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Future Climate Scenarios

Annual anthropogenic CO, emissions
200 I |

Worse: Based on RCP 8.5 DD data Erg;s;igns Scenarios
Dynamically Downscaled (DD): WRF '

RCP 4.5
Weather Research and Forecasting Model
(https://www.mmm.ucar.edu/weather-research-and-
forecasting-model)

100

o

Annual emissions (GtCO,/yr)

—— Historical RCP scenarios:

emissions —— RCP85

Best: Based on RCP 4.5 SD data — Repe

RCP4.5
— RCP2.6

Statistically Downscaled (SD): LOCA

Localized Constructed Analogs (http://loca.ucsd.edu/) ver
DD not available for RCP 4.5 {RCP = Representative Concentration Pathways}

From CMIP5 climate model intercomparison




LOCA Best Practices
and Limitations

For more information on the
ensemble of LOCA projections
and analysis over the LSCR

basin, see the draft report titled:

Lower Santa Cruz River Basin
Study LOCA-derived
Hydroclimate Assessment.

RECLAMATION

LOCA developers and user-community do not
recommend using single projections for analysis.

LOCA does not reflect the physics of the atmospheric
patterns in the same way that dynamical downscaling
does. Selecting a GCM that is well performing for a
region does not guarantee that the processes for which
It was selected are retained.

Here, larger monsoon season precipitation events are
not well represented in the LOCA MPI projections,
while other projections may better reflect the magnitude
of monsoon precipitation.

The weather generator was built around a models
ability to capture these seasonal and synoptic events.



HISTORICAL
Daily Precipitation

Best: Based on SD data
Worse: Based on DD data

*Note the importance of
comparing within the same
dataset.
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RECLAMATION

Future Climate — Analysis Periods

Annual anthropogenic CO, emissions

:1970-1999 | |
 SAC-SMA calibration period
e Prior to 2006 start of GCM “Futures”

“2030’s” Future: 2020-2049
 Near future

“2060’s” Future: 2050-2079

e Far future

e Lower Santa Cruz study through
2060

« Aligns with Colorado River Basin 1950 w00 0w 2100
Study analysis through 2060

100

Annual emissions (GtCO,/yr)
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Review of Climate Metrics

1. Extreme events: intensity and frequency, temperature and precipitation
2. Monsoon onset
3. Dry period onset




RECLAMATION

Monsoon Season

» Onset defined by the first of three days with a mean daily dewpoint
temperature greater than a threshold.

 Demise is defined here as the day after the last three consecutive days
above the dewpoint temperature threshold
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Dry Season

 The dry season in Tucson is characterized by prolonged periods with low
to no rainfall. The transition to this season typically occurs by the start of
May and dry conditions persist until the start of the monsoon season.

* Prolonged dry spells signified the transition out of the winter rains and into
the dry season. Here, we used a two week dry spell, based on the
historical SAC-SMA data and Tucson Airport weather station analysis.

* Dry spell is consistent with the guidance of Michael Crimmins and uses a
daily precipitation threshold of 0.01” to define events.

« Additional constraints:
* Dry periods ending before May 1 cannot be considered the "dry foresummer" trigger
» Dry periods starting after June 15 cannot be considered the "dry foresummer" trigger
 May 1 dry period start enforced if metric failed to identify onset.



Future Climate
New Timing

Winter
Wet

Monsoon

*Note the importance of
comparing within the same
dataset.
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Weather Generator Motivation iy Xl

~Generator

Scale (spatial and temporal) that is relevant for local surface water
modeling

Natural precipitation variability is particularly important in this region.
The weather generator is used to introduce variability around the
broader climate projection trends.

The resulting ensemble (large group) of likely rainfall timeseries
represents a range of plausible amounts, dalily patterns, and
seasonality that will drive a resulting range of streamflows.



