REfre edk? T 2Rtk 3 B Y PR aE-RBE et
fo o SPI-3 F gy fod W R FE > T & kgt o 22 SPIL - 0 AT ER
3 ¥ MEFCE hb % o SPI-3x F AR f E AL BERADSPIF a2 ELE
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2L 005 s AL W o T R AN s b g gk ¢ R A i 0 FRARTE A {30
E\I—Eu}# - EPhd R o B LS Y AR R o AR P g e Bl e B
SEARY ) AR A BV R A D BN f e SPle 4pE G iR BRER G SIENE R

S E R AR iR

SPI-GA\ﬁﬂng B2 gkt e - B R OB g o S E s By ko
SPI-6 474 7% & B &7 "5 ad8d > v 2R7 a3 Fk Palmer Index if i ;er’z},g\,m
PERF R o SPI-6 7 ru 2 § ks BEor e B X & ek o SPI-6 2 1 4§ B st
- EOERFREF IR bk’ KRR o

SPIOdpthlprisT 2 A it - o3 L ¥ €82 42— IL%:%EF Jf{i«m » SPI 3 <
A R-lS T M R R Rk T TR P REFLR AR B ER L hie-
BRI 2P icE: ¥ e Jde k2 5 £y engs 5 ohde g -

SPI-12 F R PR R s d Ak » SPI-12 B - B 12 B 2 e R e — & %
22 g n S Ed S fdp Tk EFPOERDOIFFET A EF ML F 0 R
&SPl L ¢ et 0 % LG A s P A engs N R AER o SPI12 B Y A T e Zn
o RBEARRE N FEPFERE TR LA

F_k

212, nE2 & ¥4tk

-2 4 47 2_F1* Indicators of Hydrologic Alteration (IHA) &k i& {7 & &7 & » +7 > IHA -
B PR OEETA R EOR R S DR SR EG e A g
AFF o1 B o mpii 2 IHA »~ 55 2o 2 IHA 978 72 $8dcB 24 %77 - % 1 &

Sy B BB B AR NIER LT R R A ) 0 S dE- T L T s ¥
312 BIHA: % 2 %8y pin B a2 i phenddd > 3 8 % 30 g fmagn £ yhiw

=
Il

fER A1 p 3P 7 p 305200 PRk T~ %ﬁzs&ﬁxw?
$ETE R o 2 RET ARG P R AR 1B IHAG B 3
B B AR IERARBINE T A R s ER A B L PR
PHp > £322 BIHA § 4 248 g i B F 2 prendd(d > 1 & % 2L 3
Mm B A AT R P PR EF R MR A AR R ey, 224 B IHAo;ﬁ
d IHA#TA 2 I Mg chi faa 718 » J1* Mann-Kendall & 2 kB2 f & ki 2 g1k
B R ARE > A5 RBIEAB RN AR DASR L R MR A REIE 2 (84

%y i o
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L
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2.1.3. AF A 453 3

Mann-Kendall
Mann-Kendall (MK) # <% & - f&&* #csiiti2 > d Kendall tau (t) 2 £ @ & (Mann,
1945 ; Kendall, 1975) » # * k& = 2= 342 & hRf fk(rank correlation) » 4o#-H e * & & 48




k2 Eeniizt s B - wgFd Y EFEFAS > V- DB ZEFFETRCOTHA
Fle k= TR o ¥ ¥ s A FPRRK LA RFFE T gREFTRTES &

HiggkL o
MK # %k 2% a#&ﬁu%;’{g.wm&aﬁ@&@&a+xwi{@¢—aﬁ
R B E o Wb B RR TS HCIE G AP AR MRS Rk

'+1,X]‘—X,.>0
. n-1 n
Sign(X,-X,)=10,X -X =0 , 8= Zl Z+l Sign (X, = X})
i=1 j=i
l_—l,X}—X}<O

{XL~ X2~ X3~ ...~ Xn}s ZRPEF{TL -T2 T3~ ...~ TN} T > n 5 T4
BHco F NABT Y EIAPF S oty fsﬁlg_,_iﬁ,#ﬂgé}m » HIT:mE 2 0, ¥ An
A3 10 AT o SEER AT R T AT IRE N

5 n(n=D(2n+5)
o =

18

FRO - BRI AREGA S RELY o EER S R E TREII TR 6
£4F chdici® o F]p o Kendall 8 #c ;V iz s e

g% = % nn—1)(2n+5) — Z u(u—1)(2u +5)

SR AP hE A i hi ﬁf‘c, Bs 0 B-M e TE S B 7 4R 1 (normalization) =
L2 heT oA
S-1
o
Z=4 0 ,5=0
S+1

B LB T HPF o Ao B LG A AR a0 ZEG P AT RS R
FRREARS o p o M RENZ EFEEERF LR SV ATEAERLTRY o B
FoREL a0 FlZ=Za > PHES &£ BIK 0 A7 28T P AARS > F 2 Pl EP KARS -
AR R R hREF R 0=0.05 0 F(Z|=1.96 RIiZHE] s A FARS > F(Z|<1.96 BIZHcF) A
A FARE -

Theil-Sen i iz /£




Theil-Sen & % ;= (Theil, 1950 ; Sen, 1968) # 4% * %3+ B AFF il 5 > A8 F enpl 5 B 2 K 4o
s

B= Medlan( i ) foralli<j

X(t) =pt+C

X() =X;~X,, t=1~n

¥ B FALA XD, X2 ..., XT} e BFaF t ev f=dcit » b 58 7l 4 #0950 C
oo A G2 ;ﬁ;é;‘ Mengl o B 7 i ¥ Sk w iF(linear regression) # - ehal 5o F] G P
HY @ A 2 XL R Ed s A TS Y 2 MKk 22 - 421 * (Burnetal,,
2002; Gocic and Trajkovic., 2013; Kriegel et al., 2013) - § # 5 B 5 & #epF > & Ty + 2
ABE L F 2 0 FAF P LR B A TR TREARY o

2.1.4. 32k ¥ B H

/n 2 fﬁﬁﬂ f»_]\/n 1Q }\vF)» ’ IA“%\J“"T }\/:‘ i".rrl'FL"] ﬁ;g I//é%‘/\; 1 Tﬂ/ﬁhi&%fL 'r'g‘ﬂ} M ﬂ’L
Wokeg B ¥ k¥ K k&7 > Barnes (1939) # - gk ot o o508 w AR Rk
Ml 5k dom o B EAUT kel 0 7 Q =QuK' B¢ Qo i T iT kB gdnin

QA GBUHEE (tArF Ml x) i g o AP ER & S kB Pk
AR B AN L ATk E > B¢ N=0.83A%25 A 3 Bk B a A (km2)» 3 7 g d
B Lo A B kR AENIRLFREF s ThRPA R AT KE (3 1)K
EA% A P oo iR AR 0 K 2 > K iE4%] B & 7 i3 RARE- o

2.15. "t g B3R

*3+% 41* Tungetal.(2004 )** Hydrological Processes #f 74 % 41 * Boussinesq equation

AT BRI R RAER § L R ) B AR T S
1 1 1
::C+2_——_
Qt Qt—T Qt—ZT

HP QuQur, QoA B itk =<2/ " g » TARE - H11 C=0 it ™
Joip & g el b Ae B 2.5 1o o

22TV s TokA 2 T

e AR T e e R ToREn J\I«A ViR PR RE TR ST &
(B 26)c 4 Tokimz Bh LS .rﬂ%:?" Foe 4 (oceantlde) =45 (earth tide) ~
FR (B27a) %3 (B 27b) 2 L g5 (E%‘]Z?c) ¥ o X Bz k% (confined augifer)



2 d 7-k& (unconfined aquifer) ¥t B2 F g7 I > pd Z-REH§F BRF B> 4
£ ¥t e {ek (unsaturated zone) e B~ B %‘”fﬂ' GHEBEFE > T J\xﬂﬁxdi&
B FRAET T B TR T TR RACE A 2R KE RN FRE BRI &
pot bR IEokE (aquitard) H#-p 3 & ORI ERBED B KPR 6 ’ﬁu\ﬁg
Aol KRR TR T A RS FiER T ORRE RBE kAR TR EHE

SF RSB EEFEFF o R RS F RS %“f“f;‘ f& 4p 02 e
Fek S TR ARPEFF o ER A Sk LRI REI R CDPFXL A
FHEEBL IR T O TR RE TR AT E o %Tﬁtmﬁ*ﬁﬁéﬁ%%

%wwﬁ’ﬁ“aﬁkTLcL%TW&%L*k b BTR R REE S B R IR TR IR

%% }\%] g€ %1 & 481 (recharge) ¥ 20k (discharge) T #fs chi % o 5 & ¥
%mﬁ,; BT A LA REMAREIEE YA > LABE > WwRLDT o B F L2
iﬁ%ﬁi’/wbﬁgﬁchwgayqugy P AREBRESAP RS ERE L
ToRFAIZEEREY > AR RPALE SRS B TR AR R FT TR

BB .

