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Introduction

* Agricultural industries
dependent on irrigation water

supply

e California’s Central Valley water
supply integrated within a
complex surface water
distribution network

(Sears et al., 2017)
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Water Flow in California’s Central Valley
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http://farmertofarmer.blogspot.com/2015/08/supporting-social-entrepreneurship-in.html



Climate Change and the Sierra Nevada Region

e Accepted that warming
temperatures will cause
greater amounts of
precipitation to fall as rain
instead of snow, decreasing
the thickness and length of
snowfall and increasing the
rate at which remaining
snowpack melts

(Pavelsky et al., 2011;
s 4 Aguado et al., 1992;
oy : - I i ) . Dettinger and Cayan, 1995; Stewart et

2011 2012 2013 2014 2015 [

http://abc30.com/news/5-yearly-pictures-show-the-california-drought-in-yosemite/568229/
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California’s Sustainable Groundwater

Management Act (SGMA)

* SGMA forces groundwater
sustainability agencies to implement
groundwater sustainability plans
(GSP)

l;‘

* Unknown how much availability will
be reduced (Null et al., 2010)

p—

https://www.npr.org/sections/health-shots/2016/1 1/11/50161 |509/what-happens-to-mediaid-in-califoria-under-a—trump-
administration
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Project Site

e Central Valley project’s
Friant division which
comprises Millerton dam
and the Friant-Kern Canal

Water deliveries highly
variable and subject to
snowpack conditions in the
headwaters of the San
Joaquin River

https://www.usbr.gov/projects/index.php?id=133




(Identificatiun of Climate Hazards

*Discussion of past climate effects
*Creation of system mode|

Jecision-Scaling Modeling

Identification of performance
indicators and thresholds

Decision-scaling modeling compares effects of decisions ) i )

across range of potential conditions @E!

(Brown et al., 2012) *Stochastic analysis of to identify climate sensitivity of the
system

*Creation of the climate response function linking climate
statistics to performance indicators

Assign climate conditions as the state variables, to find "d;?"“‘f_*;:‘“’" of climate states according to decision
. . . . . . optmah

range of climate variables that satisfy a certain decision

scenario

(Bussi, et al., 2016)

Climate Informed Risk Estimatio
\_/

*Produce estimates of future values of
the climate variables defining the
climate sectors

*Estimate relative probabilities of
climate states

*Consideration of residual risks

Figure 1. Diagram of the bottom up climate risk assess-
(Brown et al., 2012) ment and management process.
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Engineering Goals

* ‘Bottom-up’ decision scaling approach to quantify irrigator actions (fallowing, groundwater
recharge) that will need to be taken to meet SGMA objectives under range of hydrologic and
regulatory conditions

* Not a physical model in which a groundwater system is designed, but a creation of potential
first-order human changes to system that could be easily monitored and credited in the
existing groundwater system
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1. Water Balance

¢ Determines balance of irrigation water,
groundwater recharge and groundwater
pumping that will be available

Model

2. Create
Synthetic
Streamflow Data

e Apply state variables shifting water flow earlier and
more densely to mimic potential climate change
scenarios

Methods: 3. Calculate Net

3O teps Groundwater
W]_thdrawals e difference between groundwater

(NGW) pumping and groundwater recharge
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154
155 : HHEHARHARRRRAHAWa ter Balance Simulation#BHHEHEHHHEHAE
| 156 ###The water balance simulation will allow us to look at what will happen to Millerton Lake, and the

157 #Hifor irrigation water, under the different conditions specified in the millerton_df inflow files.
158 ###streamflow conditions downstream, we will have to calculate different values for environmental re
159  then irrigation deliveries. What we ultimately want is to look at one particu
160 Wh irrigation water they will receive, how much groundwater pumping their fa
161 FHithey will be able to dO\ To begin with, we 'initialize a few variables:
162 irrigationDeliveriesDE = @ \# this is the varlable we will use to keep track of how much water is de
163 gwPumpingDE = @ # this is the variable we will use to keep track of how much groundwater is pumped
164 totalRechargeDE = @ # this fs the variable we will use to keep track of how much recharge is done b
165 prevDeliveries = 0

W 166 earCounter = 0 # we are goncerned with these numbers on an annual basis, so we need a variable to

ater 167 s S ni ize some vectors to store the annual totals

168
Balance 169 ~ : realization] = millertonCapacity
170 rechargePondStorage[ﬁ] [realization] = 0.0
173
MOdel 172 for t in range(1, T - 1):
173 #HHtwe first need to identify where we are in the year to determine what kind of action needs to
174 #Htindex.dayofyear is used to access the part of the dataframe that keeps track of the date. Be
175 #HHtwhich day of the year (1-365) corresponds to each point in the timeseries (thats what the pa
eDetermines balance of 176 daynumber = int(millerton_df.index.dayofyear[t])
irrigation water, 177 monthnumber = int(millerton_df.‘ir?dex.mon’gh[ . .
178 t]l) # similarly, index.month returns the month associated with the curren
groundwater recharge 179 -
and groundwater 180 #Hiwe want to convert this dayoftheyear to a 'water year', which is used because it better trac
pumping that will be 181 #HHiSept 30th of the following year. To do.thls we WJ:ll_ use an 'if!' statgment. _
. 182 #HHAn 1f statement allows us to evaluate different lines of code under different circumstances.
available 183 #HHEThe statement immediately follow 'if' determines what we do. If it is true (if daynumber is
184 #it#we evaluate the indented code immediately following the 'if' line (i.e., subtract 274 so that
185 #HH#If it is false (i.e., daynumber is less than 274, or Jan-September), then we add 91 to that i
186 #Htafter October — December
187 if daynumber >= 274:
188 dowy = daynumber - 274 ##d.o.w.y. stands for 'day of water year'

else:




