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Impacts of Earth’s changing climate:
Global effects felt from the deserts to the poles.

Jonathan Beyeler, Geologist (Ground Water Quality Bureau)

Brief intro of me, Jonathan Beyeler (NMED-GWQB-MECS).

> Geologist (1°%) / Geomorphologist (2") from the west coast

> Definition of “geomorphology”
« study of form and process
* natural processes andtime that sculpt Earth’ssurface

> Intersection of geologic and human timescales

> Effectsof climate change (3™)
fundamental to my PhD at
University of Washington

> focused on response of
rivers to changing climate
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Definitions from NASA:

> Weather
— Temperature, precipitation, humidityand windon any given day dueto ocean
temperatures, atmospheric temperatures, pressures, moisture, and circulationpatterns
— Short-term (i.e, days, weeks, and seasons)
Climate
— Typical weather pattern of aregion or city established over many years
— Long-term (i.e, years, decades, centuries, millennia)
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> Earth’sclimate

— Average of alltheworld’s climates compiled from years ofregional weather
> Greenhouse gases

— Heat-trappinggases in theatmosphere(eg, CO2, methane, others)
> Globalwarming

— Long-termincreasein Earth’s averagetemperature
> Climate change

— Changes in theusual weather foundin aregion or city (i.e, long-term)

+ changes in usual rainfall or temperatures from month to month, seasonto season, etc.

> Globalclimate change

— Changes in Earth’s climateas awhole

- change in usual temperature ata place or where rain/snow usually fall on Earth's surface

hitps://climate.nass.gov
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CLIMATE CHA

PART OF THE TRY WiLL BFLOAE
AN UNLIVABLE HELLSCAPE FIRsTT
OH YEAHT
WELL, WE'RE
BURIED IN
TICKS.

THERE'S FIRE
EVERYWHERE

AND WE
CAM'T BREATHE,

UH... THE PERSON
FROM ARIZONA

COLLAPSED FROM
HEAT EXHAUSTION.

Wi, I'M FRam FLORIPA.
MAYBE You'vE HEARD
ABOUT THE HURRICANES

AND THE WINN - EVERYONE!
THERE'S NG FLACE To HIDE.

Source: NASA

Collectively we have to deal with the effects of climate change,
within our and our children’s lifetimes. This is scientific fact.

Currentlyobserved effects of global climate change*:
» Temperatures willcontinueto rise

» Averages, highesthighs, lowestlows, summer highs, nightime lows,

> New lows in historically unprecedented regions
Changes in precipitation patterns

» Previously wetregions may get wetter

> Regions atmargins of wet and diy will dry out as wet regions migrate poleward
More droughts and heat waves

> Durations  will extend
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> Severe effects on water resources

<

Frost-free season will lengthen(andgrowing season)
> Hurricanes willbecome stronger andmoreintense
Sealevelwillrise 1-4 feetby 2100

Arcticlikelyto become ice free

Frequencyof extremeweathereve nts**

v

v
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*Changewill continuethrough this centuryand beyond.
**Added byJ.Beyeler, with support by USGS, IPCC, WEF, and manyothers

“Evidence for rapid climate change is compelling.” -NASA

“Scientific evidence for warming of the climate system is unequivocal.” -Pcc

Evidence of climate change summarized by NASA:
*  Global emperature  rise
— Earth’s average surface temperature has risen about 2.0 °F (1.1 C)
+  Waming ocean temperatures
~ Oceans have absorbed much ofthis increased global heat
+  Shinking ice sheets

— Greenland and Antarctic ice sheets have decreased in size and volume, and are melting faster now than

ever observed
. Glacial retreat
~ Apine glaciers are retreating almost everywhere around the world (e.g., Mount Rainier, the Alps,
Himalayas, Andes, Rockies, Alaska, and Africa)
+  Decreased snow cover

— Spring snow cover in Northem Hemisphere has decreased overthe past 50 years and is melting earlier

*  Sealevel rise

~ Global sea level rose about 8" inthe lastcentury; however the rate inlast20 years is nearly double that

of the last100 years
+  Declining Actic seaice

— Extent and thickness of Arctic sea ice has declined rapidly
. Extreme weather events

~ Frequency of record high temperatures inthe US has been increasing, while the number of record low

temperatures has been decreasing
+  Oceanacidification

— Since Industrial Revolution, acidity ofthe surface ocean waters has increased by about 30%

Source: NASA https://climate.nasa.gov avidence/|

hitps:// climate.nasa.gov dects /|
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Earth’s average temperatures: 2017 was the 2"d warmest year for Earth since records began in 1850.
16 of the 17 hottest years since 1850 have occurred since 2001.
Since ~2000, Earth’s temperature has been fundamentally different. Global average temperature anomaly
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Temperature Anomaly (C)
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Source: dime.nzapy

htips //climate.nas.gov vital-sgns/ gbbal-temperature/|
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2017 was the 2"d warmest year for Earth since records began in 1850.