Precipitation Variability in the Tucson Area
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Source: Pool, D.R., Variations in climate and ephemeral channel recharge in southeastern
Arizona, U.S. Water Resources Research, Volume 41, W11403, 2005.
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Weather Generator

Purpose: simulate plausible future weather possibilities based on
climate projections for the Lower Santa Cruz River Basin

Validation data
e CBRFC’'s SAC-SMA
calibration dataset

o Categorized into three |
states (i.e. seasons)

Future climate scenarios
e Best case

Near and Far Future
e Worse case

Near and Far Future

Weather

Generator

Future time series of

precipitation and
> temperature inputs

to SAC-SMA surface
water model.



BEST WORSE BEST @ WORSE

Future Scenario 1: 5 5.
Daily Precipitation R || 3 |
01| ST
Weather Generator Input Dataset PR i 3 /i 14 i i A
M—D O_J_L ':I III L o G—M
Hist 2030s 2060s Hist 2030s 2060s Hist 2030s 2060s Hist 2030s 2060s
Monsoon Winter Wet
BEST . -WORSE
Best: Based on RCP 4.5 SD data
Worse: Based on RCP 8.5 DD data S
*Note the variability of daily ..
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Dry Season



Monsoon
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i BEST WORSE i

FUTURE
Seasonal Precipitation

Seascnal Precipitation (in)

Dry Fore-Summer

2020 2040 2060 1280 2000 2020 2040 2060

30

Weather Generator Input Dataset

Monsoon
Seasonal Precipitation (in)

Best: Based on RCP 4.5 SD data
Worse: Based on RCP 8.5 DD data

2020 2040 2060 1280 2000 2020 2040 2060

40
40

I
30

Seasonal Precipitation (in)

*Note the variability of daily
precipitation.

20

Winter Wet
Seasonal Precipitation (in)
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FUTURE
Temperature

Weather Generator Input Dataset
(Bias corrected)

Best: Based on RCP 4.5 SD data
Worse: Based on RCP 8.5 DD data

RECLAMATION

Monsoon Dry Fore-Summer
Average Temperature (deg F)

Winter Wet

Average Temperature (deg F)
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Surface Water Basin
Configuration

Las Vegas

; Phoenix

’ucs on
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Daily Weather Generator

For each day of 100 daily realizations
each scenario...

:: > Weather
Generator

Basin
P&T

Subbasin
P&T

Elevation Zone
P & T Maintains Input Spatial Patterns

Elevation Zone =
P&T

To
SAC-SMA
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Precipitation Simulation

Weather
Generator

Pwinter Pmonsoon
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Wet/Dry day analysis

e Atwo-state Markov Model is defined to address wet and dry spells.
* Precipitation occurrence is defined as any daily precipitation greater than 0.01”.
e Transition probabilities are computed for each season (dry, monsoon, winter).

» This analysis is how the weather generator accounts for storm frequency by
Including the length of time between storm events.
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Weather Generator Validation i
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Weather Generator Validation

Weather'
Generator
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Weather
Generator

Average Mean Monthly Temperature
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Precipitation
Seasonal Change —
SENIWAVEIE]E

Weather Generator Output

Winter
Wet

Monsoon

Best: Based on RCP 4.5 SD data
Worse: Based on RCP 8.5 DD data
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Average Total Seasonal Precipitation (in)
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Temperature
Seasonal Change —
Basin Average

Weather Generator Output

Winter
Wet

Monsoon

Best: Based on RCP 4.5 SD data
Worse: Based on RCP 8.5 DD data

RECLAMATION

Average Seasonally Averaged Temperature (deg F)
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Extreme Daily Precipitation - Best Case

Hist Dry
Extreme Events 2030s Dry

2030s Monsoon
2060s Monsoon

Precipitation
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Extreme Daily Precipitation - Worse Case

Winter
Wet
Hist Dry
2030s Dry
2060s Dry
Monsoon Hist Monsoon

2030s Monsoon

2060s Monsoon

Hist Winter

2030s Winter

2060s Winter

RECLAMATION Daily Precipitation (in)



