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Summary

Title: Development of agricultural drought evaluation technology based

on ICT-based real-time analysis of groundwater level
Periods: 2017.02~2017.12
1. Introduction

1.1 Research purposes

o This study was conducted to develop the agricultural drought evaluation
technology using real-time groundwater level data from nationwide agricultural
monitoring wells for the following purposes.

1) To improve the precision of existing agricultural drought assessment and
to establish the standards for coping with drought

2) To suggest new drought forecast and alert criteria reflecting the
characteristics of groundwater level change using agricultural groundwater
monitoring wells

3) Quantitative analysis of the groundwater descent phenomenon due to the
recent local drought using the time series analysis results from agricultural

groundwater monitoring wells

1.2 Research contents and methods

o This study was divided into the following five stages.

1) SGl(standardized groundwater level index) was calculated and used as a
criterion for correlation with SPI(standardized precipitation index) in Chapter
2(the agricultural drought and drought index).

2) The spatio-temporal distribution of agricultural drought and the ground-
water fluctuation results were analyzed quantitatively using long-term time
series data of groundwater level from agricultural groundwater monitoring

wells in Chapter 3(Utilization of groundwater monitoring network for
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drought evaluation).

3) The optimal SPI for the regional reservoir water rate index was determined
based on the accumulation period(AP) from the correlation analysis
between SPI and surface water hydrological data and the basis of surface
water-groundwater linkage model considering the groundwater supply
capacity was developed.

4) Accumulation periods in each monitoring well were determined by the
SGI and SPI correlation analysis and the groundwater level lower limits
were calculated from normal distribution curve with mean of 0 and standard
deviation of 1 in Chapter 5(the establishment of agricultural drought
evaluation criteria using the groundwater level factor). From these results,
integrated management method of the existing agricultural drought forecast
and alarm factors was suggested.

5) Finally, we examined the application methods for establishing the criteria
for agricultural drought forecast and alarm using groundwater level in the

future.

2. Drought index(standardized groundwater level index, SGI)

SGI is a new index for the standardization of groundwater time-series data
and the characterization of groundwater droughts. It has the same data processing
procedure as SPI which is a standardization index using time-series data of
precipitation.

The calculation method is based on the percentile data of annual time-series
data for making agricultural drought evaluation criteria using groundwater
level factor using the standard normal distribution curve with mean of 0
and standard deviation of 1.

The groundwater level is a continuous variable that does not need to accumulate
data during a specific period of time and does not need to do a normalization
process using a gamma distribution as in SPI calculations.

Therefore, it is possible to quantitatively evaluate the fluctuation of

_iX_



groundwater resources during drought period by normalizing the groundwater

time-series data from agricultural groundwater monitoring wells.

3. Utilization of groundwater monitoring wells for drought assessment

° In order to analyze the effects of recent droughts on groundwater system,
the groundwater level differences were analyzed for 74 agricultural groundwater
monitoring wells installed before 2012.

° The groundwater level in 2014, when the spring drought was serious,
decreased 0.13 m compared with the average value and the Gyeonggi-do
showed the greatest decrease by 0.34 m. In 2015, the national groundwater
level declined 0.07 m from the average and the Gyeonggi and Chungcheongbuk
Provinces showed the greatest drop of 0.30 m, respectively. The groundwater
level in 2016 declined by 0.02 m compared to the average and in
Chungcheongnam-do, Gyeongsangbuk-do and Gyeonggi-do, where the drought
was severe, the decline was as large as 0.53 m, 044 m and 0.39 m,

respectively.

4. Development of agricultural drought evaluation model considering

groundwater supply capacity

4.1 Time-series analysis of hydrological data

o Time-series correlation analysis of hydrological data shows that groundwater
level has a relatively shorter response period to precipitation than surface
water. In the case of dams and reservoirs capacity variation, correlation
with SPI of relatively long precipitation period(9-11 months) was high, and
groundwater was highly correlated with SPI of short accumulation
period(1-3 months).

o This result implies that the reservoir water reserves are constantly decreased
in long-term drought conditions, while the groundwater resources are not

reduced significantly.



4.2 Development of groundwater supply capacity evaluation model

o The concept of groundwater supply capacity is defined as the maximum
amount of water that can be supplied through groundwater well temporarily
(3-4 months) during drought period when the surface water resources are
insufficient.

° As a result of simulation using groundwater supply capacity evaluation
model, the groundwater supply capacity of the aquifer greatly varies
according to the allowable groundwater level drop of well, the number of
wells and arrangement, and the hydraulic characteristics of the aquifer.
Value. The groundwater supply capacity decreased gradually as the supply
period became longer and the allowable groundwater level decreased, and
the groundwater supply capacity decreased as interference distance decreased.

o Therefore, if the groundwater supply capacity is reflected in the drought
evaluation, it can provide a more realistic agricultural drought evaluation
result than the existing evaluation method, which mainly relies on the

storage rate of the agricultural reservoir.

5. Establishment of agricultural drought criteria using groundwater

level factor

5.1 Standardized groundwater level index(SGI)

° SGI changes according to the change of precipitation as a whole from the
result of analyzing daily SGI and precipitation data.

° As a result of correlation analysis between SGI and SPI from 68
monitoring wells and weather stations, AP showed mainly 1-3 months.

o Although short-term AP responds to short-term droughts, droughts longer

than this period have little impact on the groundwater system.
5.2 Groundwater level lower limits

o The drought stage was determined by the percentile analysis of long-term

time-series data from agricultural groundwater monitoring wells. The
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drought stage was classified as extreme drought(less than -2.0), severe
drought(-1.5 to —2.0) and moderate drought(-1.0 to -1.5) by SPI
classification to 5.4%, 12.95%, and 24.2%, respectively.

° The use of time-series data up to 2016 will result in a continual change in
the groundwater thresholds as data are accumulated. Therefore, the
analytical process proposed in this study will be installed in the homepage

(https://www.groundwater-m.or.kr) and updated every year.

5.3 Present integrated plan with the existing agricultural drought
forecast and alarm factor

o For the AP between the SPI-reservoir and the SPI-groundwater level, AP is
9 months for reservoirs in the Kongju area whereas the AP for the
groundwater well is 1 month. These results indicate that the reservoir
storage rate is affected by the 9 month period of agricultural drought,
while the groundwater well is affected by the 1 month of agricultural
drought. It is interpreted that the supply capability is sufficient because the
groundwater level is kept constant even though drought continues.

° As a result, it can be concluded that the two main criteria can be
integrated with the SPI and AP using correlation analysis between reservoir

storage rate and SGI to SPI.

6. Conclusions

o Various drought indicators using weather data, reservoir storage rate, and
soil moisture content have been developed and used for predicting agricultural
drought. In this study, we developed a drought index using groundwater
level fluctuation such as Standardized groundwater level index(SGI), and
conducted a study to precisely analyze the agricultural drought more thoroughly

through the existing drought index and comprehensive interpretation.

o

From the correlation analysis between SGI and SPI values at 14

groundwater monitoring wells in Chungnam Province, where drought was
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severe recently, and SPI values using the data of 68 nationwide
groundwater monitoring wells, AP values were 1-3 months and correlation
coefficient were high.

° The correlation results for the short-term months (1-3 months) indicate that
1) the short-term drought can be analyzed using the groundwater level
fluctuation value and 2) groundwater system are not much affected by
drought.

o Based on the results of these scientific analysis, the following conclusions
were obtained.

1) It was possible to develop agricultural drought index using groundwater
level fluctuation value. Using the current short-term groundwater level(30-day
moving average groundwater level), comparing the current short-term
groundwater level with the past record(lower 5.4%, 12.95%, 24.2%, and
so on), it is able to judge whether it was close to the groundwater level
during the drought period. Therefore, it is confirmed that drought forecasting
and alarming are possible by estimating the direction of short-term
groundwater level change over at least one month in the near future.

2) In terms of groundwater supply capacity, when the drought occurred, the
groundwater level could be lowered due to short-term(spring drought)
impact compared to the average groundwater level, but the width was not
relatively large. In fact, groundwater levels in the past three years
(2014-2016) were about -0.02 m to -0.13 m nationwide compared to the
average groundwater levels. In the simulation results using the groundwater
supply capacity evaluation model, the groundwater supply capacity in the
drought period was similar to the normal supply capacity. This is because
the groundwater level can be reduced by a short time(within 1 m) due to
the drought, but it does not cause a significant change in the groundwater
supply capacity of the aquifer.

o Consequently, the groundwater data can be used as a drought index.

Especially, if the current groundwater level is compared with the past
accumulated groundwater level, it will be useful for short-term(1-3 months)

drought forecasts and alarms. Moreover, as the groundwater system is
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analyzed to be less influenced by long-term drought, it is necessary to

establish a policy plan for groundwater utilization similar to the groundwater

supply capacity during drought period.
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SPI value Classification
2.00 < Extreme wet
1.50 ~ 1.99 Very wet
1.00 ~ 1.49 Moderately wet
-0.99 ~ 0.99 Near normal
-1.00 ~ -1.49 Moderate drought
-1.50 ~ -1.99 Severe drought
-2.00 > Extreme drought
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Y 222 EFAHATEEE o] &3 SPI A4t 4A
() FHAEEE, (b) YTFEE]
X 2-2. SPI 7F& &8 EFAHATEE R
SPI value Classification Percentile value
-0.99 ~ 0.99 Near normal
-1.00 ~ -1.49 Moderate drought 0.2420
-1.50 ~ -1.99 Severe drought 0.1295
-2.00 > Extreme drought 0.0540
o SPL RS WA AHE 1) QurA v MR EHS ol £,
gt AZF HAS = AbGo] 7hs3dtH, 3) PDSI & ©HE A3 H
qdH e s rdsit
o ole] wWIg SPIY WAL BAel Agd AWF FEF PE7 BSE
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B3t SPI= 7HEY tiEAQ] ARE AMA 77 TFHWMO)ol A AHE
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SPI2} 2] PDSIONA S 7lae Folxl A HolA HAA F23Fg°l 71+
>

Hog HAY FEIFF Huh A2 7|3te] ALEHe dHo=E

5 499
o] 71EE 2A wE7] A8 FEAANE BASY JMEAS AA S

3% 2-3. PDSIE ©] &% 7lw A=Y F&

Palmer value Classifications
4.00 < Extremely wet
3.00 ~ 3.99 Very wet
2.00 ~ 2.99 Moderately wet
1.00 ~ 1.99 Slightly wet
0.50 ~ 0.99 Incipient wet Spelt
0.49 ~ -0.49 Near normal
-0.50 ~ -0.99 Incipient drought
-1.00 ~ -1.99 Mild drought
-2.00 ~ -2.99 Moderate drought
-3.00 ~ -3.99 Severe drought
-4.00 > Extreme drought

- PDSIE AiFoz #dol Age EY ¢4 FF BAE S5

h b}
Astel ABH AL, BEAWHHY FoFF AYE o
e SIEEE

: PDSIE st FleAust 34 Eel ol g7bs 2
AR, ol UF YUARERE FUY, EFFRF, F
1 23

2= O I BLE
oRVE FEENS TFF
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o MetAl PDSI= FEEH 7MEAFE vAGH R AXSAY F43
714z WAl Hew, Ax3 AEolA Aoy ez |
st Afde skday &7, AFAY 79 F A7 S dFgs
TR Za JhEo] B HoE AAHT

223 EFA 8T A (SGI)
SPI9} 22 A3l #AHLE g #dF A9 AAE A5 L&A
=8, AFA el AFZ W3 (Vincente-Serrano and Lopez-Moreno, 2005),
2% W3} (Vincente-Serrano and Lopez-Moreno, 2005; Shukla and Wood,
2008; Lopez-Moreno et al., 2009; Vidal et al, 2010), EF & W3}
(Sheffield and Wood, 2008; Sheffield et al., 2009; Vidal et al., 2010,
2012), AEo] viEsF W3} (Fiorillo and Guadagno, 2010; 2012), &< 7]
7t AF o] A st=9] WM 3K(Bhuiyan et al., 2006) ol &9 v} AT},

3 AT sEFE dFoAE trE 2ET & =8 A 2F¢7
F7 -5 Ak eF R S (standardised  precipitation-evapotranspiration  index,
SPENE 73t AF83tal T (Vincente-Serrano et al., 2010; McEvoy
et al., 2012).