Land & Ocean Temperature Percentiles Jan-Dec 2017
NOAA's National Centers lor Environmental Information

Data Source: GHCN-M version 3.3.0 & ERSST version 400
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2017 was the warmest non-El Nifio year since records began in 1880.
In fact, Earth just had it's hottest 4-year period in recorded history.

2013-2017 compared to baseline

Note: Baseline temperature is averagebetween 1951 and1980.
Source: NOAA https :/ / www.smiths onimmag.om/s mat-news fearths -dimate-mntinueswarm-2017-18967886//
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Earth is undergoing “net warming” however there will still
be cold days, just not where historically expected.

> Unusual places are getting
unusually cold, with snow.
> Multiple inches of snow
fell in Paris, France on
February 5, 2018

https://wow.th e gurdian.co mwo ld /20 18 fe 0 e ffd-tane rdoses snowwe h @-p s france

~16 inches of snow fell in the Sahara Desertin January 2018!

> Snowed 3 times in last 40 years, last seen in December %;3:5"_
2016. i
L s

= -
> Hadnot previously snowed in Ain Sefra, Algeria (nearby [ S =
town) since 1979. :, :
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This year's low
temperature in
Oymyakon, Siberia is
-89°F (-67°C).
January 2018:
Oymyakon had eight
consecutive
mornings with lows
at-58 °F (-50 °C)
prompting
eyelashes tofreeze.
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In 2017 global oceans were at their warmest to-date, since 1958.

Ocean Heat Content Anomaly in 2017 {0-2000m)
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Fig. 2. Annual mean ocean hest content anomaly in 2017 relative to a 1981-2010 baseline. Units: 107 ] m2
[Source: IAP ocean analysis.
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Earth is undergoing “net warming” however there will still

be cold days, just not where historically expected. In 2017, global oceans were at their warmest since 1900s.

> Unusual places are getting
unusually cold, with snow.

> Inchesof snow fell in

Florida in January 2018 .
See ocean tempemtures video:

https: //news. vice.can/en_us/artide/wjpm7nythe-
oceans-have-never-been-hotter-than-they-arenow

> Snow fell in every US
state by January 4
during 2017/18 winter.

2017 saw Earth’s warmest oceans on record (to-date since 1958). Global “mean sea level” has rapidly risen in last 20 years.

_ Global Ocean Heat Content Change (0-2000m)
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Fig. 1. Change in global upper-level (0-2000 m) ocean heat content since 1958, Each bar shows the 1995 0
annual mean relative to a 1981-2010 baseline. The final bar on the right shows the 2017 value. Reliable TIME

ocean temperature records date back to 1958, Source: IAP ocean analysis.
Sheng Ll md ) 2y 218 207 wxihe, Lo fortie dotd o, Aty Aps S 213120123 L0Z003E0RE0 https :// climate.nasa.gov/\ital-s gng/ ea-lewel/




htp://wwi.cnn_@my2018/02/0 1 /world fgile njrbon -apture -dimie-cian g-tomomowsheroindexhtm

10/13/2018

hitp://ww.cnn @m2018/02/01/world fgile arbon-apture -dimie-chan go-tomomowsheroindexhtm

Sea level has risen almost twice as fastin the second half of the
record (1940-2000) compared to the first half (1870-1940).

GROUND DATA:

What is accelerating
RS BOUNER: CONIN! Bckh (i 0 1ce modern sea level rise?

