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Land & Ocean Temperature Percentiles Jan-Dec 2015

NOAA'’s National Centers for Environmental Information
Data Source: GHCN-M version 3.3.0 & ERSST version 4.0.0
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Statewide Average Temperature Ranks

January-December 2015
Period: 1895-2015
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Figure 3. Rate of Temperature Change in the United States, 1901-2008

This figure shows how average air temperatures have changed in different parts of the United
States since the early 20% century (since 1901 for the lower 48 states, [ 905 for Howail, and 1918

Gray interval: -0.1 to 0.1°F

Dz soyrce: MOAS, 2005

Disparity in the pace of climate change and the response to it



Minnesota Mean Annual Temperature Trend's

Minnesota, Average Temperature, January-December
1895-2015 Trend 15H0 ] -200R0M
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Temp trend is upward and more frequently above the
90t percentile, pace is 2°F per century.



Minnesota, Average Temperature, December-February .
1806-3015 Trend 1901-2000 Minnesota, Average Temperature, March-May
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Seasonal Statewide Temperature Trends in MN
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Trends in mean monthly t'e'rﬁpergﬂturesﬂét Wino'r'\a, \IN
1971-2000 normals vs 1981-2010 normals (F)

Month Min Change = Max Change Mean Change
January +4.8 +2.2 +3.5
February +3.3 +0.8 +2.0
March +2.1 +0.7 +1.9
April +2.5 +1.5 +2.0
May +1.7 NC +0.8
June +1.8 +0.2 +1.0
July +1.8 +0.1 +0.9
August +2.2 +0.3 +1.2
September +2.9 +0.6 +1.7
October +2.2 -0.1 -1.0
November +2.3 +0.4 +1.3
December +3.4 +1.4 +2.4




Trends In mean monthly temperatures at Austin, MN
1971-2000 normals vs 1981-2010 normals (F)

Month Min Change @ Max Change Mean Change
January +3.0 +2.1 +2.5
February +0.1 +0.2 +0.1
March -0.1 -0.1 -0.2
April +1.3 +0.2 +0.7
May +0.9 -0.8 +0.1
June +1.6 -0.4 +0.5
July +1.1 +0.2 +0.7
August +1.6 +0.4 +1.0
September +1.3 +0.6 +1.0
October +1.7 -0.3 +0.7
November +2.1 +1.7 +1.9
December +2.2 +1.4 +1.8




Statewide Changes in Annual Normal Temperatures (1981-2010 compared to 1971-2000)
Minimums ["Lows") Maximums {"Highs")

Temperature change {°F}

Minimum T Ez 01 001 03 05

There are regional differences in the rate of change in maximum
Versus minimum temperature



Statewide

Minnesota, Minimum Temperature, December-February
1890-2015 Trend 1EMI-20MMD
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Change in average winter minimum temperature is 5°F per century



Trends in average winter minimum
temperatures Rochester, MN

Period of Record Ave Min Temp in Deg. F
1951 - 1980 Jan 1.9
1961 - 1990 Jan 2.7
1971 - 2000 Jan 3.7
1981 - 2010 Jan 7.7
1951 - 1980 Feb 7.6
1961 - 1990 Feb 8.1
1971 - 2000 Feb 10.6
1981 - 2010 Feb 12.4
1951 - 1980 Mar 19.2
1961 - 1990 Mar 21.3
1971 — 2000 Mar 22.6

1981 - 2010 Mar 24.3



degrees F per century
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Frost-Free Season (days from normal)

Great Lakes Region (32°F threshold)
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Statewide Precipitation Ranks

January-December 2015
Period: 1895-2015
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Observed U.S. Precipitation Change, 1991-2011 vs. 1901-1960 Average

Draft Third National Climate Assessment, 2013
U.S. Average
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Geographic Disparity in Precipitation Change-IPCC 2013



Average Annual PPT 1891-1920, in Average Annual PPT 1921-1950, in

Avg. Annual PPT, in
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Minnesota, Precipitation, December-February Minnesota, Precipitation, March-May
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Statewide Seasonal Trends in Minnesota Precipitation

Minnesota, Precipitation, September-November

o 18952015 Trend  __ 1901-2000 . Binomial Filter 1895-2014 Trend . 1901-2000 —e— Preci
Binomial Filter 00T Do Avg: 1115 8 Precip +0.07" Decade Ave 6,10 i

Summer
(J,J, A) | !

