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The results presented today are preliminary
and for discussion purposes only.

Please do not use or reproduce this information
without permission from The Nature Conservancy
and Yavapai-Apache Nation.
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@ Lacher Hydrological Consulting

MODEL: A Description or Analogy Used to Help Visualize
Something that Cannot be Directly Observed.

-- Merriam-Webster Dictionary definition no. 11
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HYDROLOGIC MODEL: A Computer Program that
Uses Flow Equations to Make Sense of
a Complex Natural System.

Numerical Model

INPUT Evaporation OUTPUT
Observed Predicted
Weather, Groundwater
Streamflow, levels,
Pumping, ‘ Stream flow,
Diversion rules, St;iann;fsf& Evaporative
Vegetation, consumption,
Aquifer properties, Water balance
TAanac

o, CAile
rOpuUgTrapity, oursS

Flow Equations

INTESRATED HYDRD SYSTEMS, LLC



MIKESHE Mode

Evapotranspiration
o SVAT
« Kristensen and Jensen

o 2-Layer Water Balance

Snow melt
+ Degree-day

Weather
inputs
drive
model

mRaln & Snow

W

Represents Entire Hydrologic Cycle

melting

Overland Flow
« 2D Finite Difference - Diffusive Wave

o Semi-distributed

* No-routing
* Muskingum
+ Muskingum-Cunge

Channel Flow
1D St Venant Equations:
« Kinematic wave approx.
+ Diffusive wave approx.
« Fully dynamic

» Higher-order fully dynamic
Flow Routing:

v
Unsatu Zo

« 1D Finite Difference:
+ Richards Equation
+ Gravity Flow
« 2-Layer Water Balance
» Net Recharge (e.g. DAISY) |

Sewer Flow

(MOUSE)

TT o Green and Ampt
i i N7 S
Groundwater Flow

« 3D Finite Difference - Darcy Flow
¢ Lumped, Conceptual - Linear Reservoir

@ Lacher Hydrological Consulting

E 11

THE HYDROLOGIC CYCLE

Water
Stressors:

pumping, .
climate, = —
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How are Water

Conservation
Conservation Measure Model Representation
an d Wa te r Reclaimed water reuse Less groundwater pumping; less reclaimed water recharge
St ress Low-water plumbing fixtures |Less groundwater pumping //Recharge i
. Rainwater harvesting Less groundwater pumping infiltrated water
Represen In |
e p SHIS t ed Recharge well or basin Increased groundwater recharge \ that makes it to
aquifer
t h e M Od e I ? Xeriscape landscaping Less groundwater pumping \q
Stormwater catchments Increased groundwater recharge; decreased storm runoff

Water Stressor:
action that
depletes water in
natural system

e
. . . %
Evapotranspiration = water used by plants + evaporation e
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Six Model Scenarios in 3
Categories

Scenario Category

Scenario Name and Number

Population/Water-use Growth

Reduced Verde Flows

Climate Change

Growth (#1)

Moderate Climate Change (43)

Growth with Conservation (#2)

Higher Growth (#4)

System Water Stress
T vecior

NTEGRATED HYDRO SYSTEMS, LLC
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Population Growth Scenarios

Assumptions:

Water use grows at same rate as population for 20 years

Water use patterns remain constant over time (no change in
farms or golf courses)

No change in climate or other external stresses

Future pumping and recharge occur at existing wells and
recharge sites

Scenarios:

1. Growth (1% per year)

2. Growth with Conservation (0.8% per year)
4. Higher Growth Rate (3% per year)

itk
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Population Growth Scenarios

25000

20000

15000

Pumping (acre-feet per year)

PRI S——

—8— 3% Growth

Verde Valley Simulated Pumping (2020-2039)
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_ 78,000 acre-feet
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20001
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Simulated Groundwater Level Change Over 20 Years with 3% Annual Growth Rate

Higher Growth Rate may
significantly intensify
groundwater declines in
local areas
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Simulated Verde River Flow near Camp Verde — Baseline and Higher Growth Scenario

(#4)

1200

Average Annual Discharge - Verde River near Camp Verde (model outlet)

1000

Even at Higher Growth Rate (3% per
year), pumping has very small impact

/ \ on Verde River below Camp Verde

G600

400

200

Flow at Verde R. nr Camp Verde (cubic-feet per second)

2000

2002

2004

2008 2008 2010 2012 2014 2016 2018

—=\/erde_CV_3pctGrowth -o-Verde_CV_Baseline
Scenario #4

2020




Key Conclusions: Population Growth Scenarios (1,2 and 4)

 Over 20 years, Conservation Growth (0.8% per year) would save nearly 80,000
acre-feet of groundwater compared to 3% growth and about 7,000 acre-feet of
groundwater compared to 1% growth rate.

e Pumping impacts are near pumping centers and more significant in deeper
aquifer layer where larger wells are located.