Tisually estimatedtrend lines

@ hurricanes and wildfines mude 2007} 9017: USA’smost costly year of extreme weather.

sy LS dlisgeter vegr on peconl

U.5. 2017 Billion-Dollar Weather and Climate Disasters

Minnessts biai Storm and
Mo Dukota, Sowth

Dakota, ad 3 Weater ; >
Montana Drought
Speng-Ful 2017

https ;//climate.nasa.gov ital-s gng/sea-lewel/

htp://ww.cnn_@my2018/02/0 1 /world fgile njrbon -apture -dimite-chan g-tomomowshero/indexhtm
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. 2017 Arcticsea ioe extert*

» * Second lowest
ever recorded

sincethe
beginningof
1979-2017
satellite record.




Arcticice (i.e., Greenland, sea ice around North pole) is
melting earlier and faster than ever observed.

> Complete melting of Antarctica and Greenland ice (i.e., “99%

of Earth’s freshwater ice) would lead to hundreds of feet of
sea level rise.

—National Ice and Snow Data Center, University of Colorado, Boulder

See NASAscientific visualization:

https://climate. nasa. gov Avital-signs/arctic-sea-ice/
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Antarctica melted moreand fasterin2017 than ever before
observed. —nNAsSA

Antarctica mass variation since 20Q@ (rate of change is ¥ 127.0gigatonnes/year)

2006 2008 2010

Source: dimte.naapy

Data source: Ice mass measurement by NASA's GRACE satellites.
Credit. NASA

Arcticice (i.e., Greenland, sea ice around North pole) is
melting earlier and faster than ever observed.

Greenland massvariation since 2002 (rate of change is ¥ 286.0 gigatonnes/year)

Source: dimte.nzagpy

g

ata source: Ice mass measurement by NASA's GRACE satellites
Credit: NASA

Antarctica melted more and faster in 2017 than ever before
observed. —-NASA

> Why does this matter a tiny bit more than arctic ice melt?
— Seaiceis floating
* only ~10% is above “meansea level”

— Land-based ice adds liquid to the oceans

— Majority of the continent of Antarcticaactually lies below sea
level, but it is covered by 100s to 1000s of feet of “terrestrial”
ice that is melting faster and more than ever observed

— If sea level rises and floats the ice sheets = large-scale effects

* “marine ice instability” that led to rapid meltand sea level rise
during late Pleistocene, ~10,000-20,000 yearsago

Arctic sea ice is extending lessand less, year by year and is
melting more, earlier, and faster than ever observed.

Average September extentvariation since 2002(rate of changeis ¥ 13.2% per decade)

Source: dimte.nzamy

Data source: Satellite observations

Credit: NSIDC/NASA

Why is climate changing?
...greenhouse gas additions to the atmosphere.
> Earth’sclimate has always been changing.
— Geologically it happened slowly, until the industrial revolution.
* Volcanic eruptions, wildfires, the carbon cyde, Earth’s axaltilt
— Only difference: human behavior since ~1850
» Fossilfuelcombustion, corcrete construction, beef producton, etc.
— What really killed the dinosaurs?

« slowly changing globaldimate that reduced food and habitat with
the final blow of “nuclear winter” fromthat fabled asteroid impact.




Earth’s atmosphere is a “system”.

* System is a balance of “inputs” and “outputs”
* Input +/—output = change in storage
— e.g., likeachecking account

* Influences to atmosphere build up and change slowly through
geologic time

Lately they’'ve been rapidly changing...
— Because of the rapid release of geologically sequestered carbon (i.e.,
combustion of fossil fuels by humans)
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Atmospheric CO, levels:
From recent geologic time, through 1950, to where we are today.

Take home messages: the punch line of “climate change”

> Change has always been happening, but human activity has
grossly accelerated the rate of change.
— i.e., rapid increases in the rate of temperature change, ice

melt, sea level rise, and occurrence of extreme weather

»> Changes are ongoing now, have been ongoing throughout our
lifetimes, and will continue for 100+ years.

> Extreme weather rising global temperatures (i.e., highest-
highs, lowest-lows, and averages), and disruptions of

historical weather patterns are rapidly becoming the new
normal.