AP E RS R TR TOREE R T R Nk mta B AR 4R A
RFOR A f‘i’a (submarine pressure transducer) ~ & 4 & 5tk - BHTH - TR E2 T
R o AR RS ERHRETTESAER RS- A AR RIERITEFER R

w*i@%ﬁ#%mﬁﬁﬁﬁﬁﬁ ERE RN RY i RERY B RKRE TR
BB L s TR RS AR W EEE ARG TRERIE TOREAR AR d ok
e BT R BRFEL > F T ol 3 dkE PFH o

PR GURA FUR P RITERTF Y EFYD mﬁm#«;&,ﬁ B4 HE - A 12
DB o A 2t F T b 2 BRI o VoK VRS \}\,a, (R kSR &) BT &
- HE e AR TERIGEFAE ZIFRARES Y ’Jil:fxlii G R
Pk F A MOR DT SR TR o BN R ORPRS FRN O EL
KBER (B 28)e gt b FIASLR 3B BHIHE R T F v HRARL SR RARIE -
ERFTREZFRAFFPF > 07 5 7 EFYLBETHREFT o KR B FRp Y &
GRBLA ST he t ok 0 ST R B R R R S TR Rl A P g
KR IFRBEFEG  BEPIE P F LB IS F Rk TR

N

<E

ﬂ*?f& R R PRORE > T RPTRT o T oRZ FAMRES YR F
KihiE e > R B att 2 R R RER - AP LT EEY I InSitu 2 7 47
éwmwdﬂmmmwammmmmw4ﬁﬁMMWMWﬁbk*@4**ﬁﬂﬁﬁﬁﬁﬁ
g ToREER o HRBR A AR 2.9 97 0 AR R kR HE MR TR EAE
5(@Z&U’%ﬁﬁﬁié%ﬁ@(ﬁZQD’#?*wé“Eﬁ(ﬁZ%)é4 a3
B 8 '%*W@’%ﬂW%@n:waiaéai%éﬁaﬁiﬂaw’%?%iﬁ?%?
?WEJEﬁﬁwnE?m“*@4ﬁﬁ%?ﬁﬁﬁﬁﬂﬁﬁ’%%%iﬁ?%ﬁ?*ﬁ%°
Mini-Diver ( B 2.9d) ik (T2 3k 22 ;82 Level Troll 400 4p iz o &3+ 4 #7E * et RV R 4
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Uk A A (non-vented ) o sk T oK
BH P LR F RS B g2 %Eg"vf%% ’
’}ifi%’@f?ﬂ’sﬁﬁriﬁnml T Feoggi o TR hx

FRA S L EFSE O ERD 1F e A HTEY Gt

A4 é_mBaro Troll( B8] 2.9e )-Level Troll 400~Baro Troll~Mini-Diver s m 4 $4r 4 2.3-2.4 -

o
B
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L s 7n i
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2.3. Wi P B E R

SRBEERER CodgT o BB RBIERE LG 2 BEASEIRE A B 5 G %
iii>ﬁf(Y)~#@¢ﬁ“ﬁ:(T> 2= pEA R (C) F (B 210) H ¥ > = AL SRR
PR Sd A i’?}‘fvn’:éﬁ:}%%l'f d A Cirkitr CPE o

231 In'-% ﬁl?

qu.;m ‘:’r”riq’j"‘ﬁ’ #&F B’i 1—_/HL “’ﬁﬁ/?'l_” ’ ,w K Ekﬁ;/w

—_E_" T \3“?,\7 g\%;uﬁ_q¢,j\£ﬁ;€
% n /\;’ vﬁ)&\__ - SN 7’\;:3‘:3 {:‘_ g\!”"@ f:" (ﬁh e F!”EL‘/E' (ﬁ_ :‘é_

£
-
T

B ETLH RPN R
Yrm 2 RFf O FILRFEENE O RFERPRTARLER  RETREFE LD e
;ﬁaeﬁaﬁ;‘z;;Eii—rfé_;;%msgmgﬁhéﬂw;‘zi—  HRIEad pIIE AN ¥Ta 2 T a0

ﬁﬁfﬁkﬁmﬁ@’éﬁﬁﬁfmﬁﬁwHWﬁﬂiﬁmﬁioﬁﬁﬁiﬁﬁmﬁuaﬁ
EERERke TR 82 niEa BEF e TiONE o AR ES W

- ERR P - ERR
-+ %'Tm ‘(n‘hi lé‘ ’;izi-)lé. =+ %‘?m ‘(H\L:‘é‘

R rT HEBE R Lo NE R fF2F Yo AT L 40E 211
O REEELTESG Q=T =TUACRY QLRSS AR Qi TR
U =3 %m2T258 A 5F%s 28 ke ff o

232, PHR¥F TREEZFERZE R

P T RR 23 IR R LRI M BN B fRiP K — B T (E chiEA s A 0 T IF
GFEE L s P AL K BRI L7 A AR 212 907 0 A h 0T %
H

B
SRR R S B R enys Bl B E R eni B b @) 2.12 751 0 48 2016/7/15 B 4534 1 ik 2 Rl -

IS

3
=3

EN A ER N NS IR LI £l P R N ﬁ*ﬁ*7é@jim% BRI g g
AR R AEFER I FI P 2 - o b TR Ed RF FKER (hydraullc head) e
enit ke o B¢ s 4 okEg 5ok (elevation head) 4 kB (pressure head ) enigfr e i@ "4 &
for ToRm R4 CREE LR (APEI S F RS ) Ft o Tk oiR T 4G mifﬁé’%?ki‘:#
B N B ARITR TR 2 B e o ‘}F’}%iﬁ $z2 -k Z k4 A (hydraulic gradient)
Al & B8 & ko Tk k52 B enfg $0:# & (Freeze and Cherry, 1979) -
SRR TORE 2 (A ) i s R ARG v chRERRE
GG ER ep MR R 2B AR E R RIERGRAY TKEERERP KR
RER > BEERIFTHAAITRLEFEFRPFES TRF2 00T 240G 0 Ry TRE AR

P

lﬂ\ﬂ
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% P& Bastola and Peterson * 2016 & #73% J1en= 2 i TR A H A BHiEP R £ R 2
Z BRI RREAHEEERES LI HE (WellA)~ P 2 (wellB)~ T35 (wellC) B
RIE o BRRIEEERF - T E SR 2v 2 - v BTG Ledefue TR R o 2ed e R
Kperabokimgr o * TR (PR ) & TR S L hERIF P RE6BI FIFRE
B R RN E R Birkea (PF) B TRERN

TRIFREE sﬁ'—’}ﬁ—r & Bl4c® 2.13 #1710 TR a2 'F:v I Rty I N N 3 )

wfePVC F2vd 2 F202 BB 05m> B enl Rl EiP Bk #F TURAR G TR IR B T

Ted 2 gRIEFEP-2F A %2 B B2 EREAw 7 PIRRACERTZT AR
Bloopteh g Ted 2 geny — pipg b 2 g 24 p AR T (free convection) 0 o
WERAERFELK T LI RAGEN FRELFIH R T ELE P B DE S

FooedEd 0 E ERE é’*‘wb xﬁﬂf‘*"m E 3| F grenpE L few e PVC F A RBAEE G -
HPEEE o R RE RS E TR RS S L 0 F a T B DRE  BA

