CSAP

{1 A

Summer and Fall Climate Outlook

Mike Crimmins
Assoc. Professor/Extension Specialist
Dept. of Soil, Water, & Environmental Science &
Arizona Cooperative Extension
The University of Arizona

Climate Science Applications Program - University of Arizona Cooperative Extension s ! ttttttttttttttttttttttttttttttttt



Presentation Overview

* Act I: The Drought
 Actll: The Monsoon
 Actlll: The EIl Nino



U. S = D r o ug h t M on i tor (ReIeasJeclil '!'}wlu:;ai 2:14.‘;‘ 2014)

Valid 8 am. EDT

Drought Impact Tvpes:
¢~ Delineates dominant impacts

S= Short-Term, typically less than
6 months (e.qg. agriculture, grasslands)

L= Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

intensity:
[] DOAbnormally Dry

[] D1 Moderate Drought

% f [ D2 Severe Drought
'*S‘L ot I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Anthony Arfusa
NOAANWS/NCEP/CPC

The Drought Monitor focuses on broad-
scale conditions. Local condions may
vary. See accormpanying text swmmary for
forecast staterments.

Q http://droughtmonitor.unl.edu/




U.S. Drought Monitor
Arizona

U.S. Drought Monitor
Arizona

July 2, 2013
(Released Thursday, Jul. 4, 2013)
Valid 7 am. EST

Drought Conditions (Percent Area)

None | D0-D4 |D1-D4 | D2-D4 nxZsZ 3y

Current 0.00 [100.00(92.46 | 74.35 | 27.40 | 3.04

U.S. Drought Monitor
Arizona

Last Week

6252012 0.00 [100.00(92.49 | 74.44 | 23.48 | 0.00

3MonthsAgo | 305 | 9594 |80.11 | 2072 | 203 | 0.00
422013

Start of
Calendar Year | 0.00 |100.00|97.91 |37.78 | 8.68 | 0.00
1172013

Start of
Water Year 0.00 (100.00(100.00( 31.93 [ 567 | 0.00
8252012

One YearAgo | ooy |400.00(100.00| 93.78 | 25.07 | 0.00
7R/2012

Intensity:
DO Abnomally Dry - D3 Extreme Drought
D11oderate Drought M D¢ Exceptional Drought
D2 Severe Drought
The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying text summary
for forecast statements.

Author:
Matthew Rosencrans
CPC/NCEP/NWS/NOAA

USDA 3
— mifu‘fwnu@nm

http://droughtmonitor.unl.edu/

January 7, 2014

(Released Thursday, Jan. 9, 2014)
Valid 7 am. EST

Drought Conditions (Percent Area)
None | D0-D4 |D1-D4 | D2-D4 [le=ZeZ Sgezy

Curmrent 16.08 | 83.92 [ 57.19 | 24.66 | 0.00 | 0.00

|

October 1, 2013
(Released Thursday, Oct. 3, 2013)
Valid 7 a.m. EDT

Drought Conditions (Percent Area)

None | D0-D4 |D1-D4 M-Dtl- D4 D4

Curmrent 14.83 | 8517 | 61.91 | 2528 | 0.00 | 0.00

Last Week

9242013 14.83 | 8517 | 61.91 | 2528 | 0.00 | 0.00

SMonthsAgo | 09 |190.00 | 92.46 | 74.35 | 27.40 | 3.04
7R/2013

Start of
Calendar Year | 0.00 |100.00(97.91 (37.78 | 868 | 0.00
1A/2013

Start of
Water Year 14.83 | 8517 | 61.91 | 2528 | 0.00 | 0.00
1012012

One YearAgo | 4 09 |100.00(100.00| 31.42 | 567 | 0.00
1022012

U.S. Drought Monitor
Arizona

Last Week

12812013 20.72 | 79.28 | 5358 | 14.73 | 0.00 | 0.00

3MonthsAgo | 45 9 | g5 | 61.91 | 25.28 | 0.00 | 0.00
1082013

Start of
Calendar Year | 20.7.
12312013

N}

79.28 | 5358 | 14.73 [ 0.00 | 0.00

Start of
Water Year 14.83 | 85.17 [ 61.91 | 25.28 | 0.00 | 0.00
10412013

One YearAgo | o9 |100.00(07.82 | 37.78 | 268 | 0.00
182013

Intensity:
DO Abnomally Dry - D3 Extreme D rought
D1 Moderate Drought | A Exceptional Drought
D2 Severe Drought