Extreme Seasonal Maximum Temperature - Best Case

Hist Dry %
Extreme Events 2030s Dry
2060s Dry
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Weather Generator Output i
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Surface Water Model Refresher

* From: CBRFC’'s SAC-SMA! model
« Simulates basin runoff and soil moisture ~ fee 15t Precipitafion
e Spatially Lumped: based on mean basin T mpevious  FFreoater
Inputs :
» Precipitation,

filtration
F —

Upper zone

BE=
J
off

» Temperature, /g 3| : - ‘E
> Potential evapotranspiration (ET) — 3 £l & 3 5
and outputs: 5 S e 5 §
> runoff, im0 /
> baseflow, i

» actual ET.

Subsurface outflow

« Dally & Continuous: has memory of previous
soll moisture in system.

1. Colorado Basin River Forecast Center — SACramento Soil Moisture Accounting



e Sac-SMA requires monthly estimates of Potential
Evapotranspiration (PET) for each elevation zone.

PET a dj ustment e PET was adjusted for each scenario by scaling the Sac-SMA
calibration dataset values by the change in temperature between
the historical and future periods.

Woater Resources Research

Research Article = & Free Access

The twenty-first century Colorado River hot drought and
implications for the future

Bradley Udall &, Jonathan Overpeck

a zce n t l a I . First published: 17 February 2017 | https://doi.org/10.1002/2016WR019638 | Cited by: 33

FART OF THE USA TODAY NETWORK

‘A hot drought': Warming is driving much of the Colorado
River's decline, scientists say

lan James, Arizona Republic  Published 10:54 a.m. MT Sept. 7, 2018 | Updated 1:48 p.m. MT Sept. 7, 2018
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Basin ID Description
ACHA3 AGUA CALIENTE WASH - HOUGHTON RD
ATPA3 ALTAR WASH - NR THREE POINTS AZ
AVCA3 ARVACA CK AT ARVACA AZ
BMWA3 BRAWLEY WASH - AT MILEWIDE RD
S U r-l:a Ce Wate r BWRA3 BIG WASH - CANADA DEL ORO
BWTA3 BRAWLEY WASH - THREE POINTS
- . CCPA3 CANADA DEL ORO - CORONADO CAMP 10 BWRA3
MOdellng Domaln CDOA3 CANADA DEL ORO - BLO INA RD NR TUGSON GRBA3
CNEA3 CIENEGA CK - NR SONOITA .
CSCA3 SANTA CRUZ - AT CORTARO
DAVA3 DAVIDSON CANYON
GRBA3 CANADA DEL ORO - GOLDER ROAD BRIDGE
PNTA3 PANTANO WASH - NR VAIL
PWBA3 PANTANO WASH - BROADWAY BLVD.
RICA3 RILLITO CREEK - LA CHOLLA BLVD AT » ‘
RLA3 RILLITO CREEK - TUCSON AT DODGE BLVD. BMWA3 + % _ PWBA3' / ,
RINA3 RINCON CREEK - NR TUCSON
SBCA3 SABINO CREEK - NR TUCSON ” ; RNTA3
SCCA3 SANTA CRUZ - CONTINENTAL BWTA3 ISCA3
SCLA3 SANTA CRUZ - NR LOCHIEL DAVA3
SCNA3 SANTA CRUZ - NRNOGALES )
SCTA3 SANTA CRUZ - TRICO RD AT MARANA NR Cl’leA3
/;1}:)/;3 SCCA3
AVCA3 STBA3
SCLA3
SCNA3
0 5 10 20 30 40

ey e Miles
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Historical Flow 2030s Change 2060s Change

Y
Dry Season . a\ -
Spatial Streamflow ".}“\
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Historical Flow 2030s Change 2060s Change