Pﬁﬂ%lﬁﬁiﬂfﬁﬁiﬂﬁﬁ°ﬁ§wwﬁ%ﬁiﬁ2mwm5ﬁéiﬁﬂm&
E Sl S

kiEtakRFR (BEF AR A ® ) d 253 7250 w5 360310 2 360cm - @ R R
E T P R FERPIE 20cm~40ecm >~ 75ecm ~ 125ecm >~ 225¢cm 2 360cm (¥ 5 1 v
BUPIY BRI EBGEIFR G 310cm) e P PFavk 232 B RIFERIFRE L ~ THA R 2R T
IR ERRIY S IR Mo 2 F FFEAT L W3100m s B IREA Z B R E
WFRR e 27 FFR - R B IR A 310cem SuF R (R 2.14) 0 gt ¢ > & i LR
H 2Pk ARG AR R NP R R R BRI A H AE Y vk 23 5 InSitu
#r4 & e Troll 400 » 38 & 3+ 5 VEMCO #12 # & Minilog-11-T » & 3e4k@ "R avk 230
% Eijkelkamp #14 # =7 Mini-Diver -

*E L EY VECOM #74 & 2 Minilog-11-T g 5% 8 23 (B 2.16) 277 KR

Ble Bl BMA 2 AL L 0 75 B Minilog-1I-T 28 & 44 ;ﬁ'lﬁ/? 157 %k % I
r)’imﬁ’.&%‘f“ 7\%’%«5’. e oo PENERIZ RIPAVRNRS ER RPN BRER B
B BT ML LR REAREE R t‘é#&4@%ﬂﬁﬁl LEF R FaaE /T %

’\léﬁim"m;b s WF BB FERR T PRI RSB T P TEREIRT RED
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i AP U PR
F %Rz ZRAF LR X A Y

ek

i FEFH A

2]
Rl

=

e i

ol 279282 2690537 1950-2014 = 1961-2015 & 1961-1968 #, 1985 & 1988 &

1970 & 1-4 * ,1976 & 10-12 * ,
1970 & 1-4 * ,1976 & 10-12 * ,
P 277315 2686660 1970-2014 = 1970-2015 & 1981 & 1-6 ' ,1982-1985 &,
1978 # 287 ,1981 & 1-6 *
1988 #,2015 * 3 *

SEB AL 276008 2694265 1967-2002 &
THL 285819 2692008 1967-2002 &
Feol 278551 2699559 1969-2016 & 1969 & 1-7 7 ,2016 # 1-8 *
Eiae 280851 2686573 1970-2002 =
Lk 284995 2699838 1958-2014 = 1958 & 1-6 *
LiR(p ) 284995 2699838 1995-2016 & 1995-2015 & 1995 & 1-6 * 1995 & 1-7 7 ,2015 & 4-12 *
1985 # 10-12 # ,1986 # 10 7 ,
mHES 285760 2697911 1985-1998 & 2012-2015 # 1985-1998 & 1999 #-2011 #
1998 & 12 *
P —|
R ZRAF SR X ZERAF SRy BB i R
Y 280275 2693429 1969-2015 & 1984 & 2/29
1999 # 9 7 , 2005 & 7/18-8/17,2008 & 7/28-10/13, 2012 &
3 %R 280009 2692080 1996-2015 &

7/10-2013 & 1/15




%22 fo % dp s s R & (3 8- P McKee et al. (1993))

SPI {& REIBE BABE
0~-0.99 s F 34%
-1.00 ~ -1.49 PEHT 9.29%
-1.50 ~-1.99 g LT 4.49%
<-2.0 AR 3% 5 5 23%

# 2.3 In-Situ Level Troll 400 -k ;8 /& 4 8-k i=3+2 Baro Troll p 3-8 5 B2 4R

General
Temperature ranges*

i

" Level TROLL 400

Operational: -20-80°C (-4-176°F)
Storage: -40-80°C (-40-176°F)
Calibrated: -5-50°C (23-122°F)

Level Baro TROLL

Operational: -20-80°C (-4- 176°F)
Storage: -40-80°C (-40-176°F)
Calibrated: -5-50°C (23-122°F)

Diameter 1.83cm (0.72in.) 1.83cm (0.72 in.)
Length 21.6 cm (8.51in.) 21.6 cm (8.51in.)
Weight 197 g (0.43 Ib) 197 g (0.43 Ib)
Materials Titanium body; Delrin® nose cone Titanium body; Delrin nose cone
Output options Modbus/RS485, SDI-12, 4-20 mA Modbus/RS485, SDI-12, 4-20 mA
Battery type & life? 3.6V lithium; 10 years or 2M 3.6V lithium; 10 years or 2M
readings readings
External power 8-36 VDC 8-36 VDC
Memory Data 2.0 MB MB
records® Data logs 130,000 65,000
50 logs 2 logs
Fastest logging rate 2 per second 1 per minute

Fastest output rate

Modbus: 2 per second
SDI-12 & 4-20 mA: 1 per second

Modbus: 2 per second
SDI-12 & 4-20 mA: 1 per second

Log types

Linear, Fast Linear, and Event

Linear

Sensor Type/Material

Piezoresistive; titanium

Piezoresistive; titanium

Range

Absolute (non-vented)
30 psia: 11 m (35 ft)

100 psia: 60 m (197 ft)
300 psia: 200 m (658 ft)
500 psia: 341 m (1120 ft)

30 psia (usable up to 16.5 psi; 1.14
bar)

Accuracy +0.05% full scale (FS) +0.05% FS
+0.1% FS +0.1% FS
Resolution +0.005% FS or better +0.005% FS or better

Units of measure

Pressure: psi, kPa, bar, mbar, mmHg,
inHg, cmH20, inH20 Level: in., ft,
mm, cm, m

Pressure: psi, kPa, bar, mbar, mmHg,
inHg, cmH20, inH20

Temperature Sensor Silicon Silicon

Accuracy* +0.1C +0.1C

Resolution 0.01°C or better 0.01°C or better

Units of measure Celsius or Fahrenheit Celsius or Fahrenheit

Warranty 3 years 3 years

Notes Temperature range for non-freezing liquids. 2Typical battery life when used within the

factory-calibrated temperature range. 21 data record = date/time plus 2 parameters
logged (no wrapping) from device within the factory-calibrated temperature range.
4Across factory-calibrated pressure range. >Across factory-calibrated pressure and
temperature ranges. ®Up to 5-year (total) extended warranties are available for all
sensors—call for details. Delrin is a registered trademark of E.l. du Pont de Nemours
and Company. Specifications are subject to change without notice.
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#. 2.4 Eijkelkamp Mini-Diver -k 38 B 4 38K i=2b 2 44

DI 501 - 10 meter water column

DI 502 - 20 meter water column

Pressure Pressure
range 10 mH20 range 20 mH20
accuracy +0.5 cmH20 accuracy +1.0 cmH20
resolution 0.2 cmH.0O resolution 0.4 cmH>0
D1 505 - 50 meter water column D1 510 - 100 meter water column
Pressure Pressure
range 50 mH20 range 100 mH20
accuracy +2.5 cmH20 accuracy +5.0 cmH20
resolution 1.0 cmH20 resolution 2.0 cmH20
Temperature Wetted materials
range -20 °Cto 80 °C housing Stainless steel (316L)
compensated range 0°Cto50 °C O-ring Viton®
accuracy +0.1°C pressure sensor Ceramic (Al203)
resolution 0.01°C cap/nose cone Nylon PA6 30% glass
fibre
Other

operating elevation range

300 to 5,000 m MSL

memory 2 X 24,000 measurements
battery life 10 years with 1 minute or greater sample
interval within the compensated temperature range
weight 55 grams
sample interval 0.5 second to 99 hour
sample method fixed

Other specifications according to the Diver manual.