At Zokll e At AAE Ame FE3 9 Askr 7HE9
EASE 9% MER ATE, FFY AAE ARE ol &F xFF
Aed SPIgt FEd AEAHY AABES e EEASGTHAAT
(standardized groundwater level index, SGI)7} #|<+= 1 TH(Bloomfield and
Marchant, 2013).
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3.1.1 A9
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Q™ (piezometric surface) &2 T3] E A E TH(Todd, 1980).
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AZH2), AAQ3), ZE3), HAH(S), FH2), F3(3)
o T3k, HA A slele] Wkl JHEEAY Al7]|9be] gdEAA B4, A
Ast9 W3le] AF¢FS EUE v A E FAHENA 7 5 Al
3 ¥t 5, vl §FEA Y AY Fojdel e FF 5
S AAEH] A% A2 &85t Aok



9 32, FEASHY #5Y 24X ¥

(A2 A RS



A8y B350 201595 A5k MEs 4% 29 02 m
HE 2 1447] 22(68%), 2~4 m 5L 337/ 2(16%), 4 m ©]F HEFE2 33
MAi(16%)2 UeEbom, w728t #5%4Y 9 HEss vl&H v
witd gS3 2& A3yt el

- 02 m W% T2A3F(68%) > F7HAF(887N &, 30%)

- 2~4 m HE: BE2AFF16%) < F7HA (132704, 45%)

-4 m ol HE: FEATFF16%) < F7FATF(T3N 4, 25%)
FEA R #ASLE FUHASHE #HSHEGD 0~2 m HHY T4
HEZ vl go] =2 WA, 2~4 m 2 4 m o] HHNA v go]
Ao 2 YEyT. ol F7tAste #So] tEE stH 9|5k
St sl IS we WY, FEAGeREY ASLS UgEE
EAA FHo| fX st HUA R st FdFES d W] Hee=w
FAHT
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A

} 37

° ¥ A= HHAg B)<

el

A

g, &g ol

-
—

Bl

°o]-&

=
=

<9 3-3>3 & AHH E(scatter diagram)

25

20

15
(b)

10

L7] ooy mEA AAD AR

HA A7) g =l o

25

A =

20

1

| By

fl A
15

o

(@)

10

H3 e(b)E FE

o Y AAE A=t

25
20 4

AA A oA

o

i
KR
yA

W

o

ol g3te] meh

= AAE y, & oy, , ] k AlRK(time lag)

2 277433 (autocorrelation  function)

o]

AA

=

L
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= 53 o] dHATH(A 3.1) (4 3.2).

- lag £ oA A7 A
e = Covly,y, ] = Elly, — )y, 1, — )] (4 3.1
- lag £ olAe A7) dB3
Elly, — )y, 4, — )] By, =y =)l
P = T 7 (=1 3.2)
VEly, — nPEly, .. — n?) oy
o Tk AAIE TSFko] dojFor AT A5 T A3 A
Aol glou g 27)4dgrol A ARt mE Fo 3 ghol YERUA] &
o HbH #Sgko] @vtshAl Wste Fee AV|ABETIT A A6
#Hadte FHE WA "o
o WA AT TE F AAIE AR AolY FAAEE dolRT] % FrE
(A 3.3)4 2ol uAFEAETFE ok, olAE FAES TFEHAY
FEUIHOE YA F& 7 ATHA 3.4).
- lag £ oANAe AFFEAE
fy:ty(k): E[(xtfk_lu’x) Y — lu’u ]_ E[ lu’y (xf k /’LT)] = ’Y?}T(_k)
k=0,z1,£2, (4 3.3)
- lag koA nAPFHTH
Yy (R)
o ()= 2 h= 01,52, (A 34)
o A7 BEE AAGAETE AlAk(lag time)BE A&5H ISAF 4R
A B 5 Je 7o E, ASAET HEsFIIE 7R JEA
£ getst=d F835t
o WheF FZ2T U YolZ WESYZ AHE(random variable)©] 2FH, A] 2}l
e Aol HE gloermE A4 ETE 19D ARTE 0Y |WE AY
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shal, A71Gd=7 GEHA yERd
2B E S (cross-correlation  function)= -1.0 ~ +1.0 AFe]e] W&
Ao HBETl 242 A Ypeakdl A mAFBIol FA 1}
Ebdth, 2 ARG BETE Hae =Ed AXFS A DA (lag time)ol 2HaL
st ols AYARETH ol As dFe F= Aol ok
Aoz de /1Y Wel Ae ejulath Aadel Assele W
o ghubalA A F3 ATk AojHes AANTE FolA L A1
He GolAt EAE woln, B4l s wess A9E Aw
HAE =1 AQAEE FrolAA Au<d 3-4>
10
08
06
S 04 0
@ 02
5 o0 4 NVIANSEN N M
% 02 ] B - V VA VY
§ 04
06
08
A0 T T T T T \ \ \
200 450 -100 50 0 50 100 150 200
Time Lag (day)
(a)
10
08
06 |
S 04
< 024 A
5 00 . [
o ] N N
@ -0.2 ]
2 .04
S |
06
08
-1.0 T T AN T T
-300 -200 -100 0 100 200 300
Time Lag (day)
(b)
T 34, B A HBEIL B WARBE
(a) AAAIZEC] 0¥, (b) AAAIZE] 10
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Hojaz A4
FEAT  AHE)

~N B~ BN

W N =

—_

o o

o N N N ox.

o
N
N oo 1

o o

—_—

T~
—_

0 oM

2

of of My rx

N —

0.229 1
0.274 22
0.201 3
0.471 1
0.394 6
0.382 2
0.540 2
0.187 1
0.311 2
0.282 4
0.232 4
0.182 2
0.070 1
0.253 2
0.316 1
0.272 2
0.490 2
0.537 1
0.135 5
0.153 6
0.259 22
0.321 40
0.147 1




HaHel AAAL 1~3Y

L
| .

AT, A wAABAFIE et

2

il

S7} 0.4 ©]

s

= A4 vend

3}

o]

2

o]

A ZE

B!

AZAT7F 0.4 )%

7}
1571(28.3%)% YEFREOH, o]

H
4 2

3

e

= A

ol
A

HAo<ad 3-5>,

%

e

tel 2 A7}

)

S

Coefficient of determination

Direct

Inverse

@,

0.0
0.5

0.0
® 05

® 10

A

A

1.0
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, ARAASFE 0812 7P IA Yebdel we B4 7

o)
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m

s

EIEe)

bel wsol 713

3]

o Wg A
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Ho
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R? =0.810

91.5

I
—
(o))

(w) |19A9] Jo3em abesany

90.5

2200

1500

800

Annual precipitation (mm)

(a)

(ww) [lejuiey

o
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~
,

500

=

,
o
o)

—
(*)]

(W) |9A3] 133\

o
[e)]

1/1/13

1/1/10

1/1/07

(b)

1429 AR WE D)

5 A|E
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322 ¥5AE Z40 o3 Wefd &7

o AAIE E4(time-series analysis)2 A3} 2 =
Aste WMo E, WE SA oy Ak wel geFdt 7ol H 8=

T AT B AFAME F435 5(2007)0] AAT HHS o] &3, A

A A5 HEFIES A2 (constant process), 3

713 (cyclic variation), %52 (impulse), AlS 2 (step function), 7d Ak(ramp)

W3l 5 67HAE FESIATHE 3-7).

(a) (b) (c)

(d) (e) (®
a9 3-7. AAE A5 HE 78 EFEPE 5, 2007): (a) B34,
b) AFFA, (©F714, d) TF53, () AF4A, () BA ¥t

rE X

ol

AM|(linear trend),

i

Measuring data

Measuring data
Measuring data

Measuring data
Measuring data
Measuring data

W% f8 T AN WEe 5Ae Aztel wet WE Batel A3
A fARE AL BeFE WY, HAFAEEE Ao 27}
Ex Zasts FHE et 77149 wsks 705 Ued
Mas MEHE A ouEH, FEAA Waks 9nme agle
el AAG ARe] Wt A7) Rolth olso] AZH W= =
B AN BEZE] WAL ol FsGT} ol BE WSeIA ThA A
Moz WEE ARolr AANSE AP fAHG 54 AR
B A%4e Uehils 2o WE deolth

B AToME 24 #2408 AAG AR UF FBEN ARE ol &
shel, 67bA 9 WERF tstel 2 FPBE ARERE Ak B3
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ol A<l glo] 4A

HA3kA)e] 75 W3t

|
o

FA WskB)t BAFASHE)E,

[S]

A

d

o] wz} Bu, Bd, Fu, FAZ A

oI5

-

—_
o

oF

SATHE 3-5).

e 2 m2 AA

S|

.Zﬁo
= ny
o ~

; a
o
T
D -

' - A g
0 LU A |
° M R
N x5 ﬂ cH S | M
&) N el R ol

. NN A || —
o e R g N N B
T P 5 T AR FloH e

3 S| "
_z_l XO [aa) > Lmo S5 o ‘vAI
- n - O o e o Ot N EO

. Amﬂ],DmoﬂA_uﬁm,_mm.L

_O ° _ 7 “

o R Ao K of o

%o ,Ao P g0 I Ro X0 — —
[N O B T = 0= B

< | < MmO A K

0 WE

o mF Gl ﬂm e

%,_V i 1 w ™

B 3

E 3-6).

TS TR
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g
=)

kd

oj Sﬁ

3 A9l M 48 BF 2
TM33E s Wy WEZE
X v I15m) ¥ EF

—_ = e = e e

oo o> N N g

[\

(

T
—_— = W N =

—
[\S}

¢

o
—
w

C
—_ W N = = = = N

—_—

—_ W N =

do o of of of My X ox ox ox mx 4r R Ad 41 41 41 1% 2 oo oY oY oY oY ool ool B oof off K

—_—

o

(]
22 2 oo ox B e oM oo N N N ox rfu o E ©

= = =
W N =

o

201583.0800  391607.2800 17.72 Drp II
207786.4200  330081.5200 11.88 Dr II
222193.0100  433591.4900 46.70 Dr II
260977.0200  367448.4600  217.41 Drp I
243546.4600  292300.5400 152.65  Drp I
249524.2200  386072.2900 94.10 Dr I
178925.7200  454442.8500 8.74 Drp II
163937.6900  463931.5300 8.89 Drp II
374380.9500  207837.8600 9.05 Dr II
361291.1900  200074.9900 9.06 Dp I
364306.3600  190217.7500 28.60 Cy II
241197.1500  384230.3400 79.73 Dr I
302105.0600  380808.9100  242.87 Dr I
152023.2000  166494.5300 42.59 Drp II
136425.5900  181702.6000 0.88 Drp II
147963.0400  160084.7500 20.78 Drp II
268418.0400  419241.9900 52.55 Dr II
212285.2800  134090.5900 4.03 Drp II
266419.0500  414966.8800 49.67 Dr II
243373.6300  390297.2100 10334  Drp II

303105.7400  333742.7500 87.17 An I
302957.7400  333641.7500 84.14 Dr I
311364.9400  318012.9900 90.32 Dr II

187676.5200  365030.7600 7.17 Drp II
212698.4100  209955.6700 106.53  Drp II
197334.2500  378382.1200 9.19 Drp I
370162.5100  286603.2100 122.53  Drp II
376022.5200  264639.0000 130.64  Drp II
197541.9000  387199.9100 13.05 Dp I
207303.3800  377248.9000 25.92 Dp II
244403.6400  422765.8300 44.62 Dr II
245890.7700  400481.7200 74.90 Dr II
256134.3700  400368.6000 66.61 Dr II
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3.6 #E3H Al WE §3 BF A90%

= o= &3 3

‘—Jg:—T ;];j X MES Y ﬂi—‘%m) '?li-;f %5—%%% %(E)%
A1 1012 246621.5800  238955.4700 41581  Dr 11 2.02
A 0612 184105.2600  397111.6900  10.10  Drp I 1.12
A1 0912 185788.4400  232066.2400  25.00 Dr I 1.47
AHd1 0712 302974.0600  406554.7100 26221  Dr II 2.19
X1 0612  171413.4200  232032.5200 0.00 Drp II 4.69
%1 1012 252468.5800  365176.7200  67.92 Dr I 1.77
ZF1 0812 305092.7500 185318.8800  27.28  Drp 11 8.05
ZF2 0 0812 2852953000  188826.0500  56.06 Dr II 26.82
ZIS3 0812 300188.0500  185992.1900  37.44 Dr II 23.76
Z1Z1 0912 239029.4800 3845354700  83.43  Drp II 251
=21 0812  264735.0600  490908.4900  85.45 Dr 11 5.96
=22 0812  260971.6900  490709.1400  76.81 Dr I 1.98
B 1012 313412.8900  440359.1800  553.80  Dr II 2.07
B2 1012 329125.6000  450837.3700  519.67  Dr I 1.36
383 1012 269776.4300  174058.2000 5.71 Dr 11 8.28
Shs4 1012 272040.4600  171103.2500 231 Dr 11 3.87
d91 0712 191728.0100 3837252000  17.35 Dr Il 3.57
41 1012 282902.7600  461907.5000  202.15  Dr II 2.97
E2 1012 274266.9600  453773.4100  240.14  Dr I 1.64
341 0912 288082.9900  443499.8600  123.77  Dr I 1.53
Azt E Astey Azl MBS AAEY] BB, gFFe] 4L
oldiats 12ARE o $HT getd Asss WE §8L ERehe
A% A, FF 2AAs 5o R AAse] st oF g 3
& EReE Zlo] Basith oW fPEE skl WEFe B4
31, 4% wE 7% 5o A¥4L AReE Aol Wasin.