 Higher growth rate (3% per year) lowers groundwater levels by over 20 meters
(66 ft) in areas with concentrated pumping over 20-year period; effects are
most pronounced upstream of Oak Creek confluence.

* Faulting may help shield river from some pumping impacts.
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Reduced Verde River Flow
Scenario

Assumptions:

* Verde River flow measured at Clarkdale
Gage is reduced where it enters model area

* No other changes in model from baseline

Scenario 5:

e 50% reduction in Verde River flows at Clarkdale
Gage over 20 years

".—
%
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A_ . headelevationinsaturatedzone = - s .
™ Clarkdale Gage | Simulated Groundwater Impacts

e Shallowest Model Layer

= Scenario 5
C Model Layer 1

& Reduced Verde Flows (50% Reduction in
3 | Clarkdale Gage Flow) 2000-2020

s )

| Groundwater Results:

| Small (< 1 m; 3.3 ft),
localized/compartmentalized groundwater
| declines near Verde River

Clarkdale/
.Cottonwood
Area

« Verde Formation has areas of “tight” materials
(e.g., clay and unfractured limestone)

« faulting parallel to river helps restrict groundwater

declines from spreading far

-~ —— Less water in river means:
~ m%ﬁ > More groundwater discharging to river.
o oou > Riparian plants consume more groundwater.
oo s > Riparian zone more vulnerable to pumping.

‘ 000 - 0 0040
00500 - 00100

01000 . 00500
02500 - 01000
10000 - .0 2400
Belom 10000
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Simulated Verde River Flow near Camp Verde
Baseline, Higher Growth (#4), and Reduced Verde Flow at Clarkdale Gage (#5)

Average Annual Discharge - Verde River near Camp Verde (model outlet)
1200
. 50% reduction in Verde flow at Clarkdale Gage
: has more significant effect on downstream
5 800 flows than any pumping scenario
E 00
2 ; \
= S 400 - '
o = y [,
(@] z LY LY
E? 200 B e -. . ; g
g 13 — 23% reduction in simulated flows
>
z . | | | |
%% 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
©
@ Verde_CV_50%Clarkdale —W\erde_CV_3pctGrowth -o-\Verde_CV_Baseline
Scenario #5 Scenario #4

2020
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Key Conclusions: 50% Reduced Verde Flow at Clarkdale
Gage (Scenario 5)

 Groundwater impacts are small and localized near river above confluence with
Oak Creek

e 13-23% reductions in annual flows on the Verde River below Camp Verde
(model outlet); Oak Creek significantly mitigates downstream impacts.

e Effects on streamflow are much more significant than in any of the pumping
scenarios.

(i
@ Lacher Hydrological Consulting



Climate Change Scenarios

Assumptions:

* Model inputs to temperature, precipitation and reference ET are derived from
downscaled IPCC Global Climate Change Models (GCMs) for local Verde area in
20-year increments from 2020 to 2099.

* No other changes in model conditions from baseline.

Scenarios:
3. Moderate climate change (2090, RCP4.5 emissions scenario)
6. Hotter and drier climate (2070, RCP8.5 emissions scenario)
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Average Annual Change in Predicted Precipitation and Temperature from GCMs
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Projected ANMUAL AVERAGE changes in precipitation
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Monthly Precipitation Trends in Verde Valley

o
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Average MONTHLY Change in Predicted Precipitation from GCMs

2030 % Change in Precip from Baseline (2010) 2050 %Change in Precip from Baseline (2010)
Avg of 5 GCMs for Verde Basin Avg of 5 GCMs for Verde Basin
a0% +37% 0% +37% +31%
0% 0
20% 0%
Small 10% 10% I I
. . 0% - I II - II I' l - l W RCP4S 0% I I l J l I I B RCP4S
increases in - | — 0% | I ancres
.20% -20%
wet months . o