4 2.5 Mini-Log Il p +*;%8

2 g

Specifications

Temp Range: -30°C to +80°C Battery Life: 10 years at typical sampling rates (1
sample per 2 mins)
Temp Accuracy: Specified: +/- 0.1°C from -5°C to Submersible: Up to 500m
35°C
Resolution: 0.01°C Storage: 1-million samples per deployment
Weight in Air: 52.2 ¢ Sample Rates: 1 sample per second to 1 sample per
Weight in Water: 115¢g day

Physical:

Clock Stability:

Length: 9.8 cm
Diameter: 2.3 cm
Weight: 52.2 g

+/-1 minute per month

Start Time:

Thermal Time
Constant:

Delayed or immediate study start
date selectable

63% at ~2min 30 sec, and 90% at
less than 5 min, both in stirred bath
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231 £A BRI RPIHEFZE T i RE T oA § E[mm]

Pl Jan | Feb | Mar | Apr |May | Jun | Jul |Aug | Sep | Oct |[Nov | Dec |iz% |iR% | #
L 92| 172| 190f 190| 266| 327| 236| 273| 247| 102| 68| 71| 783| 1453| 2236
121 86| 179| 202| 232| 299| 322| 211| 264| 196/ 90| 60| 71| 817| 1384| 2154
TEBL L 79| 188| 197| 185| 285| 256| 170| 233| 203| 96| 56| 59| 763| 1243| 2006
T, 87| 157| 157, 158| 232| 268| 209| 285| 285| 138| 62| 62| 682 1418| 2101
Fo L 81| 143| 160{ 172| 252| 225| 206| 278| 248| 121| 64| 72| 679 1314| 1993
4% L 106| 207| 223| 247| 359| 388| 287| 327| 299| 150/ 77| 80| 941| 1810| 2750
&R 89| 116 109 107| 167| 201| 264| 376| 427| 292| 175| 118| 998| 1721| 2428
Lok(p #) | 121 158 127| 137| 201| 213| 354| 412| 423| 384 224| 181 959| 2028| 2889
PR S 63| 151| 137, 157| 182| 202| 155| 294| 175 66| 38| 52| 593| 1073| 1667
332 LA BRI EPIH R E S0 g~ RE T 2 it 48% (Mann-Kendall &

7 R R e R

Pl b Jan | Feb | Mar | Apr {May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |iz% | /&% | #
TE L 0.28 [-0.55|-0.55| 1.08 | 1.24 |-0.37| 0.28 |-0.32|-0.99| 0.99 |-0.60| 1.21 | 0.77 | 0.25 | 1.11
oy -1.46|-0.85(-0.18| 0.09 |-0.18|-0.54| 1.21 |-0.37|-0.33(-0.27| 0.00 | 1.23 | 0.22 | 0.92 | 1.60
HEH 02721098 |0.96|1.57|-0.34|-1.16|-0.47 |-0.44|-1.86|-0.21|-0.46| 1.56 | 1.97 |-1.21| 0.56
T4 1-0.23(-0.17(-0.27| 1.57 |-0.23|-1.01|-0.31|-0.52|-0.85|-0.66 |-0.82| 0.66 | 0.08 |-1.07 |-0.98
Fl -1.57/-0.05(-0.17| 0.43 |-1.90|-1.17| 1.31 |-0.12|-1.27| 0.24 | 0.29 | 1.01 | 0.18 |-0.18| 0.27
L 1.35|0.56 | 0.82 | 1.14 (-0.98 |-1.03| 0.16 |-0.96|-1.30| 0.70 |-1.77| 0.74 | 1.39 |-1.40| 0.02
R 1.280.98 [-0.60| 1.22 | 0.77 |-1.45| 0.17 |-0.51|-0.97| 0.86 {-0.49| 3.20 | 1.44 | 0.05 | 0.65
L k(p $)|-0.96|-1.12|-1.40| 0.08 | 0.80 |-0.80| 0.18 | 0.26 | 0.48 |-0.55(-0.40|-0.55|-1.04| 0.08 |-0.48
B REH |-076|1.15(-1.58|0.14 | 0.91 | 0.05|1.53 (0.38 |-0.91| 0.32 | 0.26 | 1.79 | 0.05 | 1.10 | 1.67

433 LA BRI EPIHFZE D B RET A 2 LK

%7 Mann-Kendall # ¥ Z % 8 ¥ -k % )

(Theil-Sen £ % » &

R =k

Jan

Feb | Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

BE

#

T

B

EEHE L L

2.43

14.42

:l‘i[-l”l,

‘}':’l‘ L

L

LR

1.69

LR (p B

PRI
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234 LA BRI EBYPF2ZE Y BT RETHE A X R[]

P = Jan | Feb | Mar | Apr | May | Jun | Jul |Aug| Sep | Oct |Nov|Dec |§z% | /B% | &

Th oL 21 |17 | 18 | 18 | 15 | 13 | 18 | 17 | 18 | 24 | 23 | 23 | 122 | 106 | 228
ol 22 | 18 | 18 | 17 | 14 | 14 | 18 | 16 | 17 | 24 | 23 | 23 | 121 | 105 | 225
LEH~L | 22| 18| 18 | 18 | 15 | 15 | 20 | 17 | 17 | 23 | 23 | 24 | 123 | 106 | 230
LA 22 | 17 | 18 | 18 | 15 | 14 | 19 | 16 | 17 | 22 | 23 | 24 | 122 | 103 | 224
Feul 21 | 18 | 18 | 17 | 14 | 15| 20 | 17 | 16 | 22 | 23 | 23 | 120 | 104 | 224
¥l 19 | 17 | 18 | 17 | 13 | 13 | 16 | 14 | 15 | 19 | 20 | 21 | 112 | 93 | 202
Rk 17 | 15| 18 | 18 | 14 | 14 | 17 | 13 | 11 | 13 | 13 | 15 | 97 | 82 | 179
Lih(pd) |10 9 | 14 |12 | 10 |11 | 14| 9 5 6 8 8 | 62 | 54 | 116
;RS 25 | 18 | 22 | 19 | 18 | 18 | 23 | 20 | 19 | 26 | 25 | 24 | 133 | 124 | 257
4 35 LA Bl BB R 2. & ~ 0 s B S BRE & A X B2 %1483 (Mann-Kendall

WX Z 0 B YK X o R

B = Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |§z% |/B% | &
Tk 1.34|0.23 |-0.02|-2.19(-0.72|-0.03| 0.42 | 0.42 | 0.14 | 0.16 |-0.36|-0.25|-0.58| 0.16 |-0.76
oy 1.06 | 0.60 | 1.10 |-0.41|0.94 |-0.47| 1.01 | 0.63 | 1.53 | 1.38 | 0.86 |-0.39| 1.48 | 1.15| 1.29
& FH < 0(-1.441-1.26(-0.21(-1.21| 0.43 | 0.21 | 0.35 |-0.96| 0.14 |[-0.09|-0.23|-1.86|-1.96 |-0.29 [-1.08
40 10.38(0.18(0.82(-1.82(0.18 |-0.17| 0.17 |-0.93|-0.14|-0.37| 1.21 |-0.69 |-0.50|-0.50|-0.96
Fed -1.15/0.27 | 0.16 |-1.18| 0.85|-0.15| 0.14 | 0.09 |-0.11| 0.18 |-0.92|-1.40|-1.42| 0.36 |-0.63
4% L -0.67-0.89(-0.53|-1.23| 0.14 | 0.00 |-1.89-0.60(-0.72|-1.23|-0.42|-1.35|-2.15|-1.73|-2.49
R -2.25|-1.53(-0.77 |-1.54|-0.14| 0.62 | 0.74 | 0.22 |-1.06 |-1.88|-0.02|-3.69|-3.05|-0.53|-1.85

L h(p $+)|-0.40( 1.56 | 0.80 [-0.36|0.00 | 0.56 | 0.33 | 0.77 | 0.59 |-0.04| 0.70 |-0.33| 0.84 | 0.80 | 1.28
FH R 014 (-0.33] 1.62|-0.48(-1.39| 0.43 |-0.29(-0.86| 0.91 |-0.38|-0.24|-2.16 |-0.33|-0.53|-0.62

36 LA BRI EBIHF2ZE ! s E50 s BT R A X 2 g4 F (Theil-Sen & F »
887 Mann-Kendall # % Z @3 ¥ k%)

R

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

ik

BE

3

%L

-0.07

7

EERA L

-0.50

TN

FL

0

-0.44

-0.23

LR

-0.10

-0.17

-0.48

LiR(p #)

A1 LS

-0.43

35




337 LA BRI BB E - 8 s B ar s JRE T30 & o5 & [mm/day]

A Jan | Feb | Mar | Apr [May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |5z% |;&% | #