The Drought Monitor focuses on broad-scale condtions.
Local conditions may vary. See accompanying text summary
for forecast statements.

Author:
Mark Svoboda
National Drought Mitigation Center

USDA ¥
= mwwnu@ﬁm

http://droughtmonitor.unl.edu/

,

Intensity:
DO Abnomally Dry - D3 Extreme D rought
D1 Moderate Drought | ] D4 E xceptional Drought
D2 Severe Drought

The Drought Monitor focuses on broad-scale condtions.
Local conditions may vary. See accompanying text summary
for forecast statements.

Author:

David Miskus

NOAA/NWS/NCEP/CPC

USDA e
| m;:\fw;.;mﬁm

http://droughtmonitor.unl.edu/

April 8, 2014
(Released Thursday, Apr. 10, 2014)
Valid 8 a.m. EDT

Drought Conditions (Percent Area)

None [ D0-D4 |D1-D4 | D2-D4

D4 D4

Curmrent 0.00 |100.00|88.56 | 57.06 | 518 | 0.00

LastWeek | 009 1000|8799 [57.01 518 | 0.00
412014

3MonthsAgo | 1605 | 397 | 57.19 | 2466 | 0.00 | 0.00
1772014
Start of

Calendar Year [ 2072 | 79.28 | 5358 | 1473 | 0.00 | 0.00
12812012

Start of
Water Year 1483 | 8517 | 61.91 | 2528 | 0.00 | 0.00
1012013

One YearAgo | ;05 | 95,94 8130 | 41.15 | 563 | 0.00
4872013

Intensity:
DO Abnomnally Dry I o:cexireme Drought
D1 Moderate Drought M D4 € xceptional Drought
D2 Severe Drought
The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying text summary
for forecast statements.

Author:
Brian Fuchs
National Drought Mitigation Center

USDA &
| Wmm‘@.

http://droughtmonitor.unl.edu/
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To zoom in, click and\drag the cursor. To return to the full time series, double-click anywhere in the chart.
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Water-year Precipitation

CONUS + Puerto Rico: Current Water-Year (Oct 1) Observed Precipitation
Valid at 72/7/2014 1200 UTC- Created 72/7/14 19:51 UTC
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Water-year Precipitation

CONUS + Puerto Rico: Current MWater-Year (Oct 1) Percent of Normal Precipitation

Valid at 7/7/2014 1200 UTC- Created 7/7/14 19:52 UTC
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Water-year Temperature

Departure from Normal Temperature (F)
10/1/2013 - 7/6/2014
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KTUS - Oct 2013 Through Sep 2014
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http://www.wrh.noaa.gov/climate/temp: graphs.php?wfo=twc

Normal total precip = 6 in.
Current total precip = 3.91-in.
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Tucson daily temperature and precipitation Oct 2013 — Jul 2014
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Short-term Drought Conditions

|
115°W 114°W 113°W 112°W 111°W 110°W 109°W
WestWide Drought Tracker - WRCC/UI Data Source - PRISM (Prelim), created 5 JUL 2014

Climate Assessment for the Southwest



Long-term Drought Conditions

Arizona - 36 mont H
June 2014
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WestWide Drought Tracker - WRCC/UI Data Source - PRISM (Prelim), created 5 JUL 2014
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Arizona Climate Division 7, Standardized Precipitation Index - (1-60 mos, Jan1981 - May2014)
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30-Day Average OLR Anomaly 2014/02/14 2014/03/1 5
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lon: plotted from 0,00 to 357.50

lat: plotted from —90 tec 90Q.0

lev: 300.00

t: averaged over Jan 1 2014 to Feb 28 2014
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Hydroclimatology 101
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What does it take to produce
precipitation?