(F 37)& 7 B34 Ae5e) AEFR0) e £F 238 e
Folth. A3t AT 962%7F FEILE YRR S5 e Aol
oske] Qg wol WEsL Yor), REH JFS v B2
A EgeE v &S o ol 53 o] ¥ v BS3L
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file)
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il

0
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—
file)
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)
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+
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Al
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i

Hr

)
Ho
N
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Il

H|&(%)

M

A
Ho

H| (%)

H&(%) &)

1

T
Ho

o nE

T

Bo B0 1
B oF 1R

1.9
1.9
5.7

54.7

1.9
0.0
0.0

1.9
5.7
35.8

Cy

Dp

29
19
51

19
16
38
39

10 18.9
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35.8

30.2

5.7

24.5

Drp
27

96.2
100.0
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2 20149 1€5H

71 %

o
=

T %(1981-2010)

}

20163 12€¥€71A] €9 H

71ZF 3@ Z<Ql 2011 d kA #A=AE7)

1(13)

[e]
5
fug

il

)
o

(10), Z(7), AE(5), A7), BE©9), A0l

=]

, B9

71(13), 7

kAT

i=]
CRE

T A A
o
FA <19 3-8>.

S

4784 &

=z
T=

= 957 #S4A T A

7 9 309 HF7H1981~20103)S WA Z B4

)l

o T A

BERY

s

A £]
mm(E T 1,327.1 mm) B Z, o] T AEo] 7FF & 1,148.2 mm(E

%9}l =}o] 178.9 mm

=
=

ZAdo] 1,502.7 mm(3F°] 345.5 mm

Ao VERRTHE 3-8).

jlje

(1,390.0 mm), Z(1,364.7 mm)

2]

2 AH(1,502.7 mm)°olH, ¥ == 77](1,310.2 mm), 55(1,264.8 mm),
%9(1,310.2 mm), AE(1,325.6 mm) 2 ZAE(1,1482 mm)O.2 B H AT

o T =
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¥ 3-8 B H Ao B4 2A3(1981~2010)

4 A7 #Y 3% 3¢ A% d¢ A% A9 WE

14 19.3 334 24.6 27.9 34.6 30.2 335 31.2 29.3
24 22.0 33.7 29.8 313 40.6 44.7 35.0 44.8 35.2
3¢ 40.8 534 49.6 50.5 52.8 70.9 52.2 74.6 55.6
44 65.0 68.3 69.7 72.3 77.3 97.3 69.6 1157 794
5¢ 91.7 96.3 91.7 95.4 95.0 117.6 893 140.1  102.9
6 125.6 1358 147.7 159.1 1663 202.6 137.1 208.0 160.3
74 3522 3165 3095 2948 2921 269.2 2350 3114 297.6
8 319.7 3073 2764 2951 2935 2522 2288 288.1 282.6
94 1584 199.8 1479 1535 1404 160.7 151.8 173.7 160.8
10€ 47.1 66.2 49.6 513 49.4 47.0 44.6 50.8 50.8
11¥ 43.2 54.0 443 50.8 50.5 46.5 433 43.4 47.0
12€ 19.1 253 24.0 28.4 33.1 25.8 28.0 21.0 25.6
Al 1,310.2 1,390.0 1,264.8 1,310.2 1,325.6 1,364.7 1,148.2 1,502.7 1,327.1

7} 20143 e WE £4

Sl EEE 732.1~1,571.2 mm(B - 1,161.1 mm) HLZ, 30
HAzkel 1,327.1 mm$} B3 87.5% FEOLE U EEEE
A717F 7F8 ¥ 7320 mm?l ¥HAE, Aol 1,5712 mmE UMY B2
Aoz JEPYTHE 3.9).
d= ﬁé& FFd vnsty =2 == AE(1,281.7 mm), ZEH(1,381.7
mm), ¥ 41,5712 mm)°lH, ¥ == 74 71(732.1 mm), 3HL(1,007.7
mm), 55(990.3 mm), F9(1,068.0 mm) L FE(1,148.6 mm)O.E 2
H}}\q.
2014 A 30d Hdgke] Aol B4 A3 A
mmE, °] F HAFS A719 -578.1 mmoli, FHil
mmEz YEFZTHIE 3-10).

e
o
ot
rlo
R
2
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3 3.9 B8 @9 Ao £4 A3H20149)

0149 A7) AY R ¢ AR dd AR Ad  #7
1¥ 10.6 23.2 9.1 4.7 8.9 13.9 16.5 79 11.9
24 19.3 75.1 13.7 13.2 4.5 22.1 33.8 28.4 26.3
34 8.8 32.1 59.9 60.5 95.5 105.9 86.1 130.2 72.4
44 35.5 90.5 56.0 76.7 79.4 86.8 98.4 111.6 79.4
5¢ 68.0 35.8 35.3 453 473 112.1 32.1 89.9 58.2
6 63.7 66.0 84.9 89.4 74.3 95.7 76.2 68.3 77.3
74 180.0 127.5 113.7 1587 2243 210.6 82.6 177.5 1594
8 148.6 260.1 283.8 2537 400.0 481.6 3939 628.5 356.3
9¢¥ 80.6 138.3 1193 1282 1042 129.6 123.0 121.7 118.1
104 594 106.2 149.6 145.6 106.6 1029 1346 130.1 116.9
114 393 438 38.8 433 80.1 86.3 54.2 63.5 56.2
12€ 18.4 9.0 26.2 48.8 56.7 41.6 17.2 13.8 29.0
Al 732.1 1,007.7 990.3 1,068.0 1,281.7 1,489.1 1,148.6 1,571.2 1,161.1

3 3-10. =¥ €9y A dinl 20149 A= AT 24 A%

ey A7 A9 &% 39 A% Ad 4% Ad 4w
19 87 -102 -156 232 257 -163 -17.0 -233 -17.5
29 27 414 -161 -181 -360 226 -1.1 -164 -9.0
39 320 214 103 100 426 350 339 556 168
49 295 223 -137 43 21 -106 287 40 0.0
59 297 -60.5 -564 -50.1 -47.7 55 -572 -502 -44.7
62 619 -69.8 -629 -69.7 -92.0 -1069 -60.9 -139.7 -83.0
79 -1723 -189.0 -195.7 -136.1 -67.8 -58.6 -152.5 -133.9 -138.2
89 -171.1 -472 74 415 1065 2294 165.1 3404 73.6
94 -77.8 -614 -285 -253 -363 -31.2 -28.7 -52.1 -42.7

109 12.3 399 1000 944 57.1 55.9 89.9 79.3 66.1
114 -39  -102 -55 -7.5 29.6 39.8 11.0 20.1 9.2
12¢ -0.8 -16.3 2.2 204 23.7 15.8 -109 -73 34
Al -578.1 -382.4 -2744 -2423 -439 1244 04 68.5 -166.0
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THoZE BZo| X3 57 Z[A7](-578.1 mm). ZFY(-382.4 mm),
5(-274.4 mm), T'9(-242.3 mm) ¥ HAE(-43.9 mm)]NA HdgET
& A fol yEhston, @& A3 37 2[4 F(124.4 mm), 7
©
o}

m
CEd 9 A HAAGe] 623N 12N E)E YERE
g} F47)o HAz st 7M1 He 9 BSgeFo] vrebytTh

g

0 20153 ArHFe =HZ 7533~1,233.3 mm(F T 931.8 mm) BHZE, 30

9l 1,327.1 mme} B3t 702% FEOZ UETH THE
201433 vRZRAR A7)17F 7HE w2 7535 mmel WHE, Aol
1,2333 mmE 7bE & Ao R UETHE 3-11),

o

#® 3-11. 248 997 ZadF 24 2301549)

20150 A7l Ad 5 S AE Ad AE Ad B

1€ 168 163 213 277 427 361 275 318 275
2¥ 216 177 287 257 170 360 228 31.1 251
< 102 173 40.0 348 367 520 418 709 380
4 713 79.6 947 103.7 1179 212.8 823 2045 1209
4 317 205 269 365 415 1183 298 1185 53.0
6 68.9 107.0 782 984 1123 1246 960 80.8 958
4 2249 181.0 170.5 1363 153.1 1951 130.5 227.0 177.3
< 68.7 149.0 729 583 775 1415 1262 144.7 1049
< 272 428 307 194 425 849 573 1148 525
109 694 438 765 875 109.8 73.7 432 578 702
1€ 111.2 184.1 1089 1332 113.5 102.1 1355 1049 1242
12¢9 313 17.7 373 504 67.1 56.1 343 465 42.6
Al 753.3 876.8 786.7 811.7 931.6 1,233.2 8274 1,233.3 931.8

e W A vluste] 52 =5 (11,2332 mm), 2 A
1(753.3 mm), 74 (876.8 mm), 3
(931.6 mm) % 7dE(827.4 mm)S.=

Mr 4o of



A= At

2015 AR 30d Hdgke] zbe] 4 A A= P 3953
mm=Z, °] F HA}E 4719 -556.9 mmolal, Hi= Ao -131.6
mm=z YEFSGHTHEE 3-12).

A2 ogE 87 E[H71(-556.9 mm). ZFHY(-513.3 mm), =E(-478.1
mm), &9(-498.5 mm), AE(-394.1 mm), FA(-131.6 mm), 74 E(-320.8
mm), 73'e(-269.4 mm)] EFA HEZET 22 FFF ghol YEy
o, 98 AFFe HAAZo 7T9NE)H SETMNE)E e o}
g F7ld g tinliste 7 de 9 o] UEETH

E 3-12. =9 €997 A5F oiv 20159 A= A 24 A
20154 - 1o = H =1} =] u =] L R
ig]/:]7]_ 737] 7O'd Kl S T ﬁ:T ;\ﬂl:l 75]:"_!_ 7(':)]1:! “loﬂ_
1 BA
1€ 25 -172 33 -0.2 8.1 59 -6.0 0.7 -1.8

24 -04 -159 -10 -56 -235 87 -12.1 -13.7 -10.1
3¢ 306 -361 95 -157 -16.1 -189 -103 -3.7 -17.6
49 6.3 114 250 314 406 1155 126 889 415
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30~ DAY MOMING AVERAGE DEFTH TO WATER, IN FEET BELOW LAND SURFACE
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99 11439 11441 11445 14490 14492 14495 4.08 4.20 437
102 113.98 114.00 114.04 144.69 14471 144.73 4.00 4.04 4.11
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94 33.03 33.05 33.07 35.72 35.74 35.78 37.75 37.77 37.81
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108 411 4.13 4.15 -3.00 -2.76 241 5.83 5.91 6.04
11¥  4.03 4.06 4.10 330 -2.88 225 5.78 5.82 5.99
129 401 4.03 4.08 204 -1.92 -1.74 5.80 5.84 6.10
¥ 55 AU BEFe) wE 9 €99 E Aee As @A

o aLA ] FT1 L2
= 54%  12.95% 242%  54%  12.95% 242%  54% 12.95% 242%
19 3637 3640 3645 302.63 302.66 302.71 43.84  43.93 44.04
29 3634 3637 3640 30275 302.80 302.87 43.83  43.99  44.04
39 3634 3639 3647 30296 30298 303.00 43.80 4398  44.02
49 3659  36.63 36.70  303.05 303.05 303.06 43.98 4430  44.37
59 3692 3693 36.96  303.13 303.14 303.15 4436 44.68  44.83
69 3670  36.71 36.73  303.08 303.08 303.09 44.69  44.88  44.96
79 3680 3682 3685 303.06 303.06 303.08 44.83 4504 4525
8¢ 3698 37.00 37.03 303.01 303.02 303.03 4512 4535 4545
99 3670 36.74  36.80 302.81 302.83 302.87 45.08 4519 4526
10¢ 3668  36.71 36.76 30271 30273 30275 4446 4452  44.62
119 3662 3666 3672 302.79 302.80 302.81 44.04 44.09 4429
129 3658  36.61 36.64 30277 30278 302.79 43.98  44.05 4422