Es AN 9.57 |14.26|14.99|15.54/16.12{19.55|19.34|20.14|19.94|18.60| 9.56 | 9.16 {13.19/19.28|16.61

w5 9.20 [13.87|14.27{15.61|17.03|19.11|16.33|17.71|14.15(14.92| 7.30 | 9.07 |13.18|17.31|15.51

& EH <. 9.35(15.12|15.30(14.21|17.46|16.65|13.87|16.58(15.52|13.44| 8.03 | 8.63 {12.90/16.01{14.80

T AL 1979 (11.67|11.14|11.90|14.51|16.22(17.41|18.37|20.71(16.02| 8.85 | 7.81 |11.20|17.65/14.95

F ol 8.41 |11.24|11.86{12.21|14.89|14.67|18.38|19.34|17.59(13.99| 7.53 | 8.65 |11.05|16.89|14.32

e 9.02 [14.99|16.04/16.94|19.96|22.96|19.72|20.18|19.24/13.19| 8.07 | 8.76 |13.15|19.86|17.10

LR 6.54 | 8.10 | 8.90 | 8.44 | 9.81 |12.41|18.23|20.93|23.12(16.22| 9.97 | 7.40 |11.86|17.32|13.29

LiR(p #0)|5.65|7.95|7.38|7.13]9.98 |11.28(20.24(18.32|16.78|15.03|10.24| 7.87 | 7.96 [15.62(11.93

FH EH |9.57(11.15/13.30{11.95/14.98(14.17|19.28|25.11|21.18(10.72| 7.01 | 7.09 |11.39|18.92|15.40

.38 LR BRI EBIHFZE -8 s B0~ BRE A 5 B2 % 48% (Mann-Kendall
T ZE o AR F LR iR )

B = Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |§z% |5 | &

Tk oL 1.04 |-0.01|-0.30|-0.16| 0.90 |-0.38| 0.05 {-0.28 |-1.13| 1.08 | 0.04 | 1.51 | 0.69 | 0.43 | 0.74

™y -1.10|-0.25| 0.58 | 0.21 | 0.64 |-0.89| 2.22 |-0.31| 0.31 | 0.84 | 1.60 | 1.94 | 1.50 | 1.85 | 2.67

&iEH <1 148(1.02|099|230|0.41(-0.74|-0.70|-1.02|-2.12|-0.29 |-1.34| 0.74 | 1.34 |-1.53|-0.37

T4 1-0.02]-0.43]0.59 | 0.99 |-0.15|-1.77(-0.03 |-0.76 |-1.59 |-0.85| 0.13 | 0.65 | 0.17 |-1.28|-1.40

Fe ol -2.90| 0.06 | 0.12 |-0.30|-1.95|-1.66| 1.65 |-0.26 |-1.08 | 1.07 |-0.50| 1.05 |-0.37| 0.52 | 0.16

¥ 1.42/0.84|1.44|1.00|-0.52|-1.03|-1.11|-1.11|-1.36| 0.26 |-2.45| 0.06 | 1.14 |-2.05|-0.93

LR -0.04|0.51 |-1.61|-0.05| 1.31 |-1.08| 0.36 |-0.26|-1.74{-0.29|-0.61 | 1.57 |-0.11|-0.64 |-0.76

Lk(p #)|-1.12]-0.56|-1.24 | 0.00 |-0.22 |-1.28| 0.26 | 0.48 | 0.92 |-0.04| 0.40 |-0.55|-1.60| 0.32 |-0.24

7B RE3 |-1.19|0.81|-1.48|-0.43|-0.53|-0.14| 2.01 | 0.00 | 0.43 | 0.69 | 0.92 | 1.05 |-0.33| 1.00 | 1.39

%39 ta Rl RBHRLE P @i BEEARAZ RS (Theil-Sen # 5 > i
%+ Mann-Kendall # % Z @ id 88 % -k %)

B = Jan | Feb | Mar | Apr | May | Jun | Jul |Aug| Sep | Oct | Nov |Dec |iz% | &% | #

%L

N 0.23 0.13

S L 0.26 -0.24

EFTIN

Jf."k‘ i -011 '015

b -0.16 -0.14

LR

Lik(p$)

AR 1.11
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% 3.10 % & & pzb>t I g 2. SPI-3 ~ SPI-6 ~ SPI-9 2 SPI-12 z_ & i 484 ( Mann-Kendall

BRZE M E KR )

P =k SPI SPI-L | SPI-3 | SPI-6 | SPI-9 | SPI-12
SPI>0(# i% %) 0.08 0.79 0.71 131 154

%0 0=SPI>-1.0(= ki %) -0.09 0.45 -0.75 -2.16 -1.02
1.0=SPI>-15(* Biz%) | 0.26 -1.07 -0.53 -0.21 -0.85

SPI>0(# #2 %) -0.24 1.66 1.63 2.06 1.94

T 0=SPI>-1.0(d= #iz % ) -0.48 -0.64 -0.65 -0.66 -0.37
-1.0=SPI>-15(" Biz%) | 2.70 0.29 0.36 0.76 -0.13

SPI>0(# i %) 0.66 111 -1.62 1.31 1.05

A1 L|0=SPI>-1.0(#E iz & ) 0.29 -0.25 0.19 -1.15 -0.23
-1.0=SPI>-15(¢ Biz%) | -0.69 -1.07 0.03 -1.45 -1.48

SPI>0(# i %) -1.68 -0.19 0.31 -0.12 -1.13

T4 |0=SPI>-1.0(d Hiz % ) 1.16 1.18 -0.26 -0.63 0.07
-1.0=SPI>-15(* Ric%) | -111 -0.74 0.25 -0.14 0.46

SPI>0(7 §2 %) -0.07 0.49 0.20 0.24 1.19

pedr [0=SPI>-1.0(d iz %) -0.72 -0.93 -0.97 -0.47 -0.94
-1.0=SPI>-15(* Biz%) | 0.77 114 0.42 0.72 0.28

SPI>0(# i %) -0.47 -0.45 1.02 0.77 0.86

0 [0=SPI>-1.0(#= Hciz & ) 0.47 1.10 -0.85 -1.35 -1.35
-1.0=SPI>-15(* Biz%) | 0.0 -1.04 0.37 0.19 0.09

SPI>0(# iz %) 0.89 1.52 0.62 1.20 0.46

2k |0=SPI>-1.0(4 #ciz & ) -0.92 -0.40 124 -1.43 -1.03
-1.0=SPI>-15(* Biz%) | 065 -1.81 -1.43 -2.03 -1.78

SPI>0(# §% %) -1.06 -0.96 -1.60 -1.76 121

LRp 5 [0=SPI>-1.0( iz %) 1.33 1.00 176 1.47 1.07
-1.0=SPI>-15(* Biz%) | 0.00 1.62 0.48 -0.85 0.99

SPI>0(# i %) 0.86 0.33 -0.48 0.24 0.86

A1 R H [0=SPI>-1.0(4 Aciz & ) -0.29 0.43 1.48 0.67 0.72
-1.0=SPI>-15(¢ Biz%) | -0.05 0.48 -0.74 -1.05 -0.53
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Jan

Feb

Mar

Apr

May

Jun

Jul
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i

BE

#

2.22

3.37

4.50

4.98

6.19

9.09

7.33

11.06

10.4

7.34

3.36

2.55

3.49

8.47

6.04

0.45

0.62

0.64

0.63

0.79

1.27

1.34

2.75

2.49

2.17

0.91

0.70

0.65

1.77

1.20
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% it 4% (Mann-Kendall & z_Z

Jan

Feb | Mar

Apr

May

Jun

Jul

Aug

Sep | Oct

Nov | Dec

ic%

BRE|

1.18

1.15-0.22

0.22

0.34

-0.72

1.48

1.10

0.08

0.64

1.12]2.10

1.26

0.80 | 1.64

1.12

-0.56/| 0.16

0.72

1.68

-1.12

0.48

1.58

1.11

1.48

1.130.87

-0.16

2.00|1.84

# 3.13

~ e
Ling

B 2T B HP R 2

2 by Lo R ok E 5 &% o<
'&‘g‘?gb‘/,%ﬁl’l“LL%‘]L

7 Mann-Kendall # % _Z &% & % K % )

Z (Theil-Sen

gL WA

iR b

Jan

Feb

Mar

Apr

May

Jun | Jul

Aug

Sep | Oct

Nov | Dec

i

#

B

0.02

3 BE

0.06

# 3.14

)Ié- ‘/n

B RPN 2 R n B 2 T i [oms)