Monsoon Season 3
Q
. o
Spatial Streamflow
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Winter Season
Spatial Streamflow

BWRA3
GRBA3
SCTA3 __ // CCRA3
CDOA3.
: - ,SBCA3
RICA3\ 7 _ ACHA3
. TVCA3
CSCA3 LILAS TQRA3
© ~RINA3
*. PWBA3 5

PNTA3
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Best

Worse

Historical Flow

2030s Change

2060s Change

Streamflow (ac-ft/season)
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Fractional Change in Streamflow

B o050
B 040
B 020
[ ]-010

--040|[ | 0.10-020

--0.20 [l 0.20-0.40

--0.10 [l 0.40-1.81

-0.10



RICA3 Best Case
@ Hist Bl 2030s B 2060s
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Streamflow

Historical Days

2030's Change
-12 more no-flow days

2060's Change
-10 change in no-flow days

No-Flow Days

TVCA3 TVCA3 -
Worse Case
TQRA3 3 Taraz -0 [ [
STBA3 STBA3 -
SCTA3 SCTA3
SCNA3 5 SCNA3 . I .
SCLA3 SCLA3 -
SCCA3 SCCA3
SBCA3 SBCA3 H - .
RINA3 2 RINA3
RILA3 RILAZ
RICA3 RICA3 o 9
PWBA3 PWBA3 - |
PNTA3 1 PNTAZ T
GRBA3 GRBA3
DAVA3 Dava3 I H B
CSCA3 CSCA3
CNEA3 T cNEA3
CDOA3 CDOA3 B B [
CCPA3 CCPA3
BWTA3 g BWTA3 -
BWRA3 BWRA3 - [
BMWA3 BMWA3 —
AVCA3Z AVCA3 - | N | |
ATPA3 0 ATPA3 T
ACHA3 ACHA3 -
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Streamflow

Historical Days

2030's Change
-12 more no-flow days

2060's Change

-10 change in no-flow days
[N Y [ S I [ A |

No-Flow Days

TWVCA3 TVCAI — —

Worse Case for 2030s o 1 -

TQRA3 3 TarA3 {0 [ | — [ -

STBA3 STBA3 — — —

SCTA3 SCTAI — —

SCNAZ 5 SCNA3 . — I . —

SCLA3 SCLA3 — —

SCCA3 SCCAI — —

SBCA3 SBCA3 H . - . -

, X X RINAZ 2 RIMNAI — —

2030’s - Top 5increase in dry days (#) RILA3 RILA3 - -

RICA3 RiIcaz - - - -

H PWBAS3 PWBA3 — — —

DDaX\I/d:??n Canyon PMTA3 1 PNTAI — —

GRBA3 GRBAZ — — —

( ) AT oAvAS | - C

H CSCA3 CSCA3 T — —

Davidson Canyon CHEAS 1 Cneas A | B

(DAVA3) CDOA3 CDOA3 Bl B . n -

CCPAS CCPA3 — —

BWTA3 BWTA3 — — —

Santa Cruz nr Nogales FVWRAS > BWRA3 - B B _ N B

BMWWAS BMWAS — — —

(SCNA3) AVCAZ AVCAZ | N | — | —

. ATPA3 0 ATPA3 T — —

Santa Cruz nr Lochiel ACHAZ ACHAZ - — -
(SCLA3) L LLiEiloipil L LhLELCibe: LEEBEELoCRBL:
SEEXE35235284 SPE2223538028 SE22LE35238628

Sabino Creek
(SBCA3)
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Streamflow