2 QA1 FH1 371
54% 12.95% 242% @ 5.4% 12.95% 242% @ 54% 12.95% 24.2%
19 20561 20562 20563 7793 7797  78.03 550.80 550.86 550.95
29 205.65 20566 20567 7754 7759  77.67 550.82 550.88  550.95
39 20563 20564 20565 7738  77.47 7759 55096 551.02 551.11
49 205.69 205.69 20571 7832 7840 7852 551.04 551.09 551.16
59 20575 20576 20577 80.28 8030  80.34 550.86 550.88  550.92
69 20576 205.76 205.77 80.65  80.68 80.72  550.69 550.72  550.78
79 20574 20575 205.76 80.83  80.87 80.93  550.88 550.92  551.00
8Y 20576 20576 20577 80.69  80.75 80.84  550.67 550.70  550.75
9¢ 20576 205.76 205.76 80.71  80.73 80.76  550.72 550.76  550.80
108 205.72 20572 20573 80.19  80.23 80.29  550.74 550.77  550.82
11¥ 20569 20570 205.72 7941  79.46  79.54 550.71 550.79  550.90
129 20570 205.71 20572 7848 7857 7870 550.73 550.78  550.86

- 180 -



® 5-5. (A%)
N FH1 BRI A1
= 5.4% 12.95% 24.2% 5.4% 12.95% 24.2% 5.4% 12.95% 24.2%
14 194.74  194.76 194.78 227.61 227.62 227.64 12148 121.49 121.50
24 19436 194.41 19447 227.58 22759 227.60 12140 121.42 121.43
3¢ 194.18 194.23 194.30 227.69 227.71 227.74 12145 121.50 121.57
44 194.38 194.44 194.52  227.74 227.76  227.79 121.56 121.57 121.58
5¢ 194.89 194.97 195.09 227.55 227.61 22771  121.70 121.71 121.73
6¥ 19536 195.45 195.54 227.30 22739 227.53 121.65 121.66 121.68
74 195.57 195.62 195.68 227.69 227.77 227.89 121.75 121.79 121.85
8 195.77 195.82 195.88 22741 227.54 227.73 121.84 121.90 121.97
9¢ 195.56 195.62 195.73 227.23 22730 22741 121.70 121.79 121.93
10€ 195.15 195.24 195.37 227.41 22745 22751 12148 121.59 121.76
11€ 19489 194.92 194.97 227.79 227.81 227.85 121.58 121.63 121.71
12€ 19519 195.19 195.20 227.82 227.83 22784 121.64 121.65 121.68
E 56 FAHAEE BT wA7ME SAE EHF At A AR
N ERa EICH] =1
= 5.4% 12.95% 24.2% 5.4% 12.95%  24.2% 5.4% 12.95% 24.2%
19 21445 21449 21455 160.32 160.32 160.33  207.52 207.63  207.80
29 21450 21454 21459 160.31 160.32 160.33 207.47 207.60 207.79
39 21452 21457 21464 160.34 160.35 160.35 207.58 207.66 207.78
49 21451 21455 21460 160.11 160.14 160.17 207.84 207.88 207.95
59 21460 214.61 214.63 159.03 159.09 159.19 207.94 207.96 207.99
69 21453 21456 21459 158.67 158.82 159.04 207.97 208.00 208.04
79 21462 214.64 21467 15948 159.57 159.71 208.13 208.15 208.19
8Y 21467 21470 21475 158.84 158.96 159.12 207.98 208.01 208.05
99 21459 214.61 214.63 159.76  159.80 159.85 207.94 207.98 208.04
109 21452 21454 21458 16022 160.25 160.28 207.76  207.83  207.94
1€ 21459 21460 21461 160.00 160.05 160.13  207.74 207.81 207.92
12¢€ 21456 21457 21460 16031 160.32 160.34  207.70 207.78  207.90
o S 41 AR
= 5.4% 12.95% 24.2% 5.4% 12.95% 24.2% 5.4% 12.95% 24.2%
14 105.35 105.51 105.76 76.39 76.44 76.52 258.24 258.26  258.30
24 105.13  105.29 105.52 76.42 76.45 76.49 25825 258.29 258.34
34 105.03 105.16 105.35 76.48 76.52 76.56 258.35 25837 25842
44 105.05 105.16 105.31 76.29 76.36 76.45 258.38 258.41 258.52
5¢ 105.28 105.33 105.39 76.60 76.69 76.83 258.36  258.51 258.67
6¥ 105.38 105.45 105.54 76.84 76.88 76.94 258.60 258.77 258.86
74 105.55 105.58 105.62 76.91 76.95 77.00  258.78 25895 259.02
8 105.62 105.66 105.72 76.96 77.02 77.11 258.61 259.08 259.13
9¢ 105.53  105.61 105.75 76.92 76.97 77.04 258.84 259.04 259.10
10€ 10545 105.49 105.55 76.68 76.71 76.76 258.58 258.70  258.83
119 10543 105.51 105.64 76.66 76.68 76.72 258.44 25853  258.61
12€  105.66 105.74 105.85 76.50 76.54 76.61 258.35 25842 25848
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® 5-6. (A%)

=31 A1

)
= 54% 12.95% 24.2% 54% 12.95% 24.2%

14 56.95 56.98 57.01 79.47 79.49 79.55
24 56.66 56.68 56.72 79.52 79.55 79.60
34 56.64 56.65 56.67 79.55 79.58 79.64
49 56.68 56.69 56.70 79.24 79.33 79.48
54 56.38 56.48 56.63 78.56 78.62 78.67
6 56.11 56.26 56.50 78.49 78.64 78.75
74 56.32 56.41 56.55 78.93 79.08 79.37
8 56.32 56.45 56.64 78.85 78.96 79.25
94 56.07 56.29 56.61 79.52 79.66 79.81
102 56.26 56.43 56.68 79.70 79.75 79.79
1€ 5648 56.62 56.83 79.61 79.63 79.68
129 56.54 56.68 56.89 79.58 79.60 79.65

£ 57 FAEE B5F] sV 9AE ER8 T Ak At AA
ol A =

2]
= 54% 1295% 242%  54% 1295% 242% 54% 12.95% 24.2%

14 593 5.96 6.01 149.06 149.10 149.16 1.37 1.39 1.42
24 5.96 5.98 6.02 149.05 149.09 149.14 1.11 1.12 1.13
3¢ 5.98 5.99 6.01 149.04 149.08 149.14 1.11 1.11 1.13
44 6.08 6.10 6.14 149.15 149.18 149.21 1.26 1.30 1.36
54 5.90 593 5.97 149.12  149.14  149.16 1.37 1.40 1.43
64 5.88 5.92 5.99 149.14 149.15 149.18 1.41 1.46 1.53
74 6.13 6.16 6.20 149.19 149.21 149.24 1.82 1.88 1.95
8 6.11 6.13 6.15 149.17 14920 149.25 1.92 1.99 2.08
94 6.04 6.07 6.10 149.14 149.16  149.20 2.40 247 2.56
102 6.09 6.10 6.13 14898 149.04 149.13 3.30 333 3.38
11¢ 6.08 6.11 6.16 148.79  148.88  149.00 3.56 3.64 3.77
12¢ 6.07 6.10 6.13 148.75 148.84  148.96 2.17 2.18 2.21

o BT Hof| RET

54%  1295% 242% @ 54% 1295% 242%  54% 12.95% 24.2%

14 1.16 1.21 1.29 8.42 8.43 8.46 3.52 3.61 3.74
24 1.23 1.29 1.39 8.38 8.42 8.49 3.58 3.62 3.68
34 1.16 1.25 1.39 8.54 8.59 8.67 3.60 3.64 3.72
49 1.08 1.17 1.32 9.23 9.26 9.32 3.81 3.85 3.91
59 1.00 1.03 1.08 9.47 9.51 9.56 4.08 4.10 4.13
6 0.88 0.89 0.92 9.45 9.49 9.56 4.07 4.09 4.12
74 0.89 0.92 0.96 9.32 9.37 9.44 4.01 4.03 4.06
8 0.92 0.93 0.96 9.41 9.47 9.56 3.99 4.01 4.04
94 0.83 0.85 0.88 9.24 9.27 9.32 3.75 3.79 3.86
10¢ 0.86 0.89 0.94 8.91 8.95 8.99 2.71 3.01 3.46
11< 0.91 0.94 0.97 8.94 8.99 9.06 2.81 3.08 3.48
129 0.93 1.00 1.10 8.65 8.69 8.74 3.71 3.75 3.81
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% 57. (A%)

) =] ookl 38‘—*31
= 54% 12.95% 242%  54% 12.95% 24.2%
19 4498 4501 4506  10.06  10.07 10.09
29 4494 4497 4502  10.00  10.01 10.03
39 4488 4492 4499 9.98 9.99 10.00
49 4500 4503 4507 10.00  10.02 10.05
59 4541 4542 4545 1024 1025 10.27
69 4540 4543 4548  10.16  10.18 10.21
79 4539 4543 4548 1024 1025 10.27
8¥ 4536 4539 4545 1022  10.23 10.26
99 4536 4538 4541  10.14  10.15 10.17
109 4507 4509 4512  10.03  10.05 10.07
11¥ 4504 4505 4508 10.06  10.08 10.11
129 4513 4514 4516 1010  10.11 10.14
¥ 58 AHEE #ZFY AR GAE B A9 A3t AA
2 3% w1 1
54% 12.95% 242%  54% 12.95% 242% @ 54% 12.95% 24.2%
14 5.37 5.41 545 45691 45694 45698 39929 399.33  399.38
24 5.39 5.41 543 45695 457.02 457.12 39939 399.40  399.42
34 5.43 5.46 548  457.06 457.09 457.14 39941 399.42  399.44
44 5.45 5.46 548  457.09 457.11 457.14 39939 39941  399.43
5¢ 5.60 5.63 567  457.12 45714  457.16 399.39 399.40  399.43
6¥ 5.73 5.75 578  457.13  457.16 45721 399.40 399.41  399.43
7€ 5.81 5.83 5.86 45732 45740 45750  399.50 399.52  399.55
8 5.90 5.93 598 45751 45756  457.63 399.46 399.48  399.50
9¢¥ 5.84 5.91 599 45731 45733 45737 399.46 39948  399.49
102 564 5.67 571 457.16 457.18 45722 399.44 399.46  399.50
11¥9 554 5.55 5.57 45694 45696 456.99 399.46 399.48  399.50
12¢ 550 5.51 553 456.94 45697 457.02 399.52 399.53  399.55
o iy =41 el
= 54% 12.95% 242%  54% 12.95% 242%  54% 12.95% 24.2%
14 1.98 2.11 2.20 83.47 83.86 8434 41157 41161 411.66
24 1.96 2.02 2.07 83.66  84.14  84.61 41173 411.75 411.79
3¢ 1.56 1.69 1.79 83.57  84.23 84.67 411.85 411.87 41191
44 1.09 1.31 1.49 83.62 8440  84.68 411.94 41196 412.00
54 0.51 0.75 1.03 83.44 8425 84.52  412.17 41219 41222
6 0.52 0.73 1.02 83.14  83.66  83.95 412.01 412.03 412.07
74 0.83 1.20 1.57 83.83  84.25 8435 41220 41223 41228
8 0.20 0.65 1.09 84.46 8472  84.86 41212 412,18 41226
94 0.96 1.23 1.48 84.49 8479  85.14 412.08 412.11 412.16
10€  1.09 1.24 1.38 84.56  84.78  85.13 411.94 41195 411.98
11g 139 1.65 1.80 84.60  84.86  85.12 41171 41173 411.76
129 186 2.01 2.10 8454 84.86  85.07 411.64 41166 411.69
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® 5-8. (A%)

Ch! A<k

)
= 54% 12.95% 24.2% 54% 12.95% 24.2%

14 22.13 2221 22.26
24 21.99 22.06 22.18
34 21.88 21.94 22.05
49 21.66 21.74 21.88
54 22.05 22.15 22.28
6 22.10 22.21 22.33
74 22.32 22.38 22.45
8 22.30 22.36 22.43
94 22.12 22.23 22.30
10€8  21.87 21.97 22.06
1€ 2191 21.94 22.01
129 22.08 22.13 22.19

359 depgs #5E0 sk GAE dRE At Ast EAA

i) BA1 A1

2]
= 54% 1295% 242%  54% 1295% 242% 54% 12.95% 24.2%

14 37.56 37.68 37.94 1.54 1.56 1.60 1.66 1.67 1.70
24 37.60 37.74 38.11 1.60 1.62 1.65 1.61 1.63 1.67
3¢ 37.83 38.04 38.28 1.63 1.68 1.74 1.65 1.67 1.70
44 37.91 38.10 38.29 1.29 1.45 1.61 1.79 1.82 1.85
54 38.02 38.23 38.47 1.40 1.53 1.66 1.86 1.89 1.93
64 37.93 38.06 38.30 0.94 1.18 1.36 1.86 1.87 1.89
74 38.76 38.85 38.96 1.35 1.52 1.64 1.92 1.93 1.95
8 38.51 38.61 38.81 0.56 0.84 1.27 1.87 1.88 1.90
94 38.10 38.23 38.46 0.97 1.25 1.44 1.89 1.90 1.91
108  37.89 38.04 38.38 0.86 1.02 1.24 1.79 1.81 1.84
114 37.82 38.10 38.32 1.33 1.43 1.53 1.81 1.83 1.84
129 37.60 37.75 38.08 1.58 1.60 1.63 1.80 1.81 1.82

o Al]t g1 Cath!