1-day
min

1-day
max

3-day
min

3-day
max

7-day
min

7-day
max

30-day
min

30-day
max

90-day
min

90-day
max

1.33

1134

1.36

73.68

1.40

46.39

1.61

21.64

2.57

12.43

0.19

36.42

0.21

22.16

0.22

13.13

0.29

5.43

0.44

3.23

# 3.15

2
v
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B P EE YL EP R 2Rz B 20 % 48% (Mann-Kendall & 2. Z & > £ 8 F K

R

1-day
min

1-day
max

3-day
min

3-day
max

7-day
min

7-day
max

30-day
min

30-day
max

90-day
min

90-day
max

- R
&

2.56

1.21

2.53

1.15

2.23

1.21

2.33

0.92

1.48

0.84

4 %

03
-+

1.39

1.31

1.57

1.57

2.09

1.66

2.09

1.57

1.83

2.00

% 3.16 ‘_n/n ’EL/? "&‘&ﬁ,/? .ﬁPF'& fé%/ %;%]L &

(

Theil-Sen

BAZEEHFRES)

£ % W ka5t Mann-Kendall

B 1-day | 1-day | 3-day | 3-day | 7-day | 7-day | 30-day | 30-day | 90-day | 90-day
A min max min max min max min max min max
" oot 0.01 0.01 0.02

s

4 %

0.01 0.01 0.06
(K
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% 3.17 ;‘_3»/ ’E‘\"\F’/\ﬁ/? | Hp R 2. '&F\J‘iﬁlmﬁi‘aé\f—f '&F\J‘iﬁ R R :‘Q:[CmS]‘le'E«E
o2 1 T
R AN TR | EpTEGEREOF | FEREGEE
= R 0.55 -0.21 73.57
7 k% 0.063 -0.049 89.1
%318 Lin BRI EBI R EPN TR B ek BN TR R R0 Foms] ~ B E &

P v ig‘”ﬁi7 f%‘ ILL’:E“ (Mann Kendall A 1§5«?—§$ J\.E'ﬂz '1‘}1"3&’}7-9 )

iR =k AN TR EH A F | EPNTIRF P R S i o
= R -3.45 2.93 442
3 Mk -0.28 1.03 1.84
4% 3.19 &n :‘E'J‘J»*“E‘ii? B2 & T3 e~ & ) T E RS S [oms] ~ 2 F& &k
B =c ez %0 5 (Theil-Sen £ & » A7 Mann-Kendall & <. Z @ &g ¥k # %)
B = ‘&P\lij/ﬁ“'_igét—f «'-:‘P\'If”m TR b & & &0 ¥ iF =T #ic
= R -0.0104 0.0029 0.67
4 %%

2320 & FIRBIETEBIHFZE 0 S #i RE TR R [A C
Bz | Jan| Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |iz% | &% | #
.1 18.70/10.32|12.85|15.64|17.73|19.12|20.00|19.45|18.67|16.37|13.30| 9.97 {11.79|18.55|15.20
755 (8.33/10.13(12.76|16.13|18.75|20.29(21.00{20.15|18.61|15.58|12.46| 9.12 [11.53|19.08|15.42
7B R $-18.86/10.10/13.70(16.69|18.84|20.76|21.48(20.78|19.11(16.71|13.38|10.02{12.16|19.68|16.02
L p #1489 6.69 | 9.37 {12.12|14.39(16.26|16.72|16.32|14.85(12.17| 9.54 | 5.62 | 7.94 |15.09|11.63
% 321 % 5}4 BB EE T BRLIP P R 2. &N E S LR Tl /ﬂﬁli—jm_}i % i A5 % (Mann'Kenda”
wEZE EHF J\—?%«'Hﬂﬁﬁ—@#)
B = Jan | Feb | Mar | Apr [May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |§z% | &% | #
T L 075|224 1213|192 |4.46 489|459 |4.65|4.02|2.64|196|-0.09|2.39|5.12|3.98
w5y |-4.22(-3.17|-3.57|-2.39|-1.21|-0.04|-0.41|-1.96 |-4.78 | -4.36|-3.13|-2.55 | -4.65| -3.98 | -5.00
B REH082)|1.26|2.00]0.07|0.22-2.45|-0.67|0.07 | 1.11|0.00 | 2.75 | 1.77 | 1.70 |-0.67 | 0.96
Lpp H|-2.40(0.16 |-1.12|-2.35|-0.17 | 0.00 |-0.88|-1.12| 0.56 |-2.40|-1.04 |-2.24|-2.46|-1.44|-1.68
%322 L F RPIHEPIHTE Y B BREFTIEEFR 2 S (Theil-Sen & 5 >
¥ A7 Mann-Kendall # < Z @i 8 ¥ -k % )
Bl =E Jan | Feb | Mar | Apr (May| Jun | Jul | Aug | Sep | Oct | Nov | Dec |5z % |;&% | #
b5 AN 0.030.02 0.04/0.05|0.05{0.05|0.05|0.03|0.02 0.02{0.05|0.04
75 |-0.10|-0.07(-0.06|-0.03 -0.03(-0.07|-0.11|-0.08|-0.08|-0.08{-0.03{-0.06
FHREF 0.20 -0.10 0.16
Lkp $-0.12 -0.08 -0.09 -0.10}-0.05
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% 3.23

EFRBIRPIHFLE ) B BREEFEARZ TH[A C]

B = Jan | Feb | Mar | Apr [May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |iz% |&2% | #

L |16.71/17.58(19.73|21.96|23.40|25.04|27.01|26.32|25.60|23.85(|21.22|18.23|19.24(25.21|22.25

755 |17.96|18.69(20.82(22.93(24.33(25.94|28.11|27.52|26.64|25.08|22.29|19.26|20.42|26.31|23.47
Lkp B 8.82(11.04{14.40{16.75|18.63|20.52|21.66|21.02|18.84|15.69|13.02| 9.25 |12.10|19.38|15.88
# 324 LG EPIHVEPIHTLE S A5 BEEF IR AR EAES (Mann-Kendall

HEZiE o R E KRS o R

B = Jan | Feb | Mar | Apr [May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |§z% | &% | #

TE L 0.63|1.13(1.72|0.72|2.10|1.72|0.80 | 0.93 | 1.25|0.71 | 1.20 |-0.64| 1.77 | 1.30 | 1.95

5 [-1.82(-0.28|-0.22|-2.04|-1.37|-0.40|-1.30|-1.74|-1.42|-0.92|-1.07 |-3.33 | -1.74|-1.83 | -2.00
LiRp #|-3.99(-1.04|-2.48|-3.48|-3.48|-2.96|-3.43|-3.83|-2.16|-3.51 | -3.19|-3.59 | -4.23 | -4.31 | -4.47
# 325 & F RBIEEEPIHE2ZE S s H5r s REERFIE R Z R F (Theil-Sen £ 5

W82 Mann-Kendall # ® Z @2 3 ¥ -k % )

B = Jan |Feb| Mar | Apr |May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |5z% |/R% | #

TE L 0.04

iy -0.07 -0.08 -0.04
Likp # -0.23 -0.18|-0.19|-0.11(-0.12|-0.09|-0.09 |-0.09|-0.21 |-0.14 |-0.20|-0.15(-0.10|-0.12

% 326 2 F BBIHAEPIHEFLE D B REFEE R 2 TR C]

B = Jan | Feb |[Mar| Apr | May | Jun | Jul | Aug | Sep | Oct |Nov|Dec|iz% | 2% | =&

ol 14.26/5.85(8.29(10.69(12.90|14.24|13.99|14.19|13.38|10.68 | 7.984.88 | 7.00 | 13.22|10.15

