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Presentation Notes
Thank you…My name is Amanda Sheffield, and I am a regional drought information coordinator for NIDIS, my region covering CA-NV. The NIDIS program was authorized by Congress in 2006 (Public Law 109-430) with an interagency mandate to coordinate and integrate drought research, building upon existing federal, tribal, state, and local partnerships in support of creating a national drought early warning information system.As coordinator I get to work with a great bunch of partners, many in this room. And I get the benefit of getting to know a little bit of everything related to drought in the region.
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Source: CA DWRSource: CA DWR, lake Orville Sept. 30, 1977

2011-2017 Drought & Impacts

2011-2017 Drought Mechanisms Moving Forward
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Presentation Notes
Outline…Sources: https://www.water.ca.gov/LegacyFiles/watertransfers/docs/9_drought-1976-77.pdfhttps://www.nsf.gov/news/news_images.jsp?cntn_id=132709&org=NSF
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Presentation Notes
So how does the 2011-2017 drought fit within California’s history?California is no stranger to a lack of rain and dry ground. Since record keeping starting in 1895, the state has suffered through several extended periods of dry weather, some more severe than others. Past big drought: 1929-1934, 1976-1977, 1987-1992, 2007-2009The two longest-duration droughts both lasted at least five years, from 1928 through 1934 and from 1987 through 1992. A more severe, shorter-duration drought, considered the benchmark drought in the last 50 years by many, took place from 1975–1977. 3 SIGNIFICANT DROUGHTS IN 2000s: 2000-2003, 2006-2009, most recent. SHORT WETTER PERIODS, SHORTER TRANSITIONAL PERIODSThe ongoing California drought lies within a larger scale context whereby, at any one time, drought has been afflicting much of southwestern North America since the end of the 1990s Sources:https://wrcc.dri.edu/wwdt/time/(other option: https://www.ncdc.noaa.gov/cag/statewide/time-series/4/pcp/12/9/1895-2018?base_prd=true&firstbaseyear=1901&lastbaseyear=2000 )Coefficient of variation (the standard deviation divided by the average) of total precipitation based on water year data from 1951-2008 (Dettinger et al. 2011).Table from 2014 Service Assessment



California’s History with Drought

Source: https://wrcc.dri.edu/Climate/soi_precip.php
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Presenter
Presentation Notes
Predictability is difficult, ENSO often used. Circled the years we’re talking about here. And the distributions are varied across the state, here showing SJV and Central Coast (LN signal stronger in SoCal).



How is Drought Defined?

Source: http://drought.unl.edu/droughtbasics/typesofdrought.aspx
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Presentation Notes
There is no universal definition of droughtIn the most general sense, drought originates from a deficiency of P over an extended period of time--usually a season or more--resulting in a water shortage for some activity, group, or environmental sector. Its impacts result from the interplay between the natural event (less P than expected) and the demand people place on water supply, and human activities can exacerbate the impacts of drought. Because drought cannot be viewed solely as a physical phenomenon, it is usually defined both conceptually and operationally.LEFT figure: GENERIC types of drought (PHYSICAL vs SOCIOECONOMIC), time scale, and impacts. REGIONAL SPECIFICITY.Source: http://drought.unl.edu/droughtbasics/typesofdrought.aspx



How is Drought Defined?
Crausbay et al. 2017: Defining Ecological Drought for the Twenty-First Century

https://journals.ametsoc.org/doi/pdf/10.1175/BAMS-D-16-0292.1  
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Presentation Notes
Recent ways to look at stressors on the system.Hint at a few others and do snow drought later?https://journals.ametsoc.org/doi/pdf/10.1175/BAMS-D-16-0292.1



2011-2017 Drought

2012 2013 2014 2015 2016 2017

California Percent Area in Drought According to the U.S. Drought Monitor
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D0 Abnormally Dry 21-30

D1 Moderate Drought 11-20

D2 Severe Drought 6-10

D3 Extreme Drought 3 - 5

D4 Exceptional Drought 1 - 2
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Presentation Notes
WATER YEARS timeline (not calendar years)Explain one representation of drought. Process takes in 50-60 indicators and impact informationStats on the drought:2012-2015 stand as California’s driest 4 consecutive years in terms of statewide precipitationTime of record warmth, new records set for 2014 and 2015But, a new study by NOAA NCEI scientists suggests that from the longer-term view of paleoclimate records, the southern Central Valley and South Coast parts of the state saw their worst dry spell in nearly 450 years.