Precipitation




Where does Arizona’s

atmospheric moisture come from?

Moisture Advection:

Water evaporates into ..
Maritime

atmosphere over ocean airmass ||

areas and moves over

continental areas

Moisture Recycling:
Precipitation initially from
advection re-enters C

Continental
Airmass

k)
atmosphere from /

evapotranspiration Wet soil/active vegetation = ET

Climate Science Applications Program - University of Arizona Cooperative Extension i* ! Climate Assessment for the Southwest



Lifting Mechanisms

1. Convection: Intense
heating at surface
causes buoyancy

2. Orographic Lifting:
Air is forced up and
over physical barrier

3. Frontal Lifting: Air
masses of different
temperature/moisture
levels force vertical
motion

http://www.angliacampus.com/public/pri/geog/rivers/page04a.htm

Climate Science Applications Pro gram - University of Arizona Cooper ative Extension s ! Climate Assessment for the Southwest



North American Monsoon
System

CSAP
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North American Monsoon &
Arizona

Monsoon: from Arabic mawsim meaning season, refers
to seasonal change in wind direction
Start of Monsoon in AZ ( )

— Tucson NWS: 3 consecutive days of average daily dew
point >= 54 °F

— Phoenix NWS: 3 consecutive days of average daily dew
point >= 55 °F

Monsoon start dates for Tucson

— Average start July 3rd

— Earliest start June 17 2000

— Latest start July 25 1987
No official criteria for end of monsoon in AZ; typically

Climate Science Applications Program - Arizona Cooperative Extension



%;g Winter Circulation .
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Seasonality of Circulation
Patterns

Sea-Level Pressure and Surface Winds
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Upper Level Flow - May

NCEP/NCAR Reanalysis
500mb Geopotential Height (m) Climatologqy 1968-19986

CIRES/Climate D Center 5300

5880

120W T15W 110W 105W 100W 95 30W 7oW 70W

May
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Upper Level Flow - June

NCEP/NCAR Reanalysis

500mb Geopotential Height (m) Climatalogy 18968-1996

120W T15W 110W 105W 100W S5W Sow BOW 7MW
Jun
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Upper Level Flow - July

NCEP/NCAR Reanalysis
mb Geopotential Height (m) Climotalogy 1968-1896

5800
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Jul
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Average low-level moisture; JJune .. . MOIST

Surface Precipitable Water (kg/m*2) Climatalogy 1981—-2010 clima

NOAA/ESRL Physical Sciences Division
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Average low-level moisture; . %yﬂ Reonalysis MOIST

Surface Precipitable Water (kg/m*2) Climatalogy 1981—-2010 clima
NOAA/ESRL Physical Sciences Division ‘50
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Average low-level moistureN:ng\HgR Reonalysis MOIST

Surface Precipitable Water (kg/m*2) Climatalogy 1981—-2010 clima
NOAA/ESRL Physical Sciences Division ‘50
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Average low-level moisture; se MOIST

Ag Reanalysis

Surface Precipitable Water (kg/m*2) Climatalogy 1981—-2010 clima

NOAA/ESRL Physical Sciences Division
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Morphed composite: 2014-07-04 18:00:00 UTC
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Total Precipitable Water (mm)
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Longitude

http://tropic.ssec.wisc.edu/real-time/mimic-tpw/epac/main.html
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Summer
Precip
(July-Aug-




a Monsoon Onset based on b North American Monsoon
Satellite-derived Rainfall .
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Arizona Monsoon

July-August-September
Total Rainfall (in.)