755 |4.30/6.25/8.66(11.48|13.97|15.31(15.03|15.25|14.13|11.47 |8.43|5.22| 7.42 | 14.20|10.93
Lhp $1.63(3.22(5.50| 8.70 [11.30|13.28(12.91|12.70(11.48| 8.98 |6.50(2.46| 4.57 |11.73| 8.27
7 327 2 F Rplzb R F2 & 0~ Hgp s JREBOOR R 2 %14 48% (Mann-Kendall

WX Z 0 R ORI o R

B = Jan |Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct |Nov| Dec |5z% | /&% | #

TE L -1.08(0.63|-1.28| 0.91 |-0.71|-0.38/0.43|-0.48 |0.14|-1.07 | 0.53|-0.09 | -0.48 | -0.46 | -0.61

oy 099 (194|169 |284|0.76 | 1.92 |3.02| 1.71 |2.88| 1.18 |1.72| 1.40 | 2.56 | 3.29 | 2.79
LihpH|-1.8410.88/-0.88|-0.44| 2.05 | 2.48 |1.28| 1.20 |1.28|-0.64 [0.48|-1.68|-0.99| 1.76 | 1.36

# 328 L F BBl EPIHEZE ) B~ BRFBGE R 2 %5 (Theil-Sen & 5 >
#2757 Mann-Kendall # % Z & 3 ¥k # ¥ )

B 2k Jan | Feb | Mar | Apr [May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |iz% | /&% | #
s 30

1 0.05 0.04 0.03 0.030.03 | 0.02
Likp B 0.11 | 0.04
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% 3.29 F 25 EET i £ £ B [cmg]
pEp\E7a Y-1 Y-2 Y-3 Y-4
212 24°23'27.54"N 24°23'26.55"N 24°23'24.68"N 24°23'22.92"N
- 121°21'02.58"E 121°20'54.97"E 121°20'54.60"E 121°20'51.94"E
2016/7/1 0.17 0.08 0.03 0.06
2016/7/14 0.26 0.17 0.15 0.15
2016/8/10 0.15 0.026 g7 & nde ok
2016/9/7 0.18 0.14 0.065 0.11
2016/11/9 0.16 0.067 LIS &1} 0.079
% 3.30 = FBIEETI R B E P E [ems]
p P \E7 o C-1 C-2 C-3
2016/7/15 2.21 2.24 2.26
pEP\ET C-1 C-2
44z 24°23'29.27"N 24°23'22.52"N
- 121°18'33.61"E 121°18'37.43"E
2016/9/8 0.67 0.61
2016/11/10 1.02 0.83
Ze 3.31 4L R ETI R B B P B [ems])
PP \ET 5 T-1 T-2 T-3
34 24°23'57.35"N 24°23'54.88"N 24°23'51.92"N
-7 121°18'32.10"E 121°18'32.45"E 121°18'33.02"E
2016/7/15 0.42 0.46 0.35
2016/9/8 33! 0.19 0.18
2016/11/10 B 0.46 0.33
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%3324 Snppld AT G B

el -} ¥ X T RE By P
(well A) (well B) (well C) (WL-1)
ERITRE 1+t ASES 1wt ASES 1wt ASES 2 v
SRR 07/15-09/13 07/15-09/13 07/15-09/13 07/15-09/13 07/15-08/10 07/15-09/13 07/15-11/09
09/07-09/13
g RS - - - Baro Troll - - -
S FER - - - Baro Troll - - -
I Mini-Diver - Mini-Diver Mini-Diver - -
PR - Level Troll 400 - Level Troll 400 - Level Troll 400 | Level Troll 400
IHEER Minilog-1I-T | Level Troll 400 | Minilog-1I-T | Level Troll 400 | Minilog-1I-T | Level Troll 400 | Level Troll 400
R - Multi-Parameter - Multi-Parameter - Multi-Parameter | Multi-Parameter

Troll 9500

Troll 9500

Troll 9500

Troll 9500
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# 333 F 52 (wellA) § & st 33t TR 4
(@ < F 0cm 20 cm 40 cm 75 cm 125 cm 225 cm 360 cm 360 cm
(baro) (mini-diver) | (minilog) (minilog) (minilog) (minilog) (minilog) (minilog) | (level troll 400)
=S
18.60 15.95 15.62 15.62 15.55 15.57 15.55 15.55 1491
(Mean)
e
¥ 0.06 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01
(SD)
PR
_ 17.13 15.59 15.26 15.27 15.20 15.23 15.25 15.26 14.82
(Median)
W'\ﬁ;:
17.13 14.88 14.87 14.94 14.74 14.87 14.76 14.74 14.64
(Mode)
L
wFL 4.88 1.36 1.21 1.19 1.19 1.17 1.08 1.07 0.61
(SE)
¥R
) 23.78 1.84 1.47 1.41 1.41 1.36 1.16 1.14 0.37
(Variance)
o] B
- 8.60 13.49 13.65 13.70 13.62 13.66 13.68 13.71 13.53
(Minimum)
Bt
: 32.60 22.54 24.17 23.14 22.60 22.78 22.13 21.49 21.08
(Maximum)
T g
5759 5757 5764 5764 5765 5765 5765 5765 5757
(Number)
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# 334 ¢ 252 (well B) § & #it 33T 4

(@ < F 0cm 20 cm 40 cm 75 cm 125 cm 225 cm 310 cm 360 cm
(baro) (mini-diver) | (minilog) (minilog) (minilog) (minilog) (minilog) (minilog) | (level troll 400)
T 5k
18.60 16.21 16.24 15.99 15.99 15.94 15.97 15.96 15.96
(Mean)
&R
Ll 0.06 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02
(SD)
PR
_ 17.13 15.26 15.45 15.41 15.40 15.36 15.41 15.42 15.49
(Median)
W'\ﬁ;:
17.13 14.63 15.20 14.81 14.73 14.81 14.87 14.77 15.15
(Mode)
L
wFL 4.88 2.60 2.24 1.73 1.72 1.72 1.70 1.66 1.51
(SE)
¥R
) 23.78 6.78 5.03 3.00 2.96 2.95 2.88 2.75 2.28
(Variance)
o] B
- 8.60 12.56 13.25 13.43 13.47 13.43 13.49 13.49 13.59
(Minimum)
BB
i 32.60 29.09 26.12 22.52 25.22 23.87 23.83 24.28 21.09
(Maximum)
TR e
5759 5715 5754 5755 5760 5761 5761 5761 5713
(Number)
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# 335 T 52 (wellC) f & st 33t TR 4
C < % 0Ocm 20cm 40 cm 75 cm 125 cm 225 cm 360 cm 360 cm
(baro) (mini-diver) | (minilog) (minilog) (minilog) (minilog) (minilog) (minilog) (level troll 400)
Ty
o 18.60 16.59 17.15 17.94 17.76 17.46 17.01 16.67 16.30
(Mean)
o
(SD) 0.06 0.02 0.03 0.04 0.03 0.03 0.02 0.02 0.01
‘:; T 7
Fw. = 17.13 16.49 16.50 17.19 17.45 17.52 17.29 16.58 16.30
(Median)
RN
¥ 17.13 16.42 16.08 16.25 15.88 18.82 17.54 16.42 16.39
(Mode)
i
(SE) 4.88 0.94 2.34 2.48 1.84 1.41 1.01 0.89 0.91
=3
%% & 23.78 0.87 5.50 6.14 3.40 2.00 1.03 0.80 0.84
(Variance)
ﬁ."ij‘ = 8.60 14.72 12.14 14.36 14.67 14.72 14.73 14.70 14.32
(Minimum)
ﬁ".ﬂ = 32.60 22.39 28.23 28.01 25.73 23.36 22.70 23.02 22.06
(Maximum)
sk
Ny 5759 3082 5756 3085 3085 3085 3085 3085 5757

(Number)
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121°14' 121°16' 121°18' 121°20'

121°22'

121°24' 121°26'

24°26'

24°24'

24°22'

24°20'

OF L

A RER
Y RBRE
M ) 35
Elevation(m)
[ 1,000 - 1,500
71,501 - 2,000
[12,001 - 2,500
[12,501 - 3,000
713,001 - 3,500
[T 3,501 - 4,000