1 A L. AL LU,

Minnesota, Precipitation, June-August

=

w
uw
o
siiBUIINA
4 o«
—
—d

=]

(=]

=]

Inches
a

a

ol

w

U i L T [ UL
| SR Fall ||"
__1(s,0N)

i ' ' ' ' i ' ' ' ' ' ' ' ' ' ' ' '
1900 1910 1520 1920 1940 1950 1960 1970 1980 1950 2000 2010 1900 1910 1920 1830 1940 1950 1960 1970 1980 1990

2010

T 150

sialawinma

sialawWiiy



PreC|prtation —_

: .:u......_-

| - B o v B *m&
g AMQUNT N
., ‘”r:, L S SRR #‘,gk % e
1621 54850 il | Fks 24.80" :‘;5;
_1931+1960 - ~27.06”
S0 T 20w
S '- 1051-1080 Rl 30.30”
1961~ 199q_w 00
o 1971-2000 | .
X198 0010 4 32.63’ .

31 percent |ncrease since 1921-1950 period -
Extremes: 10.81” in 1910, 42:20” i1n 1951

-

& " 3
, . L
$ o ; m
by, xR T
" L |
S i v bty . g T
; ) | L i




Change in Annual Precipitation
Normals at Winona, MN

PERIOD AMOUNT (IN.)
1921-1950 30.34”
1931-1960 30.57”
1941-1970 31.29”
1951-1980 32.81”
1961-1990 34,19”
1971-2000 34.61”
1981-2010 35.12”

16 percent increase since 1921-1950 period
Extremes:



Trends in average annual
precipitation for Rochester, MN

Period of Record Ave Min Temp in Deg. F
1931 - 1960 28.48"
1941 - 1970 28.52”
1951 - 1980 28.55”
1961 - 1990 29.67”
1971 - 2000 31.44”
1981 - 2010 33.02”
1991 — 2015* 33.52”

16 percent increase since 1931-1960
Extremes: 11.86” in 1910, 43.94” in 1990
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Rochester, Minnesota, Precipitation, April
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Rochester, Minnesota, Precipitation, October
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Rochester, Minnesota, Precipitation, June Rochester, Minnesota, Precipitation, July
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WEATHER ALMANAC
Completely Updated for the New Normals

K MINNESOTA

Quantity

Type (liguid,frozen)
Intensity (9-157)
Frequency (74-145 days)
Duration (10 days)
Seasonality (shifting)
Landscape relationship

(interception, absorption,
runoff, evaporation)
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Days per Year with Favorable Severe Parameters

from Brooks et al, NOAA-SSL, 2012



Increase in heavy rainfall by region

D0 0-9% B 10-14% M 15-19% B 20-29% D 30-39% M +40%

source: National Climate Assessment, National Climatic Data Canter



Precipitable Water (inches)

ALL Soundings for MPX

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec Jan

01 Jan 00 UTC

Daily Min (Thin Line): 0.08 75% Moving Average: 0.46
Min Moving Average: 0.08 Median Moving Average: 0.32

10% Moving Average: 0.15 Daily Mean (Thin Line): 0.33 Max Moving Average: 1.05
25% Moving Average: 0.22 Daily Max (Thin Line): 0.90

Radiosonde history of PW at MSP since 1948




Historic Droughts

(Associated fires)

1829, 1852, 1856
1863-1864, 1871-1872
1894, 1896, 1900,

r 1910, 1918, 1921-1923
MINNESOTA prvgeses

WEATHER ALMANAC [NV

Completely Updated for the New Normals
T | 1954-1956, 1961,

1976, 1980, 1984,

1987, 1988, 1997,
2005-2007 2008
2009, 2010, 2011,
2012, 2013




Historical recul
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2015 &
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Location

Albert

Waseca

Winne 200

Owatonna
Amboy
Wirndom

Winona

6.47 (8/19/2007)
.48 (9/23/2010)
.84 (9/23/2010)
.20 (9/15/2004)

.10 (8/19/2007)



Observations — Minnesota Trends

Minnesota Mega-rain Events

August 6, 1866, Southern Minnesota

July 17-19 1867, Central Minnesota

July 20-22, 1909, Northern Minnesota
September 9-10, 1947 Iron Range

July 21-22, 1972, Grand Daddy Flash Flood
June 28-29, 1975, Northwest Minnesota

July 23-24, 1987, Twin Cities Superstorm
June 9-10, 2002, Northern Minnesota
September 14-15, 2004 Southern Minnesota
August 18-20, 2007, Southern Minnesota
September 22-23, 2010 Southern Minnesota
June 19-20, 2012, Northeast Minnesota