54%  1295% 242%  54% 1295% 242%  54% 12.95% 24.2%

14 1.54 1.57 1.61 1.75 1.80 1.88 30.38 30.95 31.56
24 1.55 1.57 1.62 1.73 1.78 1.86 30.28 30.70 31.31
34 1.53 1.54 1.56 1.82 1.85 1.89 29.63 30.11 30.77
44 1.53 1.55 1.58 1.92 1.95 1.98 28.93 29.36 30.05
54 1.70 1.73 1.77 1.94 1.97 2.01 29.27 29.56 30.12
6 1.82 1.83 1.86 1.85 1.87 1.90 29.55 30.14 30.98
74 1.77 1.81 1.87 1.79 1.82 1.88 29.53 30.18 31.08
8 1.73 1.80 1.89 1.70 1.75 1.81 29.79 30.52 31.42
94 1.74 1.80 1.90 1.71 1.74 1.78 30.09 30.71 31.49
10¢ 1.52 1.60 1.73 1.62 1.64 1.68 30.12 30.62 31.38
11< 1.69 1.79 1.94 1.62 1.66 1.72 30.21 30.76 31.52
129 1.72 1.82 1.96 1.59 1.64 1.72 30.24 30.72 31.43
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% 59. (A%)

o 31 A= 41
= 54%  12.95% 242%  54% 12.95% 242%  54% 12.95% 242%
1€ 0.96 1.05 1.17 0.87 0.95 1.07 4122 41.99 43.14
24 1.07 1.15 1.27 0.97 1.03 1.13 41.15 4197 43.18
3¢ 1.14 1.21 1.33 1.16 1.17 1.18 4124  42.00 43.13
49 1.05 1.19 1.41 1.04 1.08 1.15 4146  42.06 42.96
59 1.17 1.23 1.33 0.81 0.85 0.92 4170 4222 43.00
62 0.64 0.69 0.75 0.50 0.55 0.63 4195 4250 4333
79 0.81 0.85 0.91 0.94 0.97 1.02 4230  42.89 43.77
8 0.45 0.49 0.55 0.32 0.38 0.45 4276  43.30 44.10
94 0.47 0.50 0.56 0.29 0.39 0.54 43.00  43.46 44.13
108  0.59 0.63 0.68 0.39 0.49 0.63 4223 4273 43.46
11¥9 066 0.69 0.75 0.52 0.65 0.85 4175 4227 43.06
12¢9 081 0.82 0.85 0.89 0.96 1.07 4175  42.36 4327
2 31
54%  12.95% 24.2%
1€ 3336  33.46 33.57
2¢¥ 3336 3342 33.49
39 3356 33.60 33.65
49 3366  33.79 33.94
59 3430 3441 34.52
69 3484 3487 34.92
74 3473 34.75 34.78
8Y 3480 3481 34.85
99 3471 3475 34.80
109 3397  34.02 34.08
119 3369  33.70 33.73
129 3364  33.66 33.69
® 5-10. AAEE #=F ANE GAE P Ak AsE A A
2 71 B3H A3
54%  12.95% 242%  54% 12.95% 242%  54% 12.95% 242%
19 7453 7495 75.56  348.90 34898 349.11 89.17  89.18 89.18
29 7428  74.76 7547  349.01 349.08 349.18 89.20  89.22 89.24
39 7411 74.65 75.46  349.08 349.17 34931 89.20  89.25 89.31
49 7445 7496 7571  349.09 34920 349.36 88.85  89.05 89.22
59 7507 7555 7626 34922 34930 34941 89.09  89.16 89.22
69 7606 7630 76.64 34926 34929 34933 8924  89.26 89.29
79 7694 7695 76.97 34928 349.33 34942 89.32  89.33 89.36
g€ 7695  76.96 76.98 34934 34939 34946 89.39  89.41 89.45
99 7690  76.93 76.98 34933 34937 34943 8944  89.45 89.48
109 7651 7652 76.53 34936 349.40 34944 89.40  89.44 89.48
119 7624 7626 7630 34928 349.33 34940 8891  89.23 89.42
129 7615  76.17 7620 34922 34923 34925 89.05  89.11 89.24
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¥ 5-10. (A%)

52 FH1 451

)
= 54% 12.95% 24.2% 54% 12.95% 24.2% 54%  12.95% 24.2%

14 71.00 71.22 7145 11024 111.08 11195 176.25 17639 176.59
24 70.74 71.04 71.35  110.74 11143 112.16 176.01 176.17 176.41
34 70.68 70.92 7124 112.03 11247 11296 17585 17598 176.17
44 70.84 71.08 7138  112.83 11299 11332 175.06 17523 17547
54 71.41 71.67 71.92  113.19 11338 113.69 173.69 174.01 174.50
6 71.71 71.94 72.18  113.04 113.19 11341 172.87 173.00 173.21
74 71.81 71.99 7223 11359 113.78 114.03 172.63 17328 174.25
8 71.83 72.05 7236 113.11 113.52 11415 17298 17332  173.82
94 71.78 72.01 7235 11340 113.85 11438 17442 17451 174.65
102 7091 71.41 72.15  113.06 11324 11350 17539 17555 175.79
114 70.14 70.81 71.82 11274 11299 11333 17628 17638  176.53
129 70.02 70.56 71.37 11258 112.73 11293 176.55 176.62  176.73

3 5-11 BEE B530 sdvbE 9AE E9 Ak Ast dAA

AA ZES! s

2]
= 54% 1295% 242%  54% 1295% 242% 54% 12.95% 24.2%

14 19.70 19.82 20.01 23691 236.94 236.99 5.38 5.58 591
24 19.43 19.54 19.72  236.69 236.80 236.97 5.28 5.58 5.86
3¢ 19.63 19.74 19.89  236.78 236.84 236.92 5.63 5.84 6.16
44 19.88 19.96 20.08  236.93 236.96 237.00 5.94 6.07 6.19
54 20.16 20.21 20.28  237.03 237.06 237.12 6.00 6.09 6.26
64 20.42 20.47 20.54 23690 23698  237.09 5.97 6.08 6.32
74 20.53 20.56 20.61  237.03 237.08 237.17 6.17 6.38 6.64
8 20.57 20.61 20.67  237.15 237.18 237.23 6.35 6.48 6.59
94 20.42 20.45 20.51  237.31 23733 23735 6.46 6.56 6.62
108 20.16 20.19 20.24  237.18 237.28 23743 6.21 6.31 6.43
112 20.09 20.14 20.21  237.22  237.25 23731 5.97 6.05 6.25
12€  20.15 20.19 20.26  237.21 237.22 237.23 5.64 5.82 6.13

o 2 A A1

54%  1295% 242%  54% 1295% 242%  54% 12.95% 24.2%

14 62.71 62.72 62.74 -8.06 -7.12 -5.71 197.08 197.08 197.09
24 62.61 62.62 62.64 -7.82 -6.83 -5.37  197.08 197.08 197.10
34 62.70 62.74 62.79 -8.05 -7.09 -5.66  197.09 197.11 197.13
49 62.94 63.01 63.12 -8.34 -1.72 -6.80  197.02 197.06 197.12
54 62.99 63.03 63.09 -9.59 -9.01 -8.15 197.03 197.06 197.11
6 63.15 63.18 6322  -1297 -12.63  -12.11 197.01 197.06 197.13
74 63.23 63.26 6331  -11.50 -10.32 -8.51 197.17 197.21 197.26
8 63.19 63.21 6323  -15.67 -1435 -1239 19732 19735 19738
94 63.15 63.19 63.24 -8.28 -7.54 -6.43 19727 19729 197.32
1028  62.88 62.91 62.95 -7.91 -6.92 -542  197.18 197.20 197.22
1€ 6295 62.96 62.99 -8.66 -8.55 -7.24  197.14  197.15 197.15
129 62.89 62.90 62.91 -8.74 -8.74 -8.24  197.02 197.04 197.07
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® 5-11. (A%)

o] F1 32 3}-54
= 54%  12.95% 242%  54% 12.95% 242%  54% 12.95% 242%
19 1958  19.82 19.95 3.99 4.03 4.09 -037  -0.32 -0.24
29 1924 1949 19.69 3.77 3.81 3.87 -0.15 -0.11 -0.04
39 1994 2006  20.23 3.47 3.54 3.65 0.72 0.82 0.96
49 21.09 2131 21.54 3.39 3.45 3.53 1.49 1.56 1.65
59 2001 2042  21.08 3.47 3.52 3.61 1.23 1.33 1.48
69 1936 1974  20.32 3.61 3.71 3.85 1.31 1.40 1.54
7€ 2061 2145 2182 0.22 0.84 1.76 1.77 1.82 1.89
8¥ 1858  19.71 20.59 3.88 4.04 428 1.74 1.80 1.89
9¢ 2051 21.16  22.14 425 429 435 1.76 1.81 1.89
102 2189 2207 2223 4.03 4.12 425 2.08 2.10 2.14
11¥€ 2190 2203 2218 422 426 432 2.09 2.11 2.12
12¢ 2087 2128 2143 432 435 439 1.18 1.22 1.28
o F31
=
54%  12.95% 24.2%

19 7962  79.66  79.71
29 7945 7952 79.63
39 7888  79.12  79.48
49 7913 7932  79.60
59 7987 7989 7991
69 7956 7972 79.96
74 7995 7997 80.00
8¢ 7993 7996  80.00
99 7981  79.87  79.95
109 7943 7955  79.73
1€ 7897 7921 79.56
12¢ 7890  79.16 79.55

523 AaE9 At @AA 7EL ]8T 20179 BUTHE FF B

° 20179 AFAH O JHgol BAGOH. 53] B B A$ A7
GR g Sy AHT A A2 M Fxrt W Aden
<O9 542> 6¥€ 20¥9 7€ 17¢€9] SPIRE 4" A=FHA 7=
HAgo OE“"Xl‘”ﬂJJr 28 9 79 dRAGL Ay A=A 7}

2w d3S Jehd 71434 AFgelth
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Chapter 0 6

AN N et Sie] Atz

6.1 | O= Z2|EL|of F Ak
6.2 | O= HALA F AL







6. AT/NEARAANA ST 3] A

TAE HAY AT
= AR o] giEl A7 B 0 A x Yol F(oF 319
T, AFSIHE 11.9%)F "HAbx FF 2d79nkg, AFSUME
24.4%)= Hl=r AA F 7rd A9 1, 299240143 EA), =&
Aol vHlgste] B8] =0 20108S 7[Fo2 vla AL &
0] 84,8959 m’/year)®] °F 1/5(EZEYol F 9 11%(5259 m’/year)
I eAb 3 oF 793439 m'lyear)S ZHZt o]-& Fo]THUSGS, 2014).
FoOlA e o) & FL A X Uol F9} gAa F7 ZH7F 3349 mi/year
9} 989 m'lyear2 A, o] HA Eol&Ho| Z+zZt 64% L 29%0l I
ko] F Adsr AEYol F 1239 m/year, HAE F 729
m'lyear2A AA FoPEF ol&F] 27 37% F 73%0l 33,
Fo| AtrE FoHETE o] &3 ATHUSGS, 2014).

ol F /M F& H= W AU sHAYGeE, Az ol F T
(Central Valley) A 93} A2 o3y F2ZHE HAL2 F71A] 9]
= A HY(The High Plains) A& 20073 A oF $520% F
A= A4ko] o] Fo1x] o] th(Airhart, 2012).
oA A xYyol F& v Y 5071 F 7Fd 19, gAlx F
o 28 ATHUSDA, 2012). L&} o] g A Ho| A3 7}ES
20140 AP zYol FAE ¢ 1,619 km’Y BAZS A BIls3F
AJH 2 TSS9 S H(www.drought.ca.gov), B]AF F A X Qte] w3t
b FPAELS 2012~20149 5% FAFERE FAY TS ©A
J Aol o] 27]7FA] 3} TH(Walton, 2014).