- High : 20

L Low: 1

JAS Percent of Annual ,“

L
Ral nfal I July-August- Sept Rainfall

% of Annual Total

- High : 60

’ ‘ ¥* N4 B Low 120
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Summer 2013
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NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis
500mb Geopotential Height {(m) Composite Mean 500mb Geopotential Height (m) Composite Mean

NOAA/ESRL Physical Sciences Division NOAA/ESRL Physical Sciences Division
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Arizona - 1 month SPI
July 2013
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Arizona - 1 month SPI
September 2013
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WestWide Drought Tracker - WRCC/UI Data Source - PRISM (Final), created 17 MAR 2014

Arizona - 1 month SPI
August 2013
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Arizona - 3 month SPI
September 2013
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2013 Monsoon Summary

1 | 1

Avg v First v Last -
Timing of precip events/totals
1 1 1 1
T T T T T T
8 Daily total and cumulative seasonal precipitation
P *=Missin
6k — 2013 | Similar Years ¢ 9)

TUCSON INTL AP
Elevation: 777m

Period of record: 1950-2013
Years in record: 64

Precip rank: 54 (1,wettest)
Temp rank: 6 (1,warmest)
Missing in 2013: 0 days

1975 12 50
375 24 0.16
5 ¢ 10 40 0.4
2 - 30 0.3
6 vy il
. 20 0.2
4 Jul-1 Aug-1  Sep-1 4
8 10 o ({01 5y
2 S > : ke]
8 = 3§ =
o 0
= 3 Precip Rain Days Intensity
Precip Events
15
10
2
5
0
1 Light Moderate Heavy
Dry Spells
Avg length: 4 days (avg: 5)
Max length: 13 days (avg: 14)
0
Daily Min/Max Te—’rff_ ' ' ' ' ' aonn || 76| 743 867 02| 902
vl 'S d ) ~ ) 3 : - : :
100 I o ~—— e e . o = e R 00
N 86
s W T T _ i | o| —
° =L == | -~ m | H 84
— = = el e Tl 70 96
60 |- o 82
68 94
1 1 1 1 1 1 80
Jun-15 Jul-1 Jul-15 Aug-1 Aug-15 Sep-1 Sep-15 Sep-30  T-min T-avg T-max

http://cals.arizona.edu/climate/misc/monsoon/monsoon_summaries.html
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2013 Monsoon Summary

1 | 1 1 1
Avg v First +25% of total _75% of total v Last - PHOENIX SKY
Timing of precip events/totals HARBOR lNTL AP
Elevation: 337m
2013 v y Period of record: 1950-2013
1 . 1 Years in record: 64
] L T ] 1 L H .
Daily total and cumulative seasonal precipitation Precip rank: 21 (1,wettest)
4 — (*=Missing) Temp rank: 11 (1,warmest)
2013 | Similar Years Missing in 2013: 0 days
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1.5 - Precip Events
15 # of days
10
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S |
0
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2013 Monsoon Summary

DOUGLAS BISBEE

I
Avg - v First 25% of total 75% of total v Last -
Timing of precip events/totals IN L AP
Elevation: 1251m
2013y v y Period of record: 1950-2013
. . . L Years in record: 64
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2013 Monsoon Summary
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Climate Outlooks
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Forecasting the monsoon season
(don’t try this at home)

* Things to look for...
— Position of the subtropical ridge
— El Nino-Southern Oscillation
— East Pacific SSTs

* Monthly to seasonal precipitation patterns
are driven largely by day to day weather

* Tools include historical analogs and
dynamical seasonal forecast models

* QEO
= N Climate Assessment for the Southwest
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Seasonal

