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Presenter
Presentation Notes
The impact of climate must be included in all evaluations of water availability in Minnesota. Human activity aside, surface and groundwater quantity is driven by the balance between input from precipitation and losses due to evapotranspiration. Minnesota is a headwaters state. Nearly all of the state’s surface water or groundwater resources are the result of precipitation that fell directly upon our landscape. Water does not flow in from elsewhere. Therefore, knowledge of Minnesota's climate provides important insight into water availability issues.


The Fate of Precipitation in Minnesota
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Presenter
Presentation Notes
This pie chart is a modification of the original graphic presented at the September 30 stakeholders meeting. The original graphic offered a coarse quantitative breakdown (76%, 22%, 2%) of the average annual partitioning of precipitation in Minnesota. As demonstrated in Dr. Erik Smith’s presentation to the stakeholders group on October 21, my original graphic was a gross oversimplification of a highly spatially-variable and temporally-variable process. The qualitative pie chart in this slide is offered as a replacement to be used as a visual aid to emphasize that evapotranspiration is by far the largest “consumer” of precipitation. Quantitative analyses of groundwater recharge values can be found in USGS publications (Smith and Westenbroek, 2015 ) (Delin and Falteisek, 2007).  GJS 11/2/2015

Text from September 30 presentation:
This pie chart offers an approximation of how precipitation is partitioned in Minnesota. By far the greatest share of annual precipitation is returned to the atmosphere as vapor by the process of evapotranspiration, the combination of transpiration from leaf surfaces and evaporation from the land and open water surfaces. The soil profile, and therefore the plant roots, claim “first mortgage” on precipitation. Minnesota’s surface and groundwater resources are supplied by the water that is not returned to the air.


Water quantity reflects a balance between
precipitation and losses due to evapotranspiration

Annual Precipitation minus
Potential Evapotranspiration



Presenter
Presentation Notes
Climate is a primary driver of Minnesota’s water supply, dictated by the balance between input from precipitation and losses due to evapotranspiration. Due to its position in the continent, Minnesota is located on the boundary between the semi-humid climate regime of the eastern U.S., and the semi-arid regime to the west. Semi-humid climates are areas where average annual precipitation exceeds average annual potential evapotranspiration. This is reflected in the relative abundance of water resources, and areas of hardwood forests as the prevalent native vegetation to our east. In semi-arid areas to our west, potential evapotranspiration exceeds precipitation on average, leading to more limited water resources and features prairie grasses as the native vegetation. Minnesota lies on the boundary between the climate regimes. The transition cuts the state roughly into east-west halves. Note the particularly sharp gradient in west central Minnesota counties such as Becker County.


Minnesota’s highly variable climate

Minnesota’s continental position leads to significant ...
« differences across space
« differences over time
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Presenter
Presentation Notes
Because it is located near the center of the North American continent, Minnesota is at a climatic crossroads. Cold, dry continental polar air dominates the winter season, occasionally replaced by somewhat milder maritime polar air. During the summer, hot and dry continental tropical air masses from the desert southwest share predominance with warm and moist maritime tropical air that originates over the Gulf of Mexico. The spring and fall seasons are transition periods composed of alternate intrusions of air from various sources. The diverse nature of the air masses impacting Minnesota's climate leads to a high degree of variability across space and time.


Climate variability across space

Normal Annual Precipitation
1981-2010

MNDNR State Climatology Office - May 28, 2015
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Presentation Notes
This map exemplifies of Minnesota’s climate variability across space. The primary source of moisture for precipitation in Minnesota is the tropical maritime air that moves into the state from the south and southeast. The spatial variation of average (normal) annual precipitation across Minnesota is determined by proximity to these moist air masses coming northward out of the Gulf of Mexico. Therefore, southeastern Minnesota, closer to the Gulf,  averages above 34 inches, and receives considerably more precipitation than northwestern Minnesota, where average precipitation totals are less than 20 inches.


Climate variability over time

Minnesota Annual Precipitation
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Presenter
Presentation Notes
We also have observed tremendous climate variations over time. Given the multiple air mass scenarios affecting Minnesota, wide ranges of climatic outcomes are the norm. "Normal" is merely a mid-point about which we fluctuate. This figure depicts annual precipitation totals for the state as a whole. A striking feature of this time-series is the range of values. The second lowest annual precipitation total over the 120-year period was just under 16 inches in 1976. Only one year later, average state-wide precipitation totaled nearly 34 inches, the highest on record! Multi-year periods of similar weather also stand out in the climate record. For example, annual precipitation totals show a distinct drying pattern from the turn of the century though and including the "Dust Bowl" years of the 1930's. Note the relative lack of "wet“ years over that period. Beginning in roughly 1940, the precipitation trend takes a ladder-step up to an era of tremendous variation including episodes such as the 1976 drought and the extraordinarily wet period in the mid-1980's.