F QR A o] HAoH, ?—Xél‘%
HI 25 2k Aol £+ o a9 A4S nfEst =S st
A Zol F& HALA F9o A ]'—/F-r] s =
o &

Asts BeAY S BASGOH, Asks Ao

o3
J;EQEAJHFQEOQ

B

fr off o 2 oot I
off

-

R

Mooz

e
T T o
=)
Al
1>

4
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2y Fo| AL Aol E(www.water.ca.gov 2 www.twdb.texas.gov) 2
DWR(2014, 2016)S a3ttt

1 |2 Az Yol F AlE

= A Z Yol FoAE Ztea5Ee o2 20149 7¢€ [z Y
o} A3t 9 #Z=(CASGEM; California statewide groundwater elevation
monitoring)] ZEZIHE AR T o] 2IHE F3I| BElEYo}
T F 51570 FAT Asts &4 7hd = @k AEd 12770 2A
£ AAsta, Aot 9 #S5S AU

o] ¥ 2014d 9¥€ [A&H7MST At B W(SGMA; gustainable
groundwater management act)J AAstA, o] 12771 A9 AY A
st TEr|#Bo R o F [A Sk AE7HsA Al E(GSPs; groundwater
sustainability plans)] D& ©]9} [FAFS Al ¥ (Alternatives)] = <% 3}
o AZEFst=F 873 THDWR, 2014).

el WA AR At o2 Qg Aste 1L

-
2, Aske REF g, AFAT WA, Ase 22 Ash, Awns
s

o

¢

&
)
k
[\
(e
>
rL
(9,1
o
i
ic)
5=
v
o
N
$
)
(o
H
o
=
~
o
a
o]

()

=
=}

o

=

(@}

=3
<

s
o

resources)> [ A8l A&7bs4d A H
sustainability plan emergency regulations)]
B Aske AR SYH ARe Adst, Fu 5% A8
T g HtE AAEl &y AsteAdY aFde AHATI LA 3

THDWR, 2016).

m[o o_|>:
=
ol
Py
Q
w2
lav]
esl
=
NG
[0}
-
o
o
=
(oW
3
=4
€]
=

4
4
e

#Z=(CASGEM) Z =719

Z(CASGEM) Z g8 o3& A&ty &
A= obd 8/ JAAE e AAHEHIAT A4 EAE
A woll, 1~6¥ &5ol tha] EF3} Ao A
NI, 0~53 HAE A7t A JATHE 6-1).

)
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% 6-1. A9 AFLE 3 1~6F52] 2 WHH(DWR, 2014)
zb = 8 9 73
.
M il 3z oAd W e
A SE #44 44 A A AskE FEF m)
G oAdrEE DL, Aes AeF @ee  o1EF Ads
(mile?) %) (mile’)  (mile’)  mile?)  (acre-feet/  ©]& W&
acre) **(%)
0 x<7 x<0 x=0 x=0 x<1 x<0.03 x<0.1
1 7=x<250 0=x<6 0<x<0.1 0<x<2 1 =x<25 igg? 0.1=x<20
2 Do 655 Log 2= Do s 20
D50 s s w0 xow as 0=
T P v A e
5 4,000=x 40=<x 1.0=x 20=<x 350=<x 0.75=<x 80=x
* 2010 F-E 20303 7HA] ¢l F7HE
T E&TTAFA ST, stT) T At vl
o ZF Q12E s AV S5 w2 Aot Fo9 7-8H dES
A= ALEe A4S F3 olFoAH, 7 EAE FAEe] A&
A5 1~6¥ el FrET 7TH R 153 HIYE Hgur 7
o=, 8 FEHLS 39| 2 (negative ranking) =2 -5H7}A] FoJHT
- BA W QAT 42010 AE]x Yol = JAFFA AR
- AT F7HEIPHE - 2010 5-E 2040374A] JIFSTE dEF AR
- FFHRA MAET o Hes IR dHolEHelx A s
- AA AR ARG 20129 A AR
- 98T WRA - HA EXolE Am F FAHI oA vy
- At E FAYORE o] &= vl & - HA EXo]§ A8 W FH3I
oA w¥
- B &, Ak Qs sl AT, Aty E= Ao 5 Askr Al
8%l FAdE ALdEY HE A8
- 718k dQsitty ddd AR LT ALdEY HE AR
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6-1)3 2o o] T HA #A 7
A wFEol 75%°) | EEe
A= 4 8 &A(ES o9, T8 &9

2 725, 4 =9E 24 J9 Bee (F 6-2)9F 2o

it

A AE = ATVE + AT

[(A3tg o] & + A3t o] &HI&)2] + Aol +
A= e (4 6-1)

Mee SHEs e SHes  F0 SHEN  ®e Sl
< <
x < 575 57513 P 13-431 o 2108 < x

° 20143 5ol T Ao W29, 5157 BA F 4370 A =2
=%l (high priority), 8471 A7} &3t <= (medium priority), 277 3|7}
@Fo Ef(low priority), T12]aL YA 36170 EA7F w9 e &9
(very low priority) = #&F5 A< 6-1>.

o 437) H& &9 EAdAE AYEYol F HA Asts oL of
69%% °l§& Feola, HA AT o 47%7F A el AFITHE
6-3). T =9 847 At EA A= B Eot F HAA At o]
BF oF 27%E o8& Fola, AA AT ¢F 41%7F AFsoh A}
Hom, & &A@ A T =A@ 2A)E FH R &
A= AgxYol F A At ol &Fe 96%E ol&sta Jda, A
AT oF 88%7F AFstE=E, o5 A g F

Ashs A&l e FRE 4 9le Ao B

e
il o
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North Central
i
Reglon Office .
Reglon
Bauth Central Gifice
Region Office -

19 6-1. APxEYol F A&}

(www.water.ca.gov)

&
A
N
iy
AC)
o
2
o
f

¥ 6-3. A EYo} F A3tF A #HY ¢Aes] A4E A

e BA A5 —— Y
A8t o] & HEn
=2 &9 43 69 47
3t =9 84 27 41
w$o =9 27 3 1
o] -5k & =9 361 1 11
Al 515 100 100
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o 20143 69 71Zo 2 AT ol F X549 #= Z 21U (CASGEM)
of o3t 1277 BEA(ES 9 2 S &%) F 7670 (60%)A] ol A
7!

Aste w97 SsiAl BS5E AL, 147(11%) £A= FEH o=
HFSHL AT U A 3770(29%) EA Ol M= A sk =97 vl
S5 AL, o] ZheH 3570 BA dside A Ask dE @
= s #F Aol +£d Foll Ak °] 9, ¥ =N £A)
2o W2 =G617E Al M=, EAE A Asta w7
Bo = stojg FET Asts F9 5 #dYES daste FEolH

o Agkr A #E FAeE A #Y FeAde uET &=
MEEAAR, e BAE A9A Bstal dFs)oF st=Aol that
WS EASA e Astg A 3y Aes] A, A7 8
ZEAl AAHA 6-1)0l TAste] ATy ol = A st ARkl a4
<= Brbstal, &5 Azt dyo WEFFE AAE Aol 27t o

o 2014%1 94 xﬂ AE [A&H7Hs3 As)
B 12778 BEA O thste, 7 EAE A
HE Ak A&E7FsA 71 3(GSAs) ] ©] *PA] x]+7}%-as} =) &} 4=
g5 AdFSAL st= doll Atk oo wel, 1277] A F A5

G4 ol &3t EA= 20208 1€ 31Y97EA], FY IS FHA

= 2022 1€ 3197kA] Astr A&7bs4 Al E(GSPs)ys T H

altojof gt

st A&7 71 (GSAs)olE E&8ZQA AldS 9t AFH, W

2 o] R, Aex ol FALF(DWR)S EAE At A

754 A Y, Ad 2 JUid & doh AL7ted Askr
of oJA7} PAY GiFo] BEg BAo A= Aelxz Yol F 2
4 #g] Y3 (SWRCB; state water resource control board)7} 7l i3t
PAAG S 3t o] AT & Aok

o 1277] &A o] &9, AdtF A&VbeA Ago]l LFHA v 3887
A= 2016 49 1LFE 4 FA 9 Astro] e AARIAME A
g Yol F FAA=(DWR)o| A E3tedof gt

o 2016 59 A x Yol F FAAF(DWR)E AHE Aty A&E7H54

4 e
o o[ S

o2
O

of
oL

P8

AN

do &

of

o R

AN

I 4
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AZ(GSPs) B FAAIR S HIbstal, NS AES7] fl&, Asts A

£7bsd AlE W 7FAHGSP ERs)S TEI, ouA S| thakdt
ABE FoE AAA oIS THARG. wEbA 1277 2 Aske A

o AsE ALsbsHs BHAge]l A4 ME EBALEGSA-l @
A, A&7Hs4d Adol AddE ¢ 20d o= HFHOE ZE AT}
& A%7HsA 71B(GSAs) S A FhF A E7HeA S FH(GSA-2 B3

ot k<1 6-2>.

HIGH GSA-2

: .

;-'EE A Sustainability Goal

-4 f.-"" — Operating within

E Sustainable Yield

=2 e ~ Without causing an

- undesirable result(s)
I.Ow Il ] 1 1 1
HIGH LOwW
UNCERTAINTY

a9 62 AelEUo}l F A3
(DWR, 2016)

228 A

g
B

6.1.3 A8t A&7 A" Bld A

o At A &7bsA Al vl A (GSP ERs)dll 9§ A gt A &7)E

A AE Y 2 A A 4DdAZE FEEY JYPHEG<TY 6-3>,

o IPAlE AskF AL7FsA 713(GSAs) AH = 3 GARA, A
Zy EAZE ABAE BASIAL, Aty A&7bsA 71 H(GSAs)= A HE)
o A3 A #AFAESE =A% 2@AE A AEHEAE AE
(GSPs) =Hl W AF GAEA, A3t ALK7HeA 71 H(GSAs)> A3}

T A&7sA AZ(GSPs)E R FEAS Hulste Ay Eyo}
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F FALITDOWR) AE3dch 3AE AskE A&7Hs4 A E(GSPs)
AE 2 F7t GAZEA, FALFOWR)E 24 EXE A &F A&7be
A AZ(GSPs)e AFAE AESI L BrIET 4a8dE A 2 Hn
GARA, BAE R84 AL HsA 7| H(GSAs)S AARIME AF
st w) sdvit Ao Ak A E7HeA AF(GSPs)ol I FrrE

=t

Phases of GSP Development and Implementation

Phase 2 Phase 4
GSP Preparation Implementation
Phase 1 andSubmission . hase3 and Reporting
GSP Review

GSA Formation

and Coordination ‘- and Evaluation ‘.
e °®

a9 6-3. At A&7 AE 8 9 Al¥ SdA(DWR, 2016)

74 ANDA: AskE AL 713 A 2 23
o 20161 3¥ Asl= A 3F AA 75‘ o] 4RHAAIT, FHAstAI Hg
& 74 71Zkel BA I+ BA WAl JhsskH, A I o

E 98 &FF
AA T BAAES olF WAsoF ot I 1277] A= 20179 6€¥
3047kA] Ak A &7HsA 71 BH(GSAs)= A gdto]oF drh

o FAYT(DWR)S A7 A HAE %ﬁ}i, Xlﬂ# A&7bs4d 7]
#H(GSAs) AHE 3 FXIvGoEA A3 2 s BAEE A

ki

o 17} At BA W Asky AL7beA 71¥(GSAs)S A= A A=
T Ak oo Aste AE7bsAd 71F(GSAs)ol 17 A A strE
HEEe A4S OE 78S AAF ol 3, JBF 7 24 A
(Coordination Agreements)S o] 52 o2 Adsle] thgo] A st A&7}
A4 Algo] g I/ EA9 A& BERE oud wHow 24
& A=A Aske AE7Hsd A"(GSPs)oll 71E sl oF ot

o mkeF QAT 27 o)A BRI A FE ALIMS5A 7] B(GSAs)EC] A<

I

d

il
o

ol
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7HeA ERE X3EA EAs
(Interbasin Agreements)= A2 4 Joh. EA7F
o elz ARl AS

