[ntroduction

e Agricultural production dependent on irrigation water provided

by SN snowpack/ groundwater aquifers

Drought water
supplied through
unregulated
groundwater
pumping
unsustainable
reductions

in groundwater

storage
(Sears et. al, 2017)

http: / /www.wbur.org/hereandnow/2015/06/23 /water-cuts-california-farmers

California’s Sustainable Groundwater Management Act

« SGMA forces water Groundwater Sustainability Agencies to implement
Groundwater Sustainability Plans (GSP)

« SGMA legislation will result in less available irrigation water and agricultural
activity

 Not universally accepted how much availability will be reduced and impact that
changing climate and hydrology will have on this reduction (ull et. a1, 2010)

The Effect of Climate Change on Snowmelt

« Warming temperatures will cause greater amounts of precipitation as rain
instead of snow, decreasing thickness and length of snowfall and increasing
the rate at which the remaining snowpack will melt

 Less overall surface water will be available for irrigation

(Pavelsky et. al, 2011; Aguado et al., 1992; Dettinger and Cayan, 1995; Stewart et al., 2003)

Review of Literature

Decision-Scaling Modeling

Identification of Climate Hazards

Compares effects of decisions across

*Discussion of past climate effects
*Creation of system mode|
=ldentification of performance
indicators and thresholds

range of potential conditions

e Scaling of climate information

required for particular decisions
(Brown et al., 2012)

Risk Discovery

e Relates information about future

*Stochastic analysis of to identify climate sensitivity of the
system
*Creation of the climate response function linking climate

climate conditions to decisions of

interest statistics to performance indicators
. «|dentification of climate states according to decision
 “Bottom-up” risk assessment optimality

approach that begins with metrics

defined for stakeholders to separate

degrees of acceptable system : , i
Climate Informed Risk Estimatio

performances (Bussi, et. Al, 2016)

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

=Estimate relative probabilities of
climate states

*Consideration of residual risks

 Assign climate conditions as the
state variables, to find range of

climate variables that satisfy a

certain decision scenario. Figure 1. Diagram of the bottom up climate risk assess-
ment and management process.

Using Climate Information to Influence Decision-Making

of surface water imports to
reduce reliance on

groundwater for irrigation

Division, comprising

Kern Canal to import up to
2.2 million acre-feet/yr. of
surface water to agricultural

contractors

https://wiki.ewater.org.au/display/SD41/Australian+Water+Balance+Model+%28AWBM%29+-+SRG

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

« Water availability from Friant-Kern Canal = important factor in determining
how irrigators in the Tulare Basin adapt to SGMA legislation, but hydrologic

uncertainty related to climate change poses challenges to the planning process

(Brown et al., 2012)

« Tulare Basin takes advantage

 Central Valley Project’s Friant

Millerton Dam and the Friant

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 physical model in which a groundwater system is designed, but creation of
potential first-order human changes to system that could be easily monitored

and credited in the existing groundwater system

Discussion

e Increasing both climate state variables by 30 % caused greatest increases in
NGW

« Demonstrates that in the case where irrigation demands decrease and
recharge area increases, more water is available

 This hydrological case is determined in order to resemble the most likely
situation of SGMA demands being met (when groundwater availability is

highest)

e Shows with the most
extreme climate case,
in which flow is both
shifted from spring to
winter months, and
excess flow is present
in the spring due to
more quickly melting
snowpack, there will be
less available
groundwater, which
could harm irrigation
districts and

independent farmers.