It is important to note that the extremes should not be considered as aberrations, but rather treated as an inherent component of a continental climate. Knowing that extremes are not only possible, but likely to occur. This knowledge helps to shape decisions that lessen their impact.


Climate variability over time
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Presentation Notes
Another example of climate variability over time is Minnesota’s drought record. One measure of drought is the Palmer Drought Severity Index (PDSI). The PDSI compares precipitation and temperature data with the observed database to place drought conditions in historical context. The temperature data are used as a proxy for evapotranspiration data. This graph shows Minnesota’s drought history: including the long-lasting and intense drought of the Dust Bowl era, the drought of 1975-1976, and our most recent intense drought, that of the late 1980s. Note the relative lack of drought frequency and intensity since the late 1980s. This graphic depicts statewide conditions, and of course we’ve had regionally isolated drought conditions since 1989. However, there is an entire generation of water resource managers whose careers have not overlapped with widespread, debilitating drought.


Climate variability across space and time

Total Precipitation
Departure from Normal U.S. Drought Monitor August 18, 2009

\June 1, 2008 = August 17, 2009 M i n neSOta (Released Thursday, Aug. 20, 2009)
Valid 7 a.m. EST

Intensity:

D0 Abnomally Dry

DDDDDDDDDDDDDD

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

Author:
Laura Edwards
Western Regional Climate Center

2RO

http://droughtmonitor.unl.edu/

State Climatology Office - DNR Division of Ecological and Water Resources



Presenter
Presentation Notes
In addition, precipitation patterns in Minnesota often change abruptly within a given year or season. Weeks of wet weather can be followed by extended periods of dry conditions. Periods of anomalously wet or dry weather can have significant impact on the landscape and water levels. Here’s an example of a climate scenario depicting a high degree of variation over space as well as demonstrating conditions that were relatively rare in the historical database. For the 15-month period ending in August of 2009, precipitation totals in the northeast metro were 12 to 16 degrees below the historical average. This occurred during a period of time when locations as close as St. Cloud received above-average precipitation. By mid-August, the U.S. Drought Monitor depicted the east metro as undergoing “Extreme Drought” (the red coloring).  The Extreme Drought designation is considered to be a one-in-twenty year occurrence. This climate feature extended well into northwest Wisconsin and is part of the White Bear Lake lake level story.
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Presenter
Presentation Notes
In the previous slide, I mentioned that the 2009 drought measure was deemed to be a one-in-twenty year occurrence. The concept of “recurrence interval”, “return period”, etc. appears frequently in the world of climatology and hydrology. It will come up on in Greg’s hydrology presentation that follows mine. Placing weather and hydrology events in historical context has tremendous value. It permits the assessment of a situation in quantitative terms, and avoids the natural human tendency to remember only the most recent scenarios. Possessing historical data also greatly benefits planning. Long-range projections of climatic or hydrologic conditions are currently beyond the reach of science. Therefore, we use the past to provide planners with historically-based probabilistic data to prepare for uncertain future events. This allows the planner to blend statistical data and their tolerance for risk in order to make decisions.

This graphic offers a simple-minded example of using data to provide probabilities. Recall the earlier graph showing year-by-year state-averaged annual precipitation data for Minnesota. I’ve sorted those data from lowest to highest, and plotted a cumulative frequency distribution. If someone needed to make a decision based on statewide annual precipitation totals, they would see that all the values over the course of time have been greater than 15 inches. If this hypothetical decision required the precipitation total to be greater than 22 inches, the planner would find that this occurs more than 90 percent of the time. Perhaps that is an acceptably low risk for them and they would plan accordingly.


100-year 24-hour Rainfall Event
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Recurrence interval calculations show up frequently in climatology and hydrology. We commonly hear about a 100-year floodplain, or a 100-year rainstorm. Here’s a map of rainfall totals, over a 24-hour period, that have an “average recurrence interval” of 100 years. As an example, this map indicates that a given location in the metropolitan area has a one percent chance receiving seven or more inches of rain over a 24-hour period. This is the so-called “100-year” rainfall total. It does not mean that an event of this magnitude occurs only once each century. Rather, it is a presentation of probability. Maps such as these allow engineers and water resource managers to incorporate risk management into design and planning, and to place observed extreme events in the context of history.
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