U A At A%bsAH A 59 2 AE
Hoz %gdtr] YeHE

o Aske A&7V AR GSP) S T =, 94l
Ao 7t $Ao) FelAAsta B4 Bao] grsojo Bk =R A
s A4oks A ANGSPYlE 7 NS wASl Bh A BEY
Aol B FAG 71&o] TP ol shm, A5t el UUAS
ol 5 Qi ASE B Pl A oI} Aok AsE A%ts

A 71 BGSA) S AsHE AR B A2He TESelo} FTh

A&7bsd AY 9 /\l M Fa Ae AL By 71Es A
st Zolt<ad 6-4> FF 20 I A ol AW At A
LAYA 7 A Fevhe 7]‘;% sholl A, A olsjBAA(EE 71H) He] ¥
o5 T3l AL7beA HFr7F 2R Ho oF o

Sustainable Groundwater

Management
+ Groundwater Levels - ---'7* Q;}".’:h’.‘,f"
» Groundwater Storage ili IM“

M
+ Seawaterintrusion Gystainability’ Minimum
+ Water Quality Indicator Threshaold
+ Land Subsidence
« Interconnected
Surface Water
Significant &
Unreasonable
Conditions

a9 6-4. At A&7 AAAAHDWR, 2016)
olg a3l A7 A&7Med AANJDAA S 9, HE=F, FAE,

S, AMASE}, SFHF-A e FEzg)ol dis] Ha EEghe] AAE
o], Z+ AAIAYE w sdnit =2 = e YA ZFX(IM; interim
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milestones)”} Z]A|H o], HIFHOZ A &7}s3F #E] 7] F(sustainable
groundwater management criteria)®ll =3} oF gk},

o wf sdwnitre] JA HEA= FALTe AEES AAO
A&7V 718EL, A W Asts Az dA s
YA FEA DA duiy FFe FH, AL EH/Y
k=R, 28al AskyE Al dowd B3 & AstE AL
A &(GSPs)oll 71 &8t oF Fhe},

o 17} XA Wele= o8 7fel #E Y (MA; management areas)= = T

ATt A dEFGeit D/IE Ask ol &, Aty g, A,
S 54 T 278k A4 2H@, SAHAEEA, EUEHE = dF
2 #E Fol g + A7l WEolth

o FALT(DWR)Z A2vtA o] Aot A &7bsA AlE(GSPs) T H

3 At AL7sAd 71IGSAs)dl ek AAA Y, Agsd 9 9
olt}
H#

_|_4

o tlo -
oM
—o

e oft

% o
AY FHdS AT 7I€Ad & & F Ut A4 BEAE o]HA
TAHL = (DWR)el A3t A &754 A Z(GSPs) &<%te] Had =
gHS AAE =+ AT

£ rlo

=
=
=]

T

ok A3GA: AskF A&7bed A AE 2 Hot

o FALFDWR)S AEH A Ast5 A&7Me4 AL GSPs)S FF
203 B¢ HE P AT o), 2kE 2 o] HrHE o F ot

A&7 AZ(GSPs)ell s = o 60 &< &4

dl TEAde AAY dAHoIh ANsts A& sA A H(GSPs)

Te 5
AE AR, BHFoz AAHAY, A&/ a4 B H(SGMA)
o] 8 FZS WYstA LdAY, FAHAT YEo] AdE e A

A B2 L (SWRCB)= ool /MYste] AES

g A4gA: A L By

o A3t A &7H5A 71 HGSAs)S A dtE A7k A A (GSPs)e] AH
Y go] &7 AdARIAE T 3 49 197HA] AL =5(DWR)O A&
stejof gttt AL (DWR)S AAEIA, Adt A&7bsd AY
(GSPs)®] 5957 MAES AEsSI BH7HE oot
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o AR A, 5AFT] MA R EHHET A¢, A x Yol F S}
2] 91 Y 3 (SWRCB)+= ©lo] YT 4 At

e
<)

6.2 H]= BlALZ T ALY

o HA F AStFE F Y FUFE 2 20 BFUEFAdA FEE
ok o] F A EFR AT 7t Ogallala) FoFTolA A A
5] 9F 60%(682] m’/year)E, 7N 8] Z-Y & (Carrizo-Wilcox) 2 AX
OH(Gulf coast) FUFZA 30%(34%] m'lyear)S FF3tH, o] &
& U x QFEZ2EZRE 10%(129 m'lyear)®] Ad57t FFEHIL
THRCGCD, 2014).

o Al F= Hg W Fa F4E AR 19E AFste v E, F
A& Askge o] g Hl&(73%)°] Wl$ Atk I3 v EAA F
A Ad 20099 FE 20133714 AR AIVMEoE & RS
Arolo] EFdo] WY, T Astr A 17 fVE @
o] 3} th.

o T3 At W AFZ7H2014d FA <

O
oL

O

e
=

2,
¥ o g

7H& 24.4%)2 HAR
Fahel o] 3117
) CH(Airhart, 2012). o}
= 7HA =¥l o

&

2 2t ofy
32

7 olel @ lgere BTAe 8
o g FAA SHERS AdtS
stol B4 sHe T

e

6.2.1 A A8l He] BF

conservation districts)©] 2}
At N, T, B JdFE 2713 ATHTWDB, 2004)<1¥ 6-5>.
o ZF B FHLE A DY A, AledAAA A LF, A 3¢ o] &

b

BUE 5o dioz BePuE FYHE, A FFF A, B
A AR, AZE bl BT FA, T A wIs] AW,

a8]3 B YR olFste Astre 7F T did dAdyE WA
th(Sahs, 2009).

- 205 -



| 11

5 3 T _i‘—l 8 1

4 7
{4
9
(T
5
13
Areas with groundwater
|:| conservation districts
D Groundwater management areas 1
100
IMiles

9% 65 HALL F ASRFRATAT Qe A

o Ay HALE FE oA E A Aol YAste] Xsta7
gE 7] wWZol, At F=F FAlo EEstes #48 AT
of WAetH #AH AfrFo FARN FFE KIS
U= FAol lth(Hardberger, 2013). ©] wjFol T
AT At B Fool §A Ay YA AdEE

o ke At BE 79 tg3e FEAE AAd gt A
of ANETE= Ald BAE wet FAEH AT A= U Sl
st Al AR 2N g BA 7950l B E Ayt 3
oA, o8 B FH9E Atolol= BN FAZAETH nd4d
A3 FA 0] LASHA FATH(Dupnik, 2012).

o mEkA Ak dEE FHEslr] fdl [AsHE dE A H9(GMAs;
groundwater management areas)] ©|gt= 7|#o] FHEH &F Fol U
o Aot #E Ao A2 A s BA FARHA BE A
qo] AAE AQst F rFo AsteE Helst= dHel Aok

Ir
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o ARAOZ o] &qtE ATk B 79 stUE Fo dEsing
BEEA4e Axsta, 74 dsY FeA"E 54 7Nkg Akl o
T35 {A ALY 7hestth 20149 @A, A FolE 16708 A S
e 793 10108 Aty B FHE50] AAFHo| AT, dF A
st BAToe] AAHA ¥ & U

622 A== teS ¥
o Q= Hes &
SR CEEET
agency)®|th<1% 6-6>.

el = Askr o3y
(EAA; Edward Aquifer Authority)2 ElAL: %

.IR_YE
_l-LJ

Z #g o)) 7] F(regional water management

Bell

L. ¥

Williamson

_"/. Travis 1
Hays 7

,— - Comal B
Bolap Bandera -
Guadalupe

/é Bexar N

7. 1

25

Subsurface g g Atascosa —IMiles
-

a8 6-6. AL F o == A5t t4F(AEAS, Uvalde pool;
& A9, San Antonio pool)(TWDB, 2011)

o 87) AlEol BAYE AENE g5
=] :J—V_.g..

g o FRIAA AstrE :
TE A9 Y R 559 e =AY, =58, A,
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o
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A3 st FEIF asq

o O]F {5t olE=fE digF T W JHJICES) B AT
AT Aok o] § Ut e 7} o
THS A, A&7 s #AEE ERIGE

o JELE tFFe A MAEYSL FY(San Antonio Pool)I =
T4 (Uvalde Pool)©. 2 FEEHT} XA wels, 471 F 8 A
A thF At #FFY T4 (spring flow) H3}

7|Zo 2 gt A9 | BEA71F A4

A% 71EA ol njGd A oQRF o g ZFojo}

3l 8 & (withdrawal reduction)

Mo M
o bt
N
o o ii ok
oo Ty
€%y
oo ali &

flo
XN
ok
(S

X 6-4. AL = A3t G5 AlF 2 & (www.edwardsaquifer.org)

- ) oA

Mo
N
N

G4 I9A HIgA IveEAd vaA

J-17 BZ2F 79 msl”?) <660 <650 <640 <630 <625

San M A4
e RER W wawe
ntonio

T4 Comal #HF 5% () <225 <200 <150 <100  <45/40"

SrEF AT 20%  30%  35% 40% 44%
Uvalde 127 #5359 (ms)) n/a <850 <845 <842 <840
T FrF ATas n/a 30% 35% 40% 44%,

e

1) J-17 8 127 #A5FANM = 1094 B Asks woREsE 7|Eo R sha, F )9
4 Z(the Comal ¥ San Marcos )M = FEF] A E 7|Fo=2 &

2) msl: H3|5H (feet)

3) ofs: 129 1AAlF JE

4) <45/40: 1043t o] FFxto] 45cfs wIRko] A, 33t o] FH o] 40 cfs WA A9
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o o]HH AEA S fs) AFE tes Aste #Aels, AE7)
A3k 0] &S AT @O R ool on, ARHOR o
ol A At delE A¥sted rldska o

6.2.3 = A& 7hE Al Aska H A

o [& A% (Water Markets)] < AFARN FALE & Az} 84 A
olo] ArHo = wjrjste, FaAS ZHE THAUA AHEE F e &
o= Aujsta FAYd BAYRES EASE Al ==X (Ballew, 2014),

]_
i}

olr] eE Awolr Has Fute] e AEE ohrt.
9 15

=

I
Edward Aquifer Authority)] < ‘f’_]'i'jwzi 2l A
$49 5T A8d gov), B Bz} 487 ghe] Rl A
2, 829 3o 28 ZHHHXWOEH ool dgshn, AsA
HA w2aE Adzx skt 183 49 & ‘:‘7}7}7'4%— el A st
s} olgE + Qe ] AAAAE AAT ¢ QEs Fasad

(Boadu et al., 2007).

o 2 AR YA B A4S dx 3 el ofd ARHT, B AR
AAYA ST 5 e Bo Bo| o]5L TRAT 1T o, |
N afdd] Folns 2EA7 oz AASE A =AU
FA8 AT} Bold ARAGA, 57 71 B4 S5FFl o
AAT, 1 AT Y BN 5ABS Aussd 2oHE 2o %
e Hawor Folx, g doio B T LA Bujdth

ool F AR FolWe 1€ BHEL £EA L £ JE TAR

24 2 olo)e Ae 5 Yk o] F B FTFo] ABAW ol
Re 2 pulE FAEL AR AME S8 2L oAU A,
AEA 9N Ha BF SRR HERIT

oMY B AL ol AMAE $AUL BT} O AAHOR o8y

Ballew(2014)& ZFilste] vl €A F9 A E 7]<st
of =37l M E ojwe AEo] HastA o tfsl] A3t Ac
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7},

o

2 A% 29e 9% AE

B A =9S A, oldigh 2 47k J1F0] AAM} @t

(AG-NWC, 2011).