Conclusion

 Cases in which recharge areas increase and demand is reduced offer the

optimal scenarios for water users as groundwater availability is expected to

be highest then

 In cases where groundwater availability is expected to be lowest, SGMA
legislation and climate change alike, when considering the best-case
scenarios for water availability, when demands are reduced and recharge

area has increased, foreshadow decreased groundwater availability

 In future climate states where flow is both shifted from spring to winter

months, and excess flow is present in the spring 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

https:/ /www.youtube.com/watch?v=hlu4isAVUNA

Further 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

Look from a purely financial approach
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Methods

154

155 AR IWater Balance SimulationiHHEHEHEHHFRRHERERH
| 156 ##HThe water balance simulation will allow us to look at what will happen to Millerton Lake, and the # 1 moving flow from Apri[—_}u[y to Oct-March
157 #HHtfor irrigation water, under the different conditions specified in the millerton_df inflow files.
158 #Htstreamflow conditions downstream, we will have to calculate different values for environmental re
159 #Htfrom the lake, and then irrigation deliveries. What we ultimately want is to look at one particy percentDecreasel =0
160 ###and figure out how much irrigation water they will receive, how much groundwater pumping their fa pe rcentDecrease? = 0
161 ###they will be able to do. To begin with, we 'initialize a few variables: . . . . .
162 irrigationDeliveriesDE = @ # this is the variable we will use to keep track of how much water is de for realization in range(@, numRealizations):
163 gwPumpingDE = @ # this is the variable we will use to keep track of how much groundwater is pumped percentDecreasel +=1
164 totalRechargeDE = @ # this is the variable we will use to keep track of how much recharge is done b if pe rcentDecreasel ==
b 165 prevDeliveries = @
® Deterl I Ilnes balance 166 yearCounter = @ # we are concerned with these numbers on an annual basis, so we need a variable to percentDecreasel = 0
‘ N ’ ater . . . 16; #HHHWe also need to initialize some vectors to store the annual totals percentDecrease2 += 1

16 .

Of lrrlgatlon UU ater, 169 millertonStorage[@] [realization] = millertonCapacity for yearNum in range(@l numYearsTot):
170 rechargePondStorage[@] [realization] = 0.0 for monthNum in range(0, 12):
171 : .

B al n groundwater N if monthNum < 6: o

173 ##iWe first need to identify where we are in the year to determine what kind of action needs to syntheticMonthlyInflow[monthNum + (yearNum - 1) x 12] [realization] = monthlyFlows[(yearNum - 1) x 12 + monthNum]

I‘echarge and 174 ###index.dayof);ear is used to access the part of the dataframe that keeps track of the date. Be elif monthNum < 10:
175 ###which day of the year (1-365) corresponds to each point in the timeseries (thats what the pa . -
i it gt i Mg e g e ﬂowShlft = (monthlyFlows [(yearNum — 1) x 12 + monthNum] *_perc_:ent[)ecreasel * .2) _

O e groundwa‘ter 177 monthnumber = int(millerton_df.index.month[ syntheticMonthlyInflow[monthNum + (yearNum — 1) x 12] [realization] = monthlyFlows[(yearNum - 1) % 12 + monthNum] - flowShift
178 t]) # similarly, index.month returns the month associated with the curren syntheticMonthlyInflow[(yearNum - 1) * 12][realization] += flowShift /5
b b 179 . . . .
pul I Iplng that ‘A} 1]_]_ be 180 #itiwe want to convert this dayoftheyear to a 'water year', which is used because it better track synthet}cMonthlyInﬂow[(yearNum - 1) % 12 + 1] [real:!-zat:!-on] += flOWSh:!-ft /5
i 181 ###Septf3@th of the {cl)llowing year.1 To do ?tcf;is we v{ill us::: an ‘if" stateﬂint. syntheticMonthlyInflow[(yearNum — 1) *x 12 + 2] [realization] += flowShift / 5