Beginning of Drought
2012 2013
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Water Year 2011
Precipitation Percent of 1981 – 2010 Normal

Water Year 2012
Precipitation Percent of 1981 – 2010 Normal

Water Year 2013
Precipitation Percent of 1981 – 2010 Normal

Presenter
Presentation Notes
Wet WY 2011, which helped alleviate the 2007-2009 droughtDecember 2011 -> 2ND second driest December in California, with many locations experiencing record or near-record dry conditions. Fresno had received no measurable precipitation for the second time since last recorded in 1878, and downtown San Francisco third driest December since 1849. By the end of 2011, California had a growing abnormally dry (D0) and moderate drought (D1) area leading to the eleventh driest start to the water year in the 1985-2011 record.By April 2012, about 50% of California was experiencing severe drought (D2). Extreme heat exacerbated conditions through the summer, with temperatures especially intense in parts of southern California.From December 2012 through February 2013, California received below-average winter precipitation in the regions that needed it most, and drought persisted. At the end of February, about 74% of the state was in at least moderate drought (D1). The spring 2013 drought outlook brought no good news, predicting that drought would expand into other parts of California. There was less rainfall in the state in 2013 than any other year on record, which severely threatened fisheries and agriculture as water allotments, soil moisture, and reservoir storage were depleted.



Middle of Drought
2014 2015
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Water Year 2014
Precipitation Percent of 1981 – 2010 Normal

Shukla et al. 2015: If WY 2014 
temperatures resembled the
1916–2012 climatology, there 
would have been at least an 
86% chance that winter SWE 
and
spring-summer soil moisture 
and runoff deficits would have 
been less severe
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Presentation Notes
For California, 2013 was the driest calendar year ( January through December) in the 100 year record, and marked the only time the statewide average for calendar year total precipitation failed to exceed 10 inches, based on values computed by the National Climatic Data Center (NCDC). California also experienced its warmest calendar year on record in 2014, based on data collected by NCDC. Warming increases evaporative loss, raises water demand and reduces snow pack. The persistent heat throughout the year exacerbated drought conditions as evaporation removed much-needed water from the landscape and helped deplete already low reservoir levels. These reservoirs are largely fed by water in the mountains, especially the Sierra Nevada and southern Cascades. According to data obtained from the California Department of Water Resources (CA/ DWR), the average April 1, 2014, snowpack was 9.4 inch snow water equivalent or 31% of normal. Snowpack (up to highest terrain) in early May 2014 was 10% or less of average. Snowpack has not been this low since 1976–77, which was also the second driest water year on record in California. Comparing the eight-station northern Sierra index for 1976–77 and 2013–2014 suggests this past year was much wetter, but little precipitation went into snowpack. The lack of snowpack has impacted flows on rivers. Runoff volumes on major rivers in 2014 ranged from around 10% to 50% of average for the water year END OF WY 2014: 154 reservoirs in California held 57% of average and 36% of capacity. Source: https://www.ncdc.noaa.gov/temp-and-precip/us-maps/12/201409?products[]=nationaltavgrank&products[]=nationaltmaxrank&products[]=regionaltavgrank&products[]=statewidetavgrank&products[]=divisionaltavgrank#us-maps-select



Middle of Drought

Low water drought conditions at Folsom Reservoir on January 26, 2014. 
Water levels were at 33% of the historical average and 17% of capacity. 
Source: California DWR.

Governor Brown Declares Drought State of Emergency
January 17, 2014

Governor Brown Issues Executive Order to Redouble State Drought 
Actions

April 25, 2014
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Reservoirs lowering, and by January 2014, mountains were nearly bare of snow except at the highest elevations. These precipitation deficits were most severe in southern California and in the mountains Ranchers with no pasture for their cattle were forced to sell their herds, and small blazes in forests that typically have abundant snow that time of year. By mid-January, over 60% of California was experiencing extreme drought. In response to the expected impacts of the exceptionally dry winter to date and depletion of reservoir storage from prior dry years, Governor Jerry Brown, Jr proclaimed a statewide emergency due to drought on January 17, 2014.   For WY 2014, California received its first significant storm four months later in early February 2014, which brought 8-15 inches of water to a few counties north of San Francisco and to the western slopes of the Sierra Nevada. February also closed with a major storm falling most heavily on coastal and southern California, but missing several key watersheds.Drought intensified again in March, and on April 25, 2014, Governor Brown issued an executive order to redouble the state drought actions, emphasizing the need to avoid wasteful water use practices.Poor spring snowpack conditions helped set the stage for a brutal summer. The last snow survey in May 2014 reported snowpack of only 18% of average; by the end of the month, the snowpack water equivalent decreased to almost zero.Laid a solid foundation for the drought to reach a historic level. For example, in Fresno, the total October–September water year precipitation for the last three water years (from 2011–2012 through 2013–2014) was 18.82 inches. This ranks as the driest three consecutive water years ever on record dating back to 1878, breaking the previous record low of 19.79 inches set during the 1931–1932 through 1933–1934 water years. After three consecutive below normal water years across the vast majority of the state, most weather stations showed total precipitation deficits equivalent to a year and a half of precipitation or more. This includes some of the wettest areas of the state in northern California, where the three-year total precipitation departure has exceeded 70 inches. 



