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Recognizing the Disharmony of Climate Change in an 
Unbalanced World

Presenter
Presentation Notes
It is hard for us to recognize the impacts of climate change because we have changed and continue to modify the world around us at an alarming pace, so much so, that change is what we are used to seeing. The good news is that if we are prepared to learn about climate impacts and re-evaluate the way we are living, we may be able to make the impacts of climate change less severe for us and our children.
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“We need you to help us understand 
what the white men are up to. My 
Grandchildren, be good. Try and 

make a mark for yourselves.
Learn all you can.”

-Tatanka Iyotanka (Sitting Bull)

Presenter
Presentation Notes
Native people do need to learn all they can, not just to understand what outside communities are up to, but to take control of their own destinies. By controlling our destinies we can reclaim our heritage as Native people.Many examples where Native perspective in Community development and Resource Management are desperately needed. i.e. Water development-planning, community growth, land use planning, rangeland and agricultural practices. All of these need the perspective of climate and global change to be incorporated, they can be incorporated through our respect for the sacred elements of the universe, for our grandchildren, and for our mother Earth.
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• Winter ice much thinner
• Snowfall extremes 

common
• Consistently warmer 

temperatures all year
• Severe wildfire intensity
• Animals and fish, and their 

behavior, changing
• Declining permafrost
• Prolonged drought
• Riverbank erosion has 

increased
• Lakes drying out
• Grasses growing more, 

plant distribution changes 
constantly

• Flooding events have 
changed

• Weather no longer 
predictable

• Prophecies of change 
supported

Presenter
Presentation Notes
This is a summary from Orville Huntington, who was co-chair of the Alaska Native Science Commission for a time. These are some of the changes the Athabascan people in AK interior were talking about five years ago.  I think many of us have been aware of the changes that people in Alaska have been facing. 
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Location Historic  
(60’s)

Current 
(00-06)

Chinle, AZ 51.6 o F 55.5 o F 
Farmington, 
NM 

51.6 o F 53.9 o F 

Lees Ferry, AZ 62.2 o F 64.0 o F 
Tuba City, AZ 55.0 o F 58.1 o F 
Shiprock, NM 53.3 o F 56.3 o F 
Wupatki, AZ 57.3 o F 58.8 o F

Presenter
Presentation Notes
There are also big changes occurring here. In fact Arizona has seen the greatest temperature increases in the 48 contiguous states. This is a comparison of average annual temperatures from places on and around the Navajo Nation recorded in the 1960’s (in a USGS professional paper) compared to average annual temperatures since the year 2000. 
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• GCM models AVERAGE in space and time
• Indian country: hottest, driest, windiest, 

coldest
• Land use and climate change linked

Presenter
Presentation Notes
It’s important to keep in mind that when climate change is discussed, it is in terms of averages in both space and time. The variations that are averaged together are important, because that is actually what is happening on the Earths surface. Continents heat up more than the oceans they are averaged with…. Deserts heat up more than the mountains they are averaged with…The extremes, such as heat waves, storms, and floods are what we and other species on this planet need to survive.Extremes in terms of heat and water scarcity are already pronounced on reservation lands.  These are the lands most likely to see climate Change impacts first. 
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Crow Agency Data

Hardin Data
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Presenter
Presentation Notes
In addition, reservation lands have a chronic shortage of information.  This is an example from Crow Agency, where a weather station was discontinued, and the temperature trend is not clear unless you include the data from Hardin, which luckily is only 15 miles away. There are many such examples where there isn’t a data source nearby, especially on the navajo nation, in Cameron, Monument Valley, Leupp, even Window Rock. Hardin is a little cooler and wetter than Crow, but it’s what we have to use to estimate what is actually happening on Crow lands.
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Days of high temperatures in Hardin MT
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Presenter
Presentation Notes
Heat waves and the number of hot days are increasing each year. 
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Navajo Nation

Hardin MT0
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Presenter
Presentation Notes
The amount of snowfall is decreasing, not only on the Navajo Nation, but across the west.
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Changes in Spring 
Run-Off

• Timing of moisture arrival 
important for plant and animal 
survival

• Seasonal changes in 
temperature produce out-of-
synch ecosystem
DISHARMONIOUS

Presenter
Presentation Notes
Snow is like having a savings account for water. Snow pack slowly melts in the mountainous areas, and supplies water to river over the drier periods of the summer and fall. Snow acts to cool the surface of the earth. It also provides moisture to the ground gradually, which improves infiltration for moisture delivery to plants and recharge to aquifers.
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Hardin Frost Free Days

Number of frost free days

0 50 100 150 200 250

1949

1954

1959

1964

1969

1974

1984

1990

1995

2000

2005

Ye
ar

Presenter
Presentation Notes
The number of days without freezing night time temperatures is increasing.
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Bugs love Climate Change

• Fewer hard frosts mean better survival 
through winter

• Longer warm season means higher 
reproductive rates

• Warmer temperatures
– Some species of mosquito can extend range 

further north
– Bark beetles can attack new species of trees
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"The debate [about climate change] is over …” 

Arnold Schwarzenegger, among others, 2007

The real debate is just beginning:

What can we do about climate change?