24°18' =
On @i 5 - 1
- m
[ 1 'l 1 Il L 'l
B 21 &5 %% mRplskn b W
L o L B L 1.0 T T
I ] N
- 7 vV
08 - 0.8F
£ ]
= L ]
% 061 1 061
= L 4
g L J
z | ] v
S 04r 1 04F
E | ]
02F - 0.2
0.0 e 1 ";1: P R R A R ' 0.0 1 1 i 1
0 20 40 60 80 100 -3 1 ] 1 2

Precipitation (mm)

Bl2.2 F2~SPli 42 [B] (4 4+ p Benjamin,2012)
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Standardized Precipitation Index

P(SPI<-1)=0.158 P(SPI<-1)=0.158

-3 -2 -1 0 1 2 3
SPI

B 2.3 530t A 4048 5 0 G BI(IE &P SRR T R R ,1999)

w3 A E THA 2%

1 |[HFMWMAZAFE EArZ AT FHME ABr(EX)
FREREIT SRR ATFHHE 1-day min
FRK1BATFHE 1-day max

SR 3RARTFHE 3-day min

FRRIBATEHHE 3-day max

FRATRATFHE 7-day min

2 FRRT AT M 7-day max
R 30 BATFHM 30-day min
FRK30 BATFHME 30-day max
FRh 90 BAFFHME 90-day min
FRAK0 BAFFHME 90-day max

FRADTRATFHERFFHAT A Base flow

3 FEREZE LR FRX1BATHAHM Date max
SRl BAFHARR Date min

B AR XA R A E R HEFEHEERATZIRK Hi pulse #

4 HRBARATZ R Lo pulse #
LS Rk L] Hi pulse L

XA S S Lo pulse L

ih & S EVE E2 AREFHEWE Rise rate

5 ARTFHESE Fall rate
BEATHER K Reversals

B 24IHA 2 » 3554 (4 p Bmpi 0 2012)
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LA L =
k "t ste=0)
1—.

baseflow (mq’/s)
e

.ﬂ‘"w
n”’a/.dv;

(5]

day

B 25 ARG HE Y s k248w 8% (4 p Tungetal, 2004)

48




-132.0

(w) acepns punaib moaq [ana) Jaem o yideg

1323
1324

o @
g g

-1326

et 1321

¥

>~ -

m
]
o

=

]

-

3 ] b
(-] - -
(0ZH w) aunssaud suswaeg

8.2

Date

| — Barometric pressure (m H20) — Depth to water level below ground surface (m H2O) |

(a)

— Groundwater Level

[ Precipitation

Precipitation (mm)
g g8 8 8 8
(2] o~ -

o~ -

o
wn

D © ~

[o23 [ @ @ @
© (] (2] ™ el

(Isew) j9A8] Ja}eMpUNOID)

f

386
385 I

May May May May May May May May
2004 2005 2006 2007 2008 2009 2010 2011

May
2003

May
2002

Date

(b)

1 1
(=] wn =] w =] w =] w M

(W) [ana) wniep ybiay uejessmy voneas|3

288 a8 488 828
L L

1
5

T8 8 nomn

(W) 3jqeu=nem o3 yideg

zioz Anr

600 finr

900z Anr

£00Z Anr

oooz finr

L1661 Anr

¥66L Anr

Le6L Anr

886l Anr

s86L ANt

zasL Anr

6461 Anr

(c)

(a) %

il

Biv e

B 2.7 = TR

49



(b)

(d)

Bl 2.8 kU R4 NGk R Y P RS AR

o

(a)
External
er input
Venlnp
RS232 Snap.on
oruss connecior
conneclor
(c)
(e)

® 2.9 In-Situ Troll 400 A k8B 4 8-k imzti(a)A-RN RS @i RE TE&EE(F T4 )
(b) fﬁﬁ;ﬁi&f »(C) R > (d) Mini-Diver » (e) In-Situ Baro Troll (4 p
https://in-situ.com/products/water-level-loggers/level-troll-700-data-logger/ )
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https://in-situ.com/products/water-level-loggers/level-troll-700-data-logger/

B210 $ebdt ik (B~ = F&E (F) 25 %% () §¥rR2 Pk
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e <

B 212 4 %Eip At k2 BRERF 2 =8 (B ¥ =/&) 2By (° 8 2016/9/15
B o2 WA R )
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(c) e Minilog-II-T
©  Mini-Diver
B Level Troll 400
2o A 104 # 4
¥ water
; Stream 1 =_|| E %3 . table
A st:ge 09m ]_ s -’v_ _____
SoTEN R 2 W ET T (| ——— :
_______ i b 5 Py &4 GR)
EEACY o s - 04milfsle————({0.2m)
' ' +——(04m
1.1m y «———(0.75m)
e S ————(1.25m) = -
: 'P'VCwell- 3.72m HEEAHNT:
' ' 2 S EREO o L NS SR
(3.6m) - 3.71m +———(3.6m)
GRSt . (M)
Bl 2.13. e Bk & kR ER Y (WellA) 2 ek B (© i 2016/9/25 & 5 2 $ 48 W b o
)
(b) e Minilog-Il-T
® Baro Troll
©  Mini-Diver
B level Troll 400
2o -4 104 4
Water
: Stream r. ¥ table
e G stage ]_ R S0
T (AT I | — .
------- b I | UE A€ )
CES NACY R s 0.27m||fsde————(02m
+—(04m
<+——(0.75m)
52 +«———(1.25m)
..... 3'2m - Y ¢
: N eAea)
(3.1m) — 35m +———(3.1m)
CAR) s=roonn B (M)
B 214, ¢ MR ek 2 R EBIE (WellB) 2 fe ¥ B (@ @ 2016/9/25 & 5 2 1% 4% W b o+
)
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(a) e Minilog-II-T
©  Mini-Diver
Level Troll 400

25h 3 14 9 4

Water
VL% o table

Stream
stage
Y

°'4.8_'3‘]-_ || === B 4 GR)

LA

Pk A (4R)

PVC well =] 3.64m i

(3.6 m) *m}g 3.65m

(M &) (M)

Bl 2.15. T aERBOR & KRB Y (WellC) 2 ek B (© i 2016/9/25 & & 2 $ 48 e b o
&%)

B 2.16 Minilog-1l p 3z 5% 8 &3+

54



Ground-water, surface-water, and precipitation departures from monthly
means near Middle Dam, Lower Richardson Lake, ME (1999 -2002)
400

*2001-2002 data is provisional and subjectto change

EXPLANATION

DEPARTURE FROMMEAN, DIMENSIONLESS

-400 { —USGS Groundwater well 443647070552 302 (1944-2002)
——MNRCC Precipitation Station (1 _BAB—QDDQQ i X
sm —SGEE Streamflow-gaging station 01052500, Diamond River near Wentworth Location, NH (19412002
3283838825828 5z5555 582888
EEENEEEEENEEEEEN RN

MOHTH AHD YE AR

Bl 217 %@ ~ 3 2K 2w TRz BERF R 7] (4F p http://me.water.usgs.gov/gwswpi.html )
GAINING

Unsaturated
zone

R R T e

B 2187 k&mar@2 3 i 1(a) EE@P " ~(b) ma@ " ~(c)ind 2@ (P
Brunner et al., 2011 )
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PERENNIAL STREAM, A PERENNIAL STREAM, B

m GAINING REACH » /\/\/\j LOSING REACH 5
-]

5 E L~~~ S E LA~
g 8 g 8
g 8 g &
€ = (=
e time 2 /\/\/\ time

time 3 time

Soeam
o
Stream Gage

Seas
EPHEMERAL STREAM C EPHEMERAL STREAM D

WITHOUT FLOW z . q//_‘/\ WITH FLOW z
E = 5 =
: : E
g 2o g £
= L E
P~ time [

1219 mRd pgde T RFaF s eI v ()R d AR S EER L (b)
PRI RS o (C) KR E 2B R o (d) FoknF E @ e (3
A Stonestrom and Constantz, 2003 )

no streamflow

time, days

B 220 BEcfriminz @k %o B AR% ™ (4 p Constantz etal., 2001)
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Annual {or diurnal) streambed temperature profile

Stream
A
(afternoon)
Z
Downward flux
= Upward flux
v z=10m (or 0.5 m)

Increasing Temperature ——»
B 2217 ks & (P ) EARe %82 8 2% (4 p Stonestrom and Constantz, 2003 )
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