Historical Days 2030's Change 2060's Change
N O- F | oW D ayS -12 more no-flow days -2-10 change in no-flow days
1 | | | 1 | [ | 1 | 1 | | | 1 | | | 1 | 1 | | |
TWVCA3 TVCAI — —
Worse Case for 2060s o 1 -
TQRA3 3 TarA3 {0 [ | — [ -
STBA3 STBA3 — — —
SCTA3 SCTAI — —
SCHA3 SCHNAI — —
SCLA3 2 3CLA3 . . I . -
SCCA3 SCCAI — —
SBCAS3 SBCA3 — —
: : : RINA3 2 RINA3 - H - - . -
2060’s - Top 5increase in dry days (#) RILA3 RILA3 - -
RICA3 RiIcaz - - -
Sabino Creek May 10 PIVBAS , FUBAS 7 — -
SBCA3 GRBA3 GRBA3 — - L
( ) AT oAvAS | - C
Sabino Creek August 10 coen A i B
(SBCA3) R 00X I i m -
Sabino Creek April s S = E ] B -
BMWWAS BMWAS — — —
(SBCA3) AVCAZ AVCAZ | N | — | —
. ATPA3 0 ATPA3 T — —
Santa Cruz nr Lochiel August 9 ACHA3 ACHA3 — _ L
(SCLA3) o LLLilsbebs LD Lilubiiy LiLLLilLiils
Ee=a4E3 37802 ErZ4E3334028 S84 E3 978028

Santa Cruz nr Nogales August 9
(SCNA3)
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Next Steps

Simplified Modeling
Overview

Climate
Driving Forces
(Precipitation,

. Temperature)
1. Develop recharge
scenarios for el
I CLIMATE
groundwater modeling MODELS 1
2. Prepare input for SURFACE
Environmental Subteam’s N ODEL
riparian vegetation
assessment

RECLAMATION

Tucson AMA
Groundwater Model

Socio-Economic

Driving Forces
(Demographics,
Economics,
Technological,
Regulatory)

CAP SERVICE
AREA MODEL




Summary

 Models and scenarios consistently identify increases In
temperature, with larger increases in the worse scenario.

 The best case provides a scenario with relatively minimal
change in seasonal precipitation; in the worse case scenario,
total precipitation decreases in the monsoon and winter wet

Seasons.

 The number of no-flow days per month consistently increases
In the worse case.
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Managing Water in the West

Lindsay Beaurp
Ibearup@usbr.gov



Weatherj

Weather Generator - Noteworthy Generator

Didn’t use HD approach as previously discussed because of the character of extremes
in the LSCR basin. The “tails” of the distribution were such that we felt it altered the
signals from the DD models inappropriately.
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Dry Spells

Tucson Airport

Number of Dry Spells Length of Dry Spells

B Winter Wet
on

B Mansoon
[ I I I I I
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# Length
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Mov Mov
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May May
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Mar Mar
Feb Feb
Jan Jan
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Screen early and late; dry threshold = 14 days

Dry Season Onset
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New Timing for
Future Climate
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Days in each season by month
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What’s going on with
LOCA mpi 4.57

Seasonality based on incomplete
information (Dewpoint not
available for this projection)

While the resulting seasonality
looks consistent with expectations,
the July precipitation from the
LOCA downscaled MPI 4.5 data is
consistently low...
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First: What’s going on
with LOCA mpi 4.57

July precipitation has a large
number of small events and is
missing larger events;

NO precip events in the
monsoon season exceeds
0.8inches! (sac-SMA is 2.3")

Daily Precipitation (in) by Season
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Second: What’s going
on with LOCA mpi
457

Consistent with data averaged
from LOCA grid directly. Highest
July value is 0.9” on 7/23/1976 and
goes down from there.

Random historical
LOCA day of full
grid shown here
for reference

Precipitation (in/day) for all days in the period
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Thirdly: What’s going
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Although when summed to a
monthly timescale the Iarge Jan Feb Mar Apr May Jun Ju Aug Sep Oct  Nov Dec

number of small events adds up to
reasonable precip...
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Extreme Events
Bottom 10% of
Seasonal Min
Temperature

Weather Generator Output
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Extreme Seasonal Minimum Temperature - Best Case
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Extreme Seasonal Minimum Temperature - Worse Case
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