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Review of Verde MIKE 
SHE Development
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Northern Arizona Groundwater
Flow Model (NARGFM)USGS Published NARGFM in 2011

 First model of entire Verde Basin
 Covered all of N. AZ
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NARGFM- Groundbreaking Effort by 
USGS
STRENGTHS:
 interbasin flows
 major rivers
 pre-development to 2006
 time-varying recharge
 regional aquifers
 familiar MODFLOW code

WEAKNESSES:
 lumped approach to Verde Valley ET
 external, uncalibrated recharge 
estimates varied over multi-decadal 
periods
 multi-year time-steps
 simplified 3-layer representation of 
highly complex geology
 lack of explicit faulting
 no surface runoff
 1-km grid scale
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Why did YAN Choose MIKE SHE?
• Explicit simulation and calibration 
of recharge from hourly 
precipitation, temperature, and 
reference ET values

• Explicit simulation of Verde Valley 
irrigation and robust ET calculation

• Desire to better understand the 
complex hydrologic connection 
between the Upper and Middle 
Verde Basin areas

• Full surface water- groundwater 
interaction with TOTAL streamflow

• Ability to test subsurface hydrologic 
characterization in integrated 
hydrologic space

• ET calibration 

• Snow pack calibration

• Climate predictions
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Regional Verde Basin MIKESHE – 1 km grid

NARGFM

MIKESHE
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MIKESHE Model

● Green and Ampt

NARGFM Groundwater 
Model

Represents Entire Hydrologic Cycle
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NARGFM Hydraulic Property 
Distribution

Discontinuous layers
Hydraulic property distributions

 Not directly tied to hydrostratigraphy
 Anisotropy vs Faults

Discontinuous layer 1
in Verde Valley

NARGFM Kh Distribution

Lay1

Lay2

Lay3

Pool, D.R., Blasch, K.W., Callegary, J.B., Leake, S.A., and Graser, L.F., 2011, Regional groundwater-flow 
model of the Redwall-Muav, Coconino, and alluvial basin aquifer systems of northern and central 
Arizona: U.S. Geological Survey Scientific Investigations Report 2010-5180, v. 1.1, 101 p.
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MIKESHE Regional Model Calibration Issues 
Related to NARGFM Subsurface 

• Springs not emerging correctly
• Some areas have strongly biased groundwater levels (too high or too 

low)
• Some stream baseflows hard to match

Diagnosis: MIKESHE needs a revised subsurface to improve simulation of 
springs and internal flows
  FULL VERDE BASIN GEOLOGIC MODEL 

REQUIRED
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Hydrogeologic Representation

NARGFM 3-Layer Description Published section with more detail in hydrostratigraphic layers

NARGFM: Top 2 layers discontinuous across 
model

Verde Valley

MIKESHE model 
needs more layers to 

improve internal 
flows and spring flows 

and locations
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EarthVision® Geologic 
Model

Provided stratigraphic framework
for new MIKE SHE subsurface 
configuration

Graphic courtesy of Todd Kincaid
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Bills, Flynn & Monroe (2007)

Blasch, et al 
(2006)

Lindberg

Owens-Joyce & Bell (1983)

Bills, et al (2000)

Published Geologic Cross-Sections

Camp Verde

Flagstaff
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Deep Borehole Logs Sources:
AZGCC Oil & Gas Wells
ADWR Wells-55
D.R. Pool
AZGS Geothermal Well Database

Camp Verde

Flagstaff
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Geologic Maps
DeWitt
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Next Generation Verde 
MIKE SHE Model
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New Features of Regional MIKE SHE
 9 model layers corresponding to 8 hydrologic units plus Precambrian basement
 > Redwall Limestone and Coconino/Kaibab specified 
 Extensive faulting
 Grid refinement (1000 m --> 400 m)
 Dynamic snowpack/snow melt calibration improvements
 Updated pumping and incidental/artificial recharge through 2024
 Prescott Reservoir structures and operations
 Big Chino groundwater irrigation
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L9

L8

L7

L6

L5

L4

L3

L2

L1

MIKE SHE 
Model 
Layers

Tertiary/Quaternary Seds

Tertiary Verde Fm. (only in VV)

Tertiary Volcanics

Pennsylvanian Undiff.

Permian Coconino-Kaibab 

Mississipian Redwall

Cambrian-Devonian

Pre-Cambrian

Model Base
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MIKE SHE Faulting
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1 km 

1 
km

 

400 m

40
0 

m

New MIKE SHE Grid Refinement

400 x 400 m cells
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Initial Test of New 
Model Layering
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Initial Simulations with Verde Valley Model 
Showed Good Calibration to Major Streams
Some tributaries difficult to match baseflows
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Stream Discharge – Verde River near Camp Verde (09506000)

Calibration very good.
Correlation R  ~97%

Peak flows, ascension & recession 
response reproduced well.