The nature of the problem requires basic 
societal decisions in the face of ongoing 
uncertainties for the foreseeable future.

Understanding the impacts, observing and 
measuring the changes and communication 
of scientific information will be critical.

Presenter
Presentation Notes
The reality of the situation is that both uncertainties and the need for debate will continue indefinitely.  Societal decisions will be necessary in the face of ongoing uncertainties.  Whether intended or not, these decisions will constitute a strategy  of adaptive management, requiring constant debate and adjustment in response to evolving effects and how they are perceived.  The availability and effective communication of scientific information will be central to the effectiveness of this response.
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Presenter
Presentation Notes
Land use and climate change are linked. What we do on the land effects its ability to sustain us. We, as native people know that, but we seldom act on it. Roads, development, and off-highway vehicle use is one example.



15-Roads recorded on late 1960s topographic map



16-All visible roads from 1990s DOQQs
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18Tons/Acre Erosion

Surface Water 
Run-off and 
Erosion

Presenter
Presentation Notes
These are diagrams from “Water in Environmental Planning” by Dunne and Leopold.  The lower left figure depicts the amount of soil erosion  that occurs  given different conditions of surface vegetation.  The upper right figure  is a graph that shows infiltration rate  with different amounts of vegetation.  The important point is that after vegetation becomes sparse, either from drought or land use,  surface erosion increases and the amount of sediment available to blow as sand and dust increases. In addition, infiltration rate decreases, surface run-off increases, the likelihood of a flood with erosive energy for a given precipitation event increases. As soils erosion increases and infiltration decreases, it is even more difficult for vegetation to re-establish and grow.  
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Climatic Factors Describing Sand Dune Mobility

Sand dune mobility (M) = W/(P/PE)
Sand transport potential (W) = Percent of time wind velocities high enough 

to transport sand grains

Effective precipitation (P/PE) = Ratio of total precipitation (P) over 
potential evapotranspiration (PE)
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May 20 Windstorm, Red Mesa, NN
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Presenter
Presentation Notes
Salsola (Tumbleweeds) have been imported with hay during periods of drought, when people are supplementing feed to their livestock due to poor rangeland conditions. This is a period of time when there is plenty of bare, disturbed ground that these invasive plants can colonize. This invasive annual plant requires minimal moisture to germinate, and is designed to detach and blow away during windy periods. The relation of dune mobility to vegetation may be altered due to the recent appearance of this plant, because it replaces native dune vegetation, does little to provide surface stability to dunes, and is poor rangeland forage. 
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NDVI
Normalized Difference Vegetation Index 

Measures relative vegetation productivity from AVHRR Satellite 
data

Applicable to various vegetation bio-types 

Used to assess vegetation response to precipitation in US 
Great Plains, Chihuahuan Desert, and Kalahari of Botswana

Presenter
Presentation Notes
The current methods have used the normalized difference vegetation index, which indicates:Surface vegetation productivity, has a 1.1 km resolution, and was obtained from the Office of Arid Lands.The ultimate goal of using NDVI is to measure the vegetation response time to drought.
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Presenter
Presentation Notes
Our work has found a link between higher spring temperatures and vegetation die-off on sand dunes. This relationship has important implications for future effects of climate change as the southwestern United States becomes warmer. We hypothesize that warmer spring temperatures produce earlier plant growth, and subsequently a longer period of plant growth before moisture arrives during the summer monsoon.
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Dune Deposits on the 
Great Plains

Presenter
Presentation Notes
Dune deposits also exist in the Great Plains, and therefore, tribes such as the Rosebud Sioux could be affected by dune mobility.
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Extremes are what we feel
•Understanding variability will help us 
understand impacts

•Tribal lands need their own data – our local 
climates are important and have been 
impacted by land use and climate change

Land use and climate change effects 
are linked
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Impacted life-ways
 Raising sheep
Growing corn
 Plants needed for 

ceremonies

Impacted quality of life
Water quality and 
quantity
Respiratory and other 
health effects of sand and 
dust
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Climate Change Impacts

• Loss of Native plants

– Medicines

– Healthy rangeland

– Lodgepole pine

– Cottonwoods
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• Magnified drought conditions for Western U.S.
– Navajo Nation: 1oC warming = 2” rainfall lost to 

evapotranspiration
– More heat waves

• Less frequent rainfall, in larger storm/flood events
• Snowfall decreasing, may decrease water supplies 

– Run-off for water supplies much less reliable
• Invasive plants opportunistic, “invade” areas where 

native plants are stressed 
– Loss of culturally significant plants and grazing land
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