182 #HH#An 1f statement allows us to evaluate different lines of code under different circumstances. : : : — :

a_va].].ab].e 183 #H#The statement immediately follow 'iIf' determines what we do. If it is true (if daynumber is synthEt]_'CMonthlyInflow[(yearNum 1) * 12 + 3] [real}zat:_mn] += flOWSh]_'ft /5
184 ###we evaluate the indented code immediately following the 'if' line (i.e., subtract 274 so that| syntheticMonthlyInflow[(yearNum — 1) * 12 + 4] [realization] += flowShift / 5
185 #Htif it is false (i.e., daynumber is less than 274, or Jan-September), then we add 91 to that i syntheticMonthlyInflow[(yearNum — 1) *x 12 + 5] [realization] += flowShift / 5
186 ###tafter October — December else:
187 if daynumber >= 274: - . . .
188 dowy = daynumber — 274 ##d.0.w.y. stands for 'day of water year' syntheticMonthlyInflow[monthNum + (yearNum — 1) % 12] [realization] = monthlyFlows[(yearNum — 1) * 12 + monthNum]

else:

# 2: moving from June-July to April-May.
if monthNum ==

Fig. 1: Creating the Water Balance Model, considering irrigation deliveries, flowShift = (syntheticMonthlyInflow[(yearNum - 1) % 12 + 8] [realization] x percentDecrease2 x .25)
( : t groundwater pumping, groundwater recharge, environmental releases and spillage syntheticMonthlyInflow[(yearNum — 1) * 12 + 8] [realization] —-= flowShift
rea e syntheticMonthlyInflow[(yearNum — 1) x 12 + 7] [realization] += flowShift

/ 2
syntheticMonthlyInflow[(yearNum — 1) x 12 + 6] [realization] += flowShift / 2

Synthetic i ramiin 5

. b T flowShift = (syntheticMonthlyInflow[(yearNum - 1) * 12 + 9] [realization] * percentDecrease2 * .25)
Streamflow * Apply state variables shifting water cymthotichonthtyIntlowl (yearkum — 1) x 13 & 8] [reatization] —< FlovShift
print(flowShift)

ﬂOW eal'liel' and morce dense]-y to syntheticMonthlyInflow[(yearNum — 1) % 12 + 7] [realization] += flowShift

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

~ N
NN

Data mimic potential climate change

SCENarios Fig. 2: Creating a synthetic streamflow time series for the Millerton Dam, shifting flow from April-July to October-March and from
June-July to April-May simultaneously in different amounts to evaluate potential scenarios that consider climate change patterns

##H#Each week, we calculate the daily total delivery from Millerton Lake (to all irrigation districts), and the groundwa
#HHGroundwater pumping occurs when the deilveries from Millerton Lake are less than the total irrigation requirement of
gwPumpingDE += dailyIrrDemandDE - dailyDEdelivery

. =02 =
Input ([ ConSIder OUtﬂOWS for #HHwe also want to keep track of the annual irrigation deliveries to Delano-Earlimart o MID Ol’{)d ecC rease, RPA -4

|
irrigationDeliveriesDE += dailyDEdelivery
o 3 o ##HThe total irrigation deliveries from Millerton Lake (to all irrigation districts, not just Delano Earlimart are depe — Mo —
/ L I { d Mlllerton Da_l I l 9 lnC]_udlng dainTotaIDellivef"y :lkaggD;?LIivclerySchedulé [monthnumber — 1] * tclJtaiWatérAvalilabie /'dayslmonth[monthnumbér - 1] | ! MID—O/Gd EC rea SE, RPA—.B
ea a eS an b #HHIThis 1s the water balance on Millerton Lake, using the storage in the reservoir from the previous timestep, plus in
g enVIronmental releases’ millerionétorageh[/t] [realization] :lmillertonSto,ra;el[t - 1] [realizatlion] + mille:t;nlnﬂows[ e it | | MID=0%d EC FEEISE, RPA=4

t - 1] - minimumRelease — dailyTotalDelivery — millertonEvap[t]