“Evidence forrapid climate change is compelling.” -NASA
“Scientific evidence for warming of the climate system is unequivocal.” —pcc

Evidence of climate change summarized by NASA:
+ Global temperature  fise
— Earth's average surfae temperature fas risen dout 2.0 F (11 °C) sin lte 18005
~ Driven by increased CQ2 and othe G HG conentrationsin atmosphere
— 2016 (hottest year of record): 8 of 12 months werethe wammest of recordfor thos e respective months (lanuary
through September, except June)
Waming ocean temperatures
~ Oceans have @sorbedmuch of thisinaeased gldval heat
— The top ~2,000 feet (~700 meters) of ocan showng warming of 0.3 F sn 1969
Shrinking ice sheets
— Greenland and Antarctic i sfeets tavedecreased h mass, and are mdting faster nowthan eer
Glacial retreat
— Apine glaciers are retreating dmost everyvhere aroundthe world (e.g, Mount Rahier, the Alis, Hmdaya, Andés,
Rockies, Alaska,and Afric3
Decreased snow cover
~ Spring snow coverin Northem Hemisphere has deaeased over the past 50 yeas ard ismeltingearlier
— Intense ramifications for waer res ources ard res oure mangement bokingforwar
Sea level rise
— Global sea levd roseabout 8”in the bst @ntury
~ Howeverthe rate in last 20 yars isneaty doubk that of the It 100yeas
Declining Arctic sea ice
— Extentand thicknessof Arctic sea te ha delinad rapidlyove the last seweral deades
+  Exteme weather events

~ Frequency of record high temperature eventsin the Ushas been ingeasing, while thenumber of record low
mperature events has been creasngsine 199

~ increasing frequency of htens erainfalleverts
+ Oceanacidification
— Since the Industrial Revolition, addity of thes urfaee ocaan waters ha hcreased byabout 336 dueto more CQ h tre
atmos phere and abs orbing irto the oceans

ource: NASA https :// climate.nasa.goy avidence/|

Question

Thanks for listening!!

Jonathan.Beyeler@state.nm.us
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Looking forward with uncurtailed emissions scenario:
maps comparing 2010 and 2090 US summer temperatures
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Looking forward with
uncurtailed emissions scenario:
maps comparing 2010 and
2090 US winter temperatures

|

DENVER — Forecasters say one of the
most important reservoirs in the

Southwestern U.S. will likely collect be:
than half its normal amount of spring
runaff this year because of o warm, dry

winber across much of the region.

Hydralogist Greg Smith of the National
Oceanic and Atmospheric
Admindstration sad Wednesday Lake
Pawell is expected to get 47 percent of
its average inflow because of scant snow

River.

s /w0 .o MY 0 2HTEp -4 m e r-te e rature 2090
http:/Jlun morgost/wate r-fore cat-ble dsouthwe st-re se noir-land-co_mmis sione rfilesiibe raim

in the mountains that feed the Colarada il
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West coasts of USA and Europe are increasingly experiencing flooding

due to extreme precipitation (i.e., “atmospheric rivers”).

> atmospheric river (AR)

— dominant export of moisture from
tropicsto mid-latitudes

ring 11 A ctamrved

ay camsmonn e Bty nastce
e s s o 5 Framcomis, WY208-0618
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coast of USA
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ARs deliver 10s of
inchesof rainin less
than 3-day periods
ARs now dominate
annual precip. on west

» rivaling hurricanes
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All above-average rain
events at Mount
Rainier, WA since 2000
have been due to
atmospheric river
precipitation. -uses

(personal c: ., 2017)
» 2006 “100-yr” evert
wasan AR

— >18inches of rain
fellin 36 hours

— Eventssince2006
lengthen the
record,and lead to
areevaluation of
older events in the
context of new
data

> 1n2017, the 2006
event was

reclassified as ~20-yr
recurrence interva
event

All of New Mexico is beyond “abnormally dry”.
Northern New Mexico is currentlyin severe drought.

JAN. 24, 2017 JAN. 23, 2018

| Raton *
Tacs « ‘
X 13
Qlun Santa Fe s
Albuquergue ! ‘
Ciovia |
‘ Socomn «
" Ruidosal
[ Aty Lis Cruces Cartsbad
M Crought Moo
Mo Abnormally Moderate } Sevore Extroma Excoptional
drought oy drought ¥ drought ‘drought drought
Source: USDA

https ://www.abgoumal.om/ 124388/a-dry-wittereavesnewmexio-thirs tyhtml
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10/13/2018

Some unusual places are getting unusually cold (e.g., “bomb cydone” and “polar vortex”).

i
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Water resources are fundamentally sensitive to a changing climate.
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Exposed shoreline of Lake Mead, Boulder City, Nevada on June 3, 2015.
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