Baseflows  function of 
cumulative irrigation,  consumptive 
AG loss, Kh

Open circles = observed
Line = simulated
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Stream Discharge – Oak Creek near Cornville (09504500)

• Flows reproduced 
well

• Correlation R ~97%
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Stream Discharge – Beaver Creek near Montezuma Lake



La
ch

er
 H

yd
ro

lo
gi

ca
l C

on
su

lti
ng

La
ch

er
 H

yd
ro

lo
gi

ca
l C

on
su

lti
ng

New Geologic Layering Shows Immediate
Improvement in Baseflows

-- even in tributaries 



La
ch

er
 H

yd
ro

lo
gi

ca
l C

on
su

lti
ng

Original MIKE SHE - NARGFM

West Clear Creek

9-Layer MSHE – New Geologic 
Model

Lack of more detailed hydrostratigraphy and faulting  impossible to 
simulate baseflow and event-level runoff response

West Clear Creek



La
ch

er
 H

yd
ro

lo
gi

ca
l C

on
su

lti
ng

West Clear Creek

Verde River Near Camp Verde

Verde River Near Camp Verde

Original MIKE SHE - NARGFM

9-Layer MSHE – New Geologic Model

Initial runs with new Geologic Model  baseflows at key gages reproduced very 
well.  Event-level performance needed refinement>> Snowpack/Snowmelt.
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9-Layer MSHE – New Geologic Model, with Frozen Soils
Individual events captured well.  

Deviations associated with errors  
related to NLDAS-2 climate inputs

Baseflow simulated well now – with multi-aquifer unit definition

West Clear Creek

West Clear Creek
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9-Layer MSHE – New Geologic Model, with Frozen Soils

Verde River Near Camp Verde

Verde River Near Camp Verde
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Latest Simulations  9-Layer MSHE – New Geologic Model, with Frozen Soils and Revised Snowpack/melt (slope, 
aspect) and time-varying Native Vegetation Crop Coefficients

Improved calibration at event level and baseflow  needs further input 
refinement.
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Importance of Snowpack/Melt
Verde surface-subsurface (integrated) 
hydrology  dominated by snowmelt

Snowpack and melt dynamics  
complex and depend on many factors.  

Calibration of snowpack/melt  
essential and must be done prior to 
calibrating all other parameters

Permits simulation of shifts in future 
snowpack and melt due to climate 
change
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Snow Datasets

Many snow products – we chose 3:
SWE (snow water equivalent) observation station data (mm)

- SNOTEL and CoCoRahs stations

MODIS estimated Snow Cover (% of cell area covered by snow)
- NASA product; 500-m, daily

SWANN estimated SWE (mm) 
- UA “Snowview” simulated product; 800m, daily, based on PRISM climate data, observ. Data, 
terrain, forest cover
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MODIS: cloud cover = data gaps

Example 4 days 
in Jan 2009
• White = missing data 

for the day
• Color = % snow cover 

data
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MODIS vs observed SWE
MODIS melt timing 
is close 
to SWE station

MODIS melt timing 
is a month earlier 
than SWE station

Mixed results in terms of 
capturing the melt timing 
vs SWE observations 
across different sites and 
years… use with caution

(note: point data vs 500m 
cell)
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Comparison of MODIS snow cover and MIKESHE 
Output – January 1, 2009 MSHE model predicts snow where the MODIS data 

says it is not present  adjust snowmelt 
parameters & lapse rates in MIKE SHE



La
ch

er
 H

yd
ro

lo
gi

ca
l C

on
su

lti
ng

NLDAS-2 Weather 
Data:

 Hourly Tair, P, RefET
 Full CONUS

Spatial Scale of NLDAS2 
Weather Data Inputs 
Affects Snowpack 
Calibration

 One NLDAS cell may span 
several thousand feet in 
elevation

 Requires correction for 
temperature and precip lapse 
rates

NLDAS2 Cells
~ 11 x 13 Km 

Merged cells
on boundary
boundary
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Verde MIKE SHE will be among first BETA Testers for NLDAS -3!

 Significant corrections for spurious precipitation values
 Corrections along borders of coverage area

https://www.earthdata.nasa.gov/dashboard/stories/nldas
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Pumping Update
Through 2024
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• > 30,000 active pumping wells
• Other wells – gw monitoring, 

geothermal investigation, etc.
• Data sources:

• ADWR
• Wells-35
• Wells-55
• Comm. Water Syst.
• Prescott AMA

• NWIS
• GWSI
• Individual communities
• CA1 Group
• Reports & Studies

Verde Basin Wells
2006-2024
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Yavapai County is nearly 100% GW 
Dependent for Drinking Water

https://usafacts.org/data/topics/people-society/population-and-demographics/our-changing-population/state/arizona/county/yavapai-
county/?endDate=2022-01-01&startDate=2010-01-01#population-change-by-year

NARGFM
Pumping

2006
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240,000

230,000

220,000

200,000

Yavapai 
Co. Pop.