Il’leCtiOl’lS flood control regulations, b mittertonstoragerel

realization] < millertonDeadStorage: # total storage cannot go below the 'dead' storage at Millerton Lake

irrigation, reCharge pond dailyTotalDelivery —= (millertonDeadStorage - millertonStoragel[t] [realization])

dailyDEdelivery —= (millertonDeadStorage — millertonStorage[t] [

.| 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

o realization]) * deClA / totalClA # reduce the DE delivery based on their proportion of the total class 1 alloc
Storage and Splllage millertonStoragel[t] [realization] = millertonDeadStorage
if dailyTotalDelivery < @:
dailyTotalDelivery = 0
if dailyDEdelivery < 0:
dailyDEdelivery = @
#HH#Groundwater pumping occurs when the deilveries from Millerton Lake are less than the total irrigation requir
gwPumpingDE += dailyIrrDemandDE - dailyDEdelivery
##Hwe also want to keep track of the annual irrigation deliveries to Delano-Earlimart (and total deliveries from Miller
irrigationDeliveriesDE += dailyDEdelivery
prevDeliveries += dailyTotalDelivery
#HHIATter the water balance occurs, we must check to see if we need to 'spill' water (either b/c it is above the total s
#Htduring flood season to be able to 'catch' water from floods that may occur with little notice)
if millertonStorage[t] [realization] > (

() difference between millertonCapacity - minFloodSpace): ##capacity is set on line 48, and the floodspace is calculated in lines 156-16
millertonSpillage = millertonStorage(t] [realization] - (

millertonCapacity — minFloodSpace) ##spillage is any water that is over this limit (capacity-floodspace)

vV v vV vy vV Yy VY Y YV

> Calculate Net
Groundwater
Withdrawals and groundwater

groundwater pumping millertonStorage[t] [realization] -= millertonSpillage Fig. 4: Imbedding the synthetic streamflow data into the

else:
millertonSpillage = @

Water Balance Model, then calculating net groundwater
changes for different variations of Irrigation demand, and
recharge pond area size combinations

reCharge Fig. 3: Taking into account outflow and inflow quantities that contribute to
changing surface water levels at the Millerton Dam and inputting these
calculations within the Water Balance Model

r

Modeling Climate Change’s Effect on Net Groundwater Withdrawals

« The potential effects of climate show two possible effects
« 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

20 unique synthetic hydrologic scenarios were generated by combining different magnitudes of each state variable combination, to determine their effects on average NGW

Modeling SGMA’s Effect on Net Groundwater Withdrawals

« SGMA objectives must be met, and thus the most likely situation of this being possible would be when groundwater changes are lower (from reducing irrigation demands and increasing recharge
pond area)
e Look at the different combinations of monthly irrigation demand reduction and changes in recharge area availability to observe changes in average NGW

« Compare base case of data with reduced demands with most extreme climate-informed scenarios with reduced demands would demonstrate the greatest range of NGW values.

REJE
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State Variable 1

Figure 5 Average NGW for 20 different climate scenarios (each denoted by one bar). Figure 6 Average NGW for 20 different climate scenarios (each denoted by one bar).
Increasing values of state variable 1 indicate increasing water flow shifts from spring Increasing values of state variable 1 indicate increasing water flow shifts from spring to
to winter, while increasing series of state variable 2 indicate earlier flow of snowpack winter. The recharge pond area size is increased 10 fold, while irrigation demands are

from summer to late spring months. reduced by 30% in this simulation.

Average Net Groundwater Change

« Showed greater groundwater 101.8363331
79.01832147

120

withdrawals (increased by

approximately 29%) when the most )

60

40

extreme climate state is applied

20

Volume (in thousands acre-feet)

Climate Scenario

Figure 7: Climate Scenario 1 illustrates simulated average net groundwater withdrawals when recharge area= 0.4 thousand acres, no climate change accounted for, and with a 30% reduction in monthly
irrigation demands. Climate scenario 2 illustrates simulated average net groundwater withdrawals when recharge area= 0.4 thousand acres under the most extreme climate state, and with a 30% reduction in
monthly irrigation demands.
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