Water Balance Model Considerations
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# 1: moving flow from April-July to Oct-March

percentDecreasel = 0
percentDecrease2 = @
for realization in range(®, numRealizations):
percentDecreasel += 1
if percentDecreasel ==
percentDecreasel = @
percentDecrease2 += 1
for yearNum in range(@, numYearsTot):
for monthNum in range(@, 12):
if monthNum < 6:
Create syntheticMonthlyInflow[monthNum + (yearNum — 1) x 12] [realization] = monthlyFlows [(yearNum - 1) * 12 + monthNum]
. elif monthNum < 1@:
Synthetlc flowShif nthlyFlows [(yearNum - 1) % 12 + monthNum] x percentDecread .2)
icMonthlyInflow[monthNum + (yearNum — 1) % 12] [realization] = monthlyFlo
yntheticMonthlyInflow[(yearNum - 1) % 12] [realization] += flowShift / 5
syntheticMonthlyInflow[(yearNum — 1) % 12 + 1] [realization] += flowShift
syntheticMonthlyInflow[(yearNum — 1) x 12 + 2] [realization] += flowShift
syntheticMonthlyInflow[(yearNum — 1) % 12 + 3] [realization] += flowShift
syntheticMonthlyInflow[(yearNum — 1) * 12 + 4] [realization] += flowShift
syntheticMonthlyInflow[(yearNum — 1) * 12 + 5] [realization] += flowShift
e:

e Apply state variables sy

earNum — 1) x 12 + monthNum] - flowShift

Streamiflow
Data

NSNS N
G

ticMonthlyInflow[monthNum + (yearNum — 1) % 12][realization] = monthlyFlow, earNum — 1) * 12 + monthNum]

cfac # 2: movin June-July to April-May.
shifting water flow iF oonthun e 8
earlier and more flowShift = (syntheticMonthlyInflowl(yearNum = 1) x 12 + 8] [realization] * percentDecrease2 x .25)
L. syntheticMonthlyInflow[(yearNum - 1) % 12 + 8] [realization] -= flowShift
densely to mimic syntheticMonthlyInflow[(yearNum — 1) % 12 + 7] [realization] += flowShift / 2
. . syntheticMonthlyInflow([(yearNum — 1) % 12 + 6] [realization] += flowShift / 2
potential climate orint (flowshift)
change scenarios Af monthNum = 9:

flowShift = (syntheticMonthlyInflow[(yearNum — 1) *x 12 + 9] [realization] * percentDecrease2 x .25)
syntheticMonthlyInflow[(yearNum — 1) x 12 + 9] [realization] —= flowShift
print(flowShift)

syntheticMonthlyInflow[(yearNum — 1) * 12 + 7] [realization] += flowShift
syntheticMonthlyInflow[(yearNum — 1) x 12 + 6] [realization] += flowShift

NN~
[\




Climate State 1
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* These two state variables, named climate state 1 and climate state 2 respectively, are investigated in the water
balance model, accounting for different ranges of water flow shifting from spring to winter, and for different ranges
of water flow shifting from summer to late spring




Climate State 2
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e 20 unique synthetic hydrologic scenarios were generated by combining different magnitudes of each state variable
combination
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Look at the different combinations of monthly irrigation demand reduction and changes in recharge area
availability to observe changes in average NGW, in order to comply with SGMA objectives and end up a

presumed increased water supply
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Calculating Net
Groundwater Withdrawals

(NGW)

edifference between
groundwater pumping
and groundwater
recharge

Vv v vV vy VY Y Y
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| MID=0%decrease, RPA=.4
. MID=0%decrease, RPA=.8
. MID=0%decrease, RPA=4
.| MID=15%decrease, RPA=.4
| MID=15%decrease, RPA=.8
.| MID=15%decrease, RPA=4
| MID=30%decrease, RPA=.4
. MID=30%decrease, RPA=.8
" MID=30%decrease, RPA=4

iscussion
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Groundwater Losses
Groundwater Losses
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Results (Cont’d)

Showed greater

groundwater

withdrawals -

100
(increased by

o
o

approximately 29%)

when the most

N
o

Volume (in thousands acre-feet)
[o23
o

extreme climate state

N
o

is applied. 0
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Average Groundwater Losses

101.8363331
79.01832147

Base Case Versus Most Extreme Climate Scenario

Base Case (current conditions) Most Extreme Climate Scenario
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* These hydrological cases were determined in order to resemble the most likely situation of SGMA demands being
met while trying to attain increased water availability

* |n addition to the climate change simulations, which reduced overall groundwater availability, the simulations of

system changes confirmed past studies’ predictions on the benefit of adjusting the system parameters (Bussi et al.,
2016)

* Proved to be optimal scenarios for water users as groundwater availability is expected to be highest
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* In future climate states where premature flow occurs due to
more quickly melting snowpack, adverse effects can be seen for
water availability, which can deter farmers and irrigation
districts from continuing their work in the agriculture industries

* New information for the case of the Millerton Dam, which may
lead to further research to enact more climate-change —
sensitive legislation

oto-gallery/images-northern-california-tour

http//www.watereducation.org/ ph
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Future Research

* Further research is required to resolve the
extent of the adverse affects for farmers
and irrigation districts predicted by the
SGMA legislation, which reduces
pumping, plus the effects of climate
change

* Model the effects of the financial
implications of continuing or transforming
land use
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