AA, B BN AR AFHolo} Ak BA, RE B BulA

S B A Aol 4 AT + ddolol 9T AA, B

BN 2L Ba) Bo] o] 5H Fe A BSY & glojof @
o

NEFUZ ASEE O G AN 5L A Hlgol 225

w7t Apolo] B Aol o5 Thbd WHOE o]

il
rgi i
S
o
-

AH, & dge €5 == A7V} olsE T JTH(Griffin, 2011).
E 23 Yy IA #v, go, Z5dx AY, a8l & 238 5
g AHE 7S 5 ok E dAvdE & A FFHA oFE ¢4

e B odoe, AgE 1 B¢ 2 Ao oA olge d@ed.
25AE Ade 2 Ay B FujA Apolo] FoFo] BEF A
Tolgt B2 olEA7E Ae Fepsa, of 717k Bokelw Wl o ¥l
wsle AL ddEd

= FANA AHujA| S = .
= AR ZAE S8, gGAa2 A i Y A3](TWDB; Texas
Water Development Board)= BHAL~ & 23 (Texas Water Bank)S &%
U A E EHE G Aol el e AL
=AY olss BHYFES MNLEHIAG F, LE}J AdHs Fa,
BulAEe Fol P} AAE A §o5. FadEe Fasl o4
of we} olF Fuigtt. 1ga "gArx Z,‘—x]«l N £ 3)(TWDB)=
3748 dRE 9l "HArtx =& AlE(Texas Water Trust)S =% ol
Atk 2} TR REO0F HINAE o] AAHS B3 E A

o) ASE B e Holth



U dEfE daT e = AR

o o=t Ul4% FE|(EAA; Edward Aquifer Authority)S EJAL2: £
Fo gAstE Asts BE T Bolt. JJEYE DFF B I(EAA)S

79 W JHJACHDANA FAGEF, AL, FHEF 2 B

=
=

-

4
of
N
r
o

=)

=

N

=]

el &= ioﬂ‘”%/\ Twol FH EZo|e
Y 2(San Antonio) A7} A we} &

2] o] uiH AT

T 43 FET(EAA)S B TFY W Aste o5 Hg
st o] &ALEANA At o] & FUlSS wiFeta, #A
F HEN A E o] 8T F =R 5
Tt T A AAE Astr FrFs AA
dgHE WA TH(www.edwardsquirfer.org).

= T F(EAA)S A3t #E] AFS 7bte =z A sk
I 199830 & Aol AAE FHE 2014 1147
7N P #ujols)" = ARk & AddE) A mE
<19 6 PYE&TE o] &HY & HYE E UE FolgdFHeE
AREHE A7 7 Bk, soldE&TE A ETE Adstes B¢
7b O geeldn. 271 Wit & AR Alxrt @ S dey
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Permit Transfer Applications

BOO
700
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k=]
& 400
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.- | =
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2 § £ 8 8 B 8 2 2 2 8 5 8B 2 &
- - &N &N &N N N N N N &N N NN N
M Sale
M Lease

re
)
&

a9 6-7. A=A E tigS BTl s
=g °]F S (Ballew, 2014)

Permit Transfer Application Types
1998-2014

Transfer Type
M Irigation To Irrigation
M Irrigation To Municipal
Irmigation To Industrial
B Municipal To Municipal
M Industrial To Industrial
W Municipal To Industrial
M Industrial To Municipal
B Municipal To Irrigation
M Industrial To Irrigation

I8 6-8. =Y E s Bzl Had
Ede ols FHi(Ballew, 2014)
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S oJHE AEE QAT £ g, AR 9IS MY Sole

= U4E BE F(EAA)S Ol °ﬂ t-s-st7] #13 W% (the Edward
Aquifer Authority Act)oi 7H<=*l(1:H el & AgE ifsﬂ St Al st
As, 24 dede = #E=(EAA)TO] R34S BYFT o)L
FE AT & AEF iﬂ# AMRACHDS & A olsd #Hdd U=
7S dEfE tiS BT (EAASERH WEE 5% THBoadu

et al., 2007)

A=A < = dg B3 E 98, sod &l 22 = A
7 ¢ Ol%—o— HAow Azl 7 50%5 015% T AES AR
ool tEAC o3 FolEAY =AY FEER wYS FolE
E A A4AE 88 F Jd, w4EAY E iﬂ% mj A}t =
Ao dujsts AEAR] & dd Ao Sdol| Wiy 2 wEolt
AEHE TS BY=T(EAA) 9T = Ag oA a3 AA

AAe) Aol olyr] Wz, ¥ el Bl ) =
st A Hel & ujulel o oloe AE T £ gt BHE

of off =
o)
i)

= Aoz BMHEY. O 12
AE&TE olFste A & 7H4ol =4 AAE Aol EAs=
° 2 EA®EtH(Kaiser and Phillips, 1998).
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o &&3l7] flste 7€ AFEF AAE ARE o] &% BFES AL
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ANAE A5 B4 WS o3 258127 44 04 19 554
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drought)ol] ™} dF A &3 (normal distribution) #%<1 0.2420, 0.1295, 0.0540
of s Z3t= WIE2(percentile) 7]Fo Wt A5t A e A&
=

B dFoAE HA 43 ol A=AV FHEH TS
Ql 1

==

SGIE &43%t7] flste], FATHEZ hu2 < & W& AA s}
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(4% 1/1)

AY R

39 2 2 2017-RA-1263
AlEy MygE A% 24
M=k 30em E4 (301l taxturel zandy loam
M) Inem WETE R XN L TR
¥ =k Blam R 4801l Laxture) aandy loam

¥} Seem

SR AE)

942

4 =} Ticm R 41801l texture] mandy loam

45 Thom S EiH44) LR

Y %k $0cm £ 41801l taxtural gandy loam

ek etem AE(W S E

W=k 110em E4 (301l taxturel loamy sand

%%} 110cm PETC ERT]] FEVETES
=] al o o

# NDIKot Datacted):-d 4§ oe o) ak

SRR FELELELE R L ESIES B M%}'
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q4¥uat% : 54(50il texture)

a4 Sand(%) Silt(%) Clav(%) Soil Texture
& 3 30cm 53.80 20.36 16.84 Sandy loam
#H slem 69.66 10.36 11.08 Bandy loam
&3 T0em BE.16 21.82 11.82 Sandy loam
H 2 S0em B9.24 18.36 12.20 Sandy loam
&% 110em 80.84 10.02 812 Loarny sand

g ' A4 82 $Y 2938 399343500
Naotional Instrumentation Center for Environmental I!nnnnumnnt.
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MREH 2 30em
A= mm | EFHEH | ERIH | =M g rotg |WESR) | rHEEES{K)
4 4.76 4B7.00 54236 65.36 18.45 81.65
10 2 472.83 483.31 20.38 2624 74.76
20 3B6.21 412 .66 26.34 34.02 65.88
20 34686 380.82 24 04 23 62 61.31
B0 34861 372AT 23.66 6668 43 .42
100 31308.66 3m5 84 2028 6334 36_BB
200 324 2B 334.63 10.36 6E.7% 33
rezidusl o 2B7.12 386.78 95868 100 0.00

« @2 4= | Methods of Soil Analysis,

Al : 3Yaocm
B0 1 -
50 L 1
sk *
PEHBNE | il
{x} 60
50 et
*
40 |-
50 [ HH- N . |
" i) 10 il oA 0.0 000
1=k 1o, mm)

NICEM SR LLFELELEL LR LR s R
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Mad &2 6lem
HuE mm_|[E7|HEH | SFHINH | THH g ot |WES%) | rHEHEESE)
4 4.78 488.3B b613.69 243 24 31 B.e4 81.36
10 2 478.08 491.0% 13.1 37.32 1326 86.74
20 3B87.06 414 BE 2761 B4.B3 23.03 76.87
20 363.12 308.26 4613 108.98 38.08 6084
B 368.7T 306.77 38.00 14798 65266 27 .44
100 330.46 367.26 27.78 176.76 62.43 37.67
200 321.84 335.33 13.38 18814 B7.18 32.81
rezidusl - ZB7.A2 375.60 89238 281.52 100 0.00

« B2 T Methods of Soil Analysis

AlRH : § 2 6dcm

BD RS

- i

PEBSE
(s B0 't

5D .

a0 .

. -

"o 10 1 0. 0.0 0.00
2] #71(e mm)

NICEM SRV FERLELERADUESLELSE SR EE
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AlRH &9 T0cm
e =4 E7H2AH| £HRA 7t a THSHEEE%)
4 48686 487.31 11.36 B5.60
10 47811 492.28 2463 80.23
20 3E8.22 413.77 50.08
20 362.68 388.37 B6.B7
B0 362.67 393.54 27.7
100 341.16 370.3& 55.24
200 322.83 336.88 70.96
rezidusl = 2B87.12 368.40 262.2 100
«@B 42 | Methods of Soil Analysis|
AlRE D BT Toem
i ] 3
B0 He—
B0 T
rHBNE D s
() =Y
EO *
40 .- !
0 | - 1|
B oo 10 1 ER | g0 0.00
#7H #7id, mm)
NICEM AR LR L E L EL SRR R LB B R
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B &9 B0cm
Hu= mm | E7H2H | SFHIH | A g rolg |WES%) | rHEFEES(K)
4 4 Fi 502.43 156.06 16.06 6.07 94,83
10 483.98 16.17 31.23 10.62 g95.48
20 418.96 28.69 B8.82 20.18 79.82
40 410.70 5542 118,34 40.18 68.82
60 403.47 43_78 16812 6E.61 £3.3%
100 37616 33,43 20181 67.88 32.12
200 341.66 15.64 M7 16 73.12 26.88
rezidusl 36696 TS84 29692 100 0.00

« 22 | Methods of Soil Analysis

AlRdE 2 eoem

= {71ie, mm)

NICEM SRR LFELEEELL LIRS LR R
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MEH &2 110em
HUE mm | E7|HFH| SEHFAH A et [WEER | rIEEEASNES{E)
4 4.75 4E80.4 0.88 .86 0.28 88.72
10 2 473.80 1.84 2.67 0.87 88.13
20 3B6.BE B.50 1117 3.66 86.34
40 364,62 77.80 B9.07 29.15 70.85
G0 361.64 BE.32 176.39 67.3% 42.61
100 340.80 £1.2 216.80 70.88 29.12
200 326.84 18.74 236.34 77.01 22.9%
rezidual = 2B7.12 70.26 306. 60 100 0.00
« 24 E [ Methods of Soil Analysiz
A8 F9110em
] R
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TERMNE
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(42 1/1)

A YR

29E - 2017-RA-1264

A EY Bk ks A% 24
& 30cm 54 (801l textura) 8llt loam
+3 3tem BETEE S| Y%=
45 s0em 24301l Laxture) ailt loam
5% Stcm SR ) 342
£ Them 241501] taxture) silt loam
F5 Toom o E(H 1) Tou=E
5 S0cm 541824l taxtura) 5ilt loam
4 slcm a3 94
2% 110em 54 (301l textura) aandy loam
#% 1l0cm BETEE S| Y%=
=] ul = of

# NDIRok Dabacted)-3d 4904 o4t

a T T PSR SR P S
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Mg : §4(50il texture)

qad Sand(%) Silt(%) Clax{%) Spil Texturs
= 30cm 33.186 BG.B6 11.28 Silt loam
=% slom 24.38 E0.60 16.04 Bilt loam
=% Thom 2224 £3.84 13.72 Bilt loam
=5 Blom 13.88 £8.66 17.66 Bilt loam
=% 110cm 67.60 33.16 B.24 Sandy loam

— ' AR LR L ELEV LR T EEL S R
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MEH =5 30cm
Hy= mm_[E7HFH| &HFA el relg | BES(%) | rHEHEESR)
4 476 487.00 487.29 0.29 0.29 0.13 BO.ET
10 2 472.83 473.50 0.67 0.95 0.42 20.658
20 0.BB 386.21 3E67.89 1.78 274 1.1% B8.51
40 0.426 | 346.88 363.32 6.37 8.11 3.87 B6.03
&0 0.26 348.61 360.81 11.30 20.41 8.80 81.10
100 0.186 339.68 364.66 16.10 36.61 16.48 B4.561
200 0.076 | 324.28 333.91 2.63 4514 10.68 BO.31
residual - 28712 471.20 184 17 228.3 100 0.00
« 2488 - Methods of Soil Analyais]
Almd: FF s0cm
00 (I
a0 1 ISR - il
.
20 1 1 BN Ll
70 LI
8 BeHE
) EO 1 111} 1111 il
50 1 111} 1111 il
a0 1 111} 1111 il
30
20
L R [ B e
a
i ] 1 o, 0.0 0.0
= #®21id, mm)
NICEM Aid 2 39993444 494 F 0%
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