Forecasts

EC MEANS EQUAL 1
CHANCES FOR A, N. B
A MEANS ABOVE c
N MEANS NORMAL
rfB MEANS BELOW
\‘tl

" J h]

http://www.cpc.ncep.noaa.gov/products/predictions/90day/

- " X TR
CSAP A MEANS ABOVE ¢
M1 - N MEANS NORMAL

Climate Science Applications Program - Univy h J// B{MEﬁNS BELOW



70N 1

6ON 1

50N 1

40N 1

30N 1

20N 1

10N

NMME Forecast of Prate Anom (mm/day) 1IC=201406 for 2014JAS
= =

MMA prate Anom [mm/day] IC=Jun2014 for JAS

N
R
> &|‘M§¢ M 55 >
e ::;g Y= S ~ %‘;451{]
, - T8
e tg{ N " ﬁ Sk
: N
! -
1
|
“
: , : , Y~ .
160W 140W 120 100w BOW BQW JoN : : , i i . . . g o
| | | | | __ 170% 160W 150% 140W 130% 1200 110W 100W QoW aow 7OV GOW
-1 -0.8 -0.6 -04 -02 -01 041 02 04 06 08 1 P L I I I [ I | I I

Climate Science Applications Prog

100W 30
s [T T

40% 50 60 70 40% 50 60 70
Below Neutral

140W 120W

40% 680 60 70
Above

160W

Climate Assessment for the Southwest
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El Nino, where are you!?!?

—_

V a
*
'y
A\ g o . .
oy W i Aal Monster El Nino May Be Brewing, Experts Say
> o T = BY JOHN ROACH
Z IO ! -
\\: A . - s o e e =
R . : Stay informed. Sign up for breaking news alerts direct to your inbox.

i )
\ . > R eady for a *90s El Nifio flashback?

Researchers are keeping a close eye on a giant pool of abnormally warm water in the Pacific

WEATHER / Ocean that some think could trigger another El Nifio of epic proportions if it rises to the surface,
(HANNEL ) . sending weather patterns into a tizzy around the world.

futu re :(0): tense ASU | NEW AMERICA | SLATE MOVieS, w Ce
THE CITIZEN'S GUIDE TO THE FUTURE & Showtimes ~ & |

El Nifio Could Grow Into a
Monster, New Data Show El Nifio (2014)
By Eric Holthaus o o ° Drama | Thriller - 29 August 2014 (Spain)

3.6k 1.3k 214

2]

The odds are increasing that an El Nifio is in the works for 2014—and recent

forecasts show it might be a big one. o~
- ! C\l:mate/\ssessmentfm‘the Southwest
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Atmosphere-Ocean Coupling

Normal Conditions

Convective
Chcilation

Thermociline
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Atmosphere-Ocean Coupling

El Nino Conditions

E
Thaetrmocline ¢




Dominant Circulation Pattern: El Nino Winter

PERSISTENT EXTENDED PACIFIC JET STREAM
& AMPLIFIED STORMTRACK




Subsurface water temperatures
along equator...

Month JUN 2013
Eq Temperature Anom.

§ & 8 BB
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Levi Cowan - tropicaltidbits.com
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CDAS—SFLUX Sea Surface Temperature Anomaly (°C) (based on CFSR 1981-2010 Climatology)
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@ NWS /NCEP/CPC Last update: Tue Jul 8 2014

Initial conditions: 7Jun2014—18Jun2014

CFSv2 forecast Nino3.4 SST anomalies (K)
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2013 2014 20158
—— Latest 8 forecst members —— - Eorecast ensemble mean
Earliest 8 forecst members — NCDC daily analysis

Other forecast members



@ NWS /NCEP/CPC Last update: Tue Jul 8 2014

Initial conditions: 17Jun2014—268Jun2014

CFSv2 forecast Nino3.4 SST anomalies (K)
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—— Latest 8 forecst members —— - Eorecast ensemble mean
Earliest 8 forecst members — NCDC daily analysis

Other forecast members



@ NWS /NCEP/CPC Last update: Tue Jul 8 2014

Initial conditions: 27Jun2014—8Jul2G14

CFSv2 forecast Nino3.4 SST anomalies (K)
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=284 ----------------------------------------------------
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ENSO Forecast