Pumping and Population Growth Have Decoupled
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Prescott 
Reservoirs
• Affect downstream flows
• Influence groundwater 

recharge
• Seepage below reservoir
• Managed recharge near 

airport
• Likely influence Del Rio 

Springs

https://www.google.com/search?client=firefox-b-1-d&q=watson+lake+prescott

https://livingnewdeal.org/sites/willow-lake-prescott-az/#lg=1&slide=0

Watson Lake

Willow Creek Dam

MIKE SHE incorporates:
- Measured inflows
- Dam details
- Operations
- Stage-storage-surface area curve

Calibration to:
- Measured stage
- Measured outflows

Simulated OUTFLOWS,  
SEEPAGE, and ET depend 

on accurate reservoir 
construction and 

operations
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Big Chino Irrigation
2021 Crop Surveys by SRP’s Big Chino Sub-basin 
Water Monitoring Project

Groundwater-based

Time-varying imagery

Hourly weather data

Simulated soil moisture

Simulated crop water demand 
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2002 2012 2021 2024

Williamson Valley Irrigation

2021 Crop Survey
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MIKE SHE CROP IRRIGATION
1. Crop command area defined for unique crop type and irrigation water source

2. Crop parameters (eg, crop type, rooting depth, crop coefficient, crop stress factor)

3. Water source (eg, stream, ditch, groundwater) 

4. Hourly weather (Tair, Precip, ReferenceET) from NLDAS combined with crop 
parameters and simulated soil moisture determines crop stress 

CROP STRESS (%RefET) –> Triggers WATER APPLIED TO SATISFY CROP DEMAND (Qirrig)
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MIKE SHE Groundwater Irrigation Example
Site-specific pumping 

despite lack of reported 
pumping data 

Irrigation Command 
Center

Crop 
Water 

Demand

Qirrig

Irrigation well specs
from ADWR Database

Aquifer assigned based on 
well depth and model layers

400x400 m cell
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Verde Valley MIKE SHE
High-resolution (100-m grid) and 
directly compatible with new 
Regional MIKE SHE
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Verde Regional and Verde Valley-Oak Creek MIKE SHE models
• Stream inflows to VVOC model 

supplied by USGS gaging stations 
(red arrows)

• Regional model provides daily 
changes in groundwater level 
along entire VVOC model 
boundary for all 8 model layers.

Clarkdale Gage

Oak Creek Gage

Wet Beaver Creek Gage

West Clear Creek Gage

Dry Beaver Creek Gage

Regional model

Local VVOC model

For high-resolution modeling of water 
management actions for YAN and other Verde 

Valley Communities
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Local 3D Lithologic 
Model 
(Verde Valley Area)

Verde 
Formation 
(3 layers)

Volcanics-Basalt

Coconino 
Sandstone

Pennsylvannian 
and Permian

Redwall

Devonian and 
Cambrian

Alluvium

8 Layers:
Quaternary/Tertiary:

1. Alluvium plus Upper Verde 
2. Middle Verde
3. Lower Verde

4. Tertiary Volcanics/Basalt
5. Permian Coconino Sandstone
6. Pennsylvanian-Permian (Supai/Hermit)
7. Mississippian Redwall Formation
8. Devonian Martin-Cambrian.
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Thousands of Wells Studied in Verde Valley
Most pump
From Verde
Formation
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Lithology

Sands

Gravels

Clays

Limest

Sandst

Volx

W. Bdrk

Borehole Lithology and Groundwater Table – Upper Model Area

Mostly unsaturated 
below uppermost thin 
permeable units

Cottonwood

Cornville

Clarkdale

Yellow/orange = more permeable
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Well logs show what types of rock are producing 
water within the Verde Formation

Helps Determine If Pumping Affects the River
(Subflow Zone)

Ve
rd

e 
Ri

ve
r

COTTONWOOD SECTION

Cross-sections Reveal Areas of Potential 
Connection to Verde River Flows 
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VERDE VALLEY NW SECTION
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OAK CREEK SECTION
Oak Creek Section
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More Limestone

More Clay

More Clay

More Sandstone

Lithologic Trends Across Verde Valley
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3D Lithologic Model with Bedrock Surface and Logs
Rock types obtained from thousands of drillers’ logs
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BOREHOLE LOGS INTERPOLATED TO 3D SURFACES
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MIKE SHE Model Applications
 Water Management Alternatives Analysis

 Irrigation improvements
 Flood-control projects
 Recharge projects

 Water Supply Studies
 Water budgets 
 Future demand analysis 
 Groundwater sustainability (AWS)

 Water Resources Development Planning
 Avoiding well interference
 Mitigating impacts to streams, springs, and rivers
 Impacts of increased impervious area with development

 Future Climate Effects
 Soil-moisture deficits/increase crop demand
 Effects of changing snow pack (amount, timing, duration)
 Changing flood regime
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 Permit analysis of human-caused and natural changes to Verde Basin 
hydrologic system
Shared and open development process invites parties to contribute and 
share in use
Underlying geologic models may be useful for other models.

In closing….
The Verde Basin and Verde Valley-Oak 
Creek MIKE SHE Models:
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Thank you!

LLacher1@msn.com
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