1 2 3 4 5 & 7 B 9 10 11 12
can be more ot
significant
than large

. 2070 %Change in Precip from Baseline (2010) 2090 % Change in Precip from Baseline (2010)
decreases in Avg of 5 GCMs for Verde Avg of 5 GCMs for Verde
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Scenario 3 — 2090, RCP4.5 Scenario 6 — 2070, RCP8.5

Historic and RCP4.5 Predicted Precipitation - Jerome, AZ

Historic and RCP&.5 Predicted Precipitation - Jerome, AZ

Mostly

Mostly Drier
Wetter

Much
ANetter

Inch

In both scenarios, the wettest months get wetter!
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Change in Flow (ac-ftfyr) - at Gage Locations

= Results: Verde River Flow Impacts
so0000 | RCP4.5 — 2090 (Moderate Climate)

Scenario #3

—=—=="”H—\~
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Flow Differance from Baseline (ac-ftfyr) - at Gage Locations

RCP8.5 — 2070 (Hotter, Drier)
Scenario #6
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head elevation n saturated 20m REV

Scenario 3: Climate
Change Effects on

Groundwater Levels
Layer 2 (Middle Verde Fm.)

* Emissions scenario RCP 4.5

* Bright colors indicate larger INCREASE in
groundwater levels due to climate
change

* Changes in this deeper layer are not
moderated by direct stream-aquifer
interaction (as in Layer 1).

This Climate Change
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Key Conclusions: Climate Change
(Scenarios 3 and 6)

Moderate Climate Change (#3) significantly increases groundwater and surface
water flows into and within the Verde Valley due to increased rain in wettest
months

Scenario #3 has far greater impact on Verde River flows than changes in
pumping in scenarios #1 & #2.

Hotter and drier climate (#6) may still increase runoff in wettest months.
Flooding and erosion could be exacerbated by Climate Change.

Increased deep groundwater inflows from Mogollon Rim may result from faster
melting of snowpack.

NTEGRATED HYDRD SYSTEMS



Summary of Results

e AvgAnnual Change in Verde
Scenario Description (20-year | % Change in Leakage FROM Change inActud ET
s Name dmulations) st 70 Aquifer ﬁvuam:,\:;ﬂeeage(ae Change in Groundwater Levels (AT

1% annual growth in lm&:“ggg:;

1 Growth pop.ua;dig‘(:]u;:\;aler 0% Negligible mm QJIIM"P. and 0%
Rimrock
Growh wih 0.8% annual growth in Lesser declines (by ~0.1-0.5m;
2 : fon goundwater use from 0% Negligible 0.33-1.6 f) in pumping centers 0%
2019 than Scenario 1

Qimate em' a &dl losn's' d'm'mde':':or Up 10 10-mincrease in some

3 Change 2080209 period; 2000- -19% areas, esdallyin the deeper parts 9%
(moderate) 2019 population of Verde Formafion aquifer.
Broad area of groundwater
3% annual growth in decline above Verde-Oak Or i
4 [HeRe goundwaler use i 2 confluence with maxiumum:> 20 1%
m(66f)
. Less than 0.5m (1.6 f{) dedine
5 v:e::ge:w ?:e:e::’ é ;?: dl;:erde -2% -16% mosty limited 1o areas near Verde 0%
%9 River above the Oak Or confluence
RCP&S - high
Qimate
emissions dimate for ey
6 0’2‘3" ry)(hot 2070-2089 pesiod; 2000- ik Negigible e
2019 population

Blue=more water from
streams fo aquifer

Blue=more streamflow

Blue=rising gwlevels

Hue =more ET
consumption

More pumping induces
more leakage from

streams to aquifer.
=) Riparian areas more
vulnerable to pumping

Climate change increases
runoff in wettest months

and deep recharge from

less frozen soils in high
country.

mm) |ncreased flooding and

erosion risk.

Reduced Verde River
flows at Clarkdale are
mitigated by Oak Creek

and other tributaries.
=) |mportant to protect all
streams from pumping

impacts.
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_ nreartre, o will overlap and
m— compound. S

 We don’t know exactly how things will change in the future
_but starting to plan now will increase resiliency.
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