/CPC Plume-Based Probabilistic ENSO Forecast

ENSO state based on NINO3.4 SST Anomaly

Neutral ENSO: -0.5°C to 0.5°C
I £l Nino

[1 Neutral
B L2 Nina

Climatokgical
Probability :
~E| Nino
Neutral
~— La Nina

JJA DJF  JFM  FMA
2014 2015

http://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/
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Oct-Nov-Dec

EC_MEANS EQUAL
CHANCES FOR R. N»
A MEANS ABOVE

N MEANS NORMAL

Dec-Jan-Feb

CSAP

¥ N MEANS NORMAL
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Arizona - Standardized Precipitation Index - (1-60 mos, Jan2000 - May2014)
-3 -2 -1 0

60

y

55—

50

w
[
|

i
.

SPI Length(mos)
N N w
o (6} o
T T T

-
(&)
|

10+~

1 2
I T
. . TN
4

A
[ 40

il 4 ‘!‘lﬁ .

May14
1
T 2 | I Monthly Precipitation Anomaly (in.) ||
£
o 1
<
§- 0
a -1 i
Jan00 Julo2 Jan05 Julo7 Jan10 Jul12
Year

Climate Science Applications Program Data . NOAA National Climatic Data Center
A University of Arizona Cooperative Extension ftp:/Mp ncde. noaa. gov/publdatalcirsiclimdiv
ARLZONA hitp //cals arizona edu/climate Base Period= 1900-2014 Date created: 04-Jul-2014



Thanks!

crimmins@u.arizona.edu
http://cals.arizona.edu/climate



Interannual Climate Variability
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What are El Nino and La Niha?

OCEAN TEMPERATURES (°C)

EL NINO LA NINA
Jan-Mar 1998 Jan-Mar 1989
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Atmosphere-Ocean Coupling

La Nina Conditions
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Dominant Circulation Pattern: La Nina Winter
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Arizona ENSO Connection

Arizona statewide October thru March Precipitation
(versus Southern Oscillation Index for prior June - November)
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ENSO: 1982-2014

Historical Sea Surtace [emperature Index

—

NINO3.4 Index (“C)
Q

|
-t

-3
1982 1984 1986 1988 1990 1992 1994 1936 1998 2000 2002 2004 2006 2008 2010 2012 201
ime Period

‘ http://iri.columbia.edu/climate/ENSO
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Weekly Average SST 2014/04/06 - 2014/04/12
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Weekly SST Anomaly

2014/04/06 - 2014/04/12
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Equatorial Temperature Anomaly {*C)
Pantad centered on 07 FEB 2014
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Western United States - 3 month SPI
September 1997
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Western United States - 3 month SPI
March 1998
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Closing Points

Elevation, latitude, and ocean sea-surface
temperatures create a complex Arizona
climate

Different mechanisms create summer
versus winter precipitation

Lots of opportunity for variability (spatially
and temporally)

Climate change is real and a reason for
concern in Arizona
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Monsoon Day in Tucson
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Triggers of Thunderstorm Events
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Triggers of Thunderstorm Events

 Thunderstorm Outflows
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Triggers of Thunderstorm Events

 Frontal Storms
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NCEP/NCAR Reanalysis
500mb Geopotential Height {(m) Compasite Mean
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NCEP/NCAR Reanalysis
500mb Geopotential Height {(m) Compasite Mean
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NCEP/NCAR Reanalysis
500mb Geopotential Height {m) Compasite Mean
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Extent of NAMS

10 15 20 25 30 35 40 45 50 55 60

FIG. 3. Analysis of the contribution of the precipitation during

- July, August, and September to the annual total, expressed in percent.

CSAP Greater than 70% is crosshatched. Stations used in the analysis are
pmmesmmeen  chown as dots. Douglas et al. 1993
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Elements of the North American Monsoon over Northern Mexico
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Monsoon Season (6/15-9/30) Climate History: TUCSON INTL AP, 1950-2013
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