*Defined as 6” or greater rains cover at least 1000 square miles and a peak amount
of 8” or greater



Shiftin
Precipitation
Recurrence
Intervals

Mega Rains since
2002

Fainfall Totals - June 9 and 10, 2002
| T

inches

State Climatology Ofice - DN R Waters

Total Rainfall
June 19-20, 2012

‘1000-yr (approx.) events’in Southern Minnesota in the last decade.
September 14-15, 2004

212343567 8101214 inches

August 18 through August 20 (800 AM CDT), 2007

l..\-l_-“l— T= li" -

“hh _J l-ll_g-__'

012834567 8&101214 inches
September 22-23, 2010

4 B & T & 10 inches

MNDMR State Climatolegy Office

01 2 3 45 6 7 810 inchas

A ‘by-sye’ estimate of the total area cosvered by 107 of rzin over the 7 years of 2004-2010 appears to be near 1400 sq.
mi. or about 200 sg. mi per year. Given that the area of the socuthern 3 layers of counties looks to be approximately
20000 sg. mi. the areal fraction of the southern three counties coverad by 10" per year appears to be approximately
1/100; i.e. at the rate of coverage for the last 7 years an area equal to the whaole scuthern three county area could be
coverad in about 100 years.

@5tate Climatology Office, DNR-Eco/Waters, September 2010



Consequences of Changes in Precipitation
Quantity and Character

Altered irrigation, tile. drainage, runoff,
sediment, and shoreline management

Change In storm sewer runoff and culvert
designs

Mitigation of soll erosion via buffers, contours,
and cover crops

Mitigation of flooding potential

Impact on insurance risk and claims






Available Soil Water-2015
SW Research and Outreach Center

5ft soil moisture profile

Lamberton, MN
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Current Frost Depths:
6" at Pipestone

8" at Lamberton

12" at Waseca
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11/1
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Average historical values for mid-February range from 25" to 35”



Available Soil Water (Inches)
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5 ft soil moisture profile measurements




Statewide Precipitation Ranks

September-November 2015
Period: 1895-2015

Mational Canters for
Environrmeantal
Information
Wid Jan 62016

Wetter than normal autumn in Minnesota with 2-3 extra inches of
precipitation across many counties



Statewide Precipitation Ranks
December 2015

Period: 1895-2015

Matonal Canbars for
Envinonmeantal
Informakion
Tun Jan 52018
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gar
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Second wettest December of all-time in Minnesota, trailing

only 1968. Many areas received more rain than snow and

some reported over 3 inches.



Daily Station Snow Depth (inches) 24-Hour Period Ending the Morning of 2/11/2016
I I _

D O 8 .8 g

©

@
o N P Y W & e -S! SN ﬂ.-f"‘ AU S
(=] [ ] [a] ] ] ] & 5] ﬁ [+ ﬁ [] [s] []

o N e a® Y 0t 8 e Y Y S

BMBRCC

Midwestern Regional Climate Center

Regional snow depth map, Feb 11, 2016
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Calculated Soil Moisture Anomaly {mm)
FEB 10, 2016
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Stored soil moisture anomaly for Feb 10, 2016 indicates
a surplus of 2-4 inches across southern MN



U.S. Seasonal Drought Outlook Valid for January 21 - April 30, 2016
Drought Tendency During the Valid Period Released January 21, 2016

Depicts large-scale trends based

on subjectively derived probabilities
guided by short- and long-range
statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events.
"Ongoing" drought areas are

based on the U.S. Drought Monitor
areas (intensities of D1 to D4).

NOTE: The tan areas imply at least
a 1-category improvement in the
Drought Monitor intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the
end of the period (DO or none).

. Drought persists

Drought remains but improves

Author:
Adam Allgood

NOAA/NWS/NCEP/Climate Prediction Center

Drought removal likely

e Drought development likely
L™ Q == i,

- - http://go.usa.gov/3eZ73




MMME Forecast of TMEZm Anom  1C=201602 for Z201EMAM
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Ensemble forecast for March-May, 2016 Temperature Anomaly



NMME Forecast of Prate Anom (mm/day) IC=201602 for 2016MAM
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Ensemble forecast for precipitation anomaly March-May 2016



Trends toward warmer temperature and more precipitation continue
In recent years.
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