Middle of Drought
2014 2015

11

Water Year 2015
Precipitation Percent of 1981 – 2010 Normal
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Move into WY 2015By September 23, 2014, 82% of California was in at least extreme drought, with 58% in exceptional drought.Source: https://scripps.ucsd.edu/programs/cnap/wp-content/uploads/sites/109/2017/02/SoCalDrought7.pdf



Middle of Drought
2014 2015

March 27, 2010 March 29, 2015
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Source: CA DWR

5 % of Average
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California's March 2015 snow cover was significantly depleted as the state headed into another year of drought.  The Tuolumne River Basin's snowpack level was just 74,000 acre-feet (24 billion gallons). This may seem like a lot, but only a year prior, the basin's snowpack was 179,000 acre-feet. On April 1, 2015, Governor Jerry Brown joined the California DWR Director Mark Cowin and DWR Frank Gehrke, chief of the California Cooperative Snow Surveys Program, for the annual Sierra snow survey. The DWR has measured the Sierra snow depth on April 1 since 1941, with an average of 66.5 inches. The 2015 measurement was record-breaking: the first with zero snow. Statewide, the snowpack's water content was 5% of average.
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Dry snow drought: 
Below average precipitation, 
below average snow water 
equivalent

Warm snow drought: 
Above average precipitation, 
below average snow water 
equivalent

Dry Warm

Hatchett and McEvoy (2018)

Defining Snow Drought

Presenter
Presentation Notes
One of many papers, led to new definition…Elevation matters! Tracking through the season matters! Think more broadly how we look at snow accumulation.Figure Caption: (a) Scatterplot of PRISM October–March accumulated P and snow course SWE for 1 Apr during the period spanning WY1951–2017 as a percentage of 1981–2010 medians. Each dot represents a different snow course. All years are shown in gray with identified snow droughts colored. WY2017 (black dots) is also shown since, although it failed to be classified as a snow drought on 1 Apr, snow drought conditions were present during November– December.https://journals.ametsoc.org/doi/pdf/10.1175/EI-D-17-0027.1What is SWE?Snow Water Equivalent (SWE) is a common snowpack measurement. It is the amount of water contained within the snowpack. It can be thought of as the depth of water that would theoretically result if you melted the entire snowpack instantaneously.  For example, say there is a swimming pool that is filled with 36 inches of new powdery snow at 10% snow water density. If you could turn all the snow into water magically, you would be left with a pool of water 3.6 inches deep. In this case, the SWE of your snowpack would equal 36" x 0.10 = 3.6 inches. The NRCS measures SWE at many remote SNOTEL sites and uses the data for streamflow forecasting. However, many scientists and recreationists are interested in snow depth instead of SWE. The relationship between the two values is explained here.[SWE] ÷ [Density] = Snow Depthhttps://www.nrcs.usda.gov/wps/portal/nrcs/detail/or/snow/?cid=nrcs142p2_046155



Middle of Drought

Source: http://pacinst.org/wp-content/uploads/2015/08/ImpactsOnCaliforniaDrought-Ag.pdf

Source: NASA
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GROUNDWATER IMPACTS



Middle of Drought

15Sutter County, California (January 2014). 
Source: Macon et al. 2016

Source: UC Davis Center for Watershed Sciences
https://watershed.ucdavis.edu/files/biblio/Final_Drought%20Report_08182015_Full_Report_WithAppendices.pdf
https://watershed.ucdavis.edu/files/content/news/Economic_Impact_of_the_2014_California_Water_Drought.pdf
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Presentation Notes
AG AND RANGELAND IMPACTSRead tablesUC Davis: https://watershed.ucdavis.edu/files/content/news/Economic_Impact_of_the_2014_California_Water_Drought.pdfhttps://watershed.ucdavis.edu/files/biblio/Final_Drought%20Report_08182015_Full_Report_WithAppendices.pdf------Back image Macon et al 2016As California ranching is largely dependent on rain-fed systems, as opposed to groundwater or stored water, it is very vulnerable to drought. In fact, rangeland livestock ranchers were among the first affected by the abnormally warm, dry winters at the beginning of the current multiyear drought.California’s estimated 34 million acres of grazed rangelands provide the backbone of support for many livestock commodities in the state, spring 2013 and fall 2014, semistructured interviews with experienced ranchers across the state. ” Seventy-six percent of the 60 ranchers we interviewed in 2013 stated they expected to see impacts to their operations if the then-emerging, severe drought conditions persisted into the coming year, and 35% of those interviewed expected devastating impacts to the viability of their operations if drought conditions persisted. Early in our interview process, several ranchers interviewed noted that a statewide severe drought would exacerbate the effects of earlier consecutive droughts in their regions. As one rancher stated in early 2013, “I’ve never seen one like this before—this is the worst we’ve ever experienced in our area. I hope we don’t see another one like this in our lifetime.”many ranchers did note the record high cattle prices differentiated the current drought from the last severe drought of the mid-1970s. One rancher stated, “Fortunately the cattle market's been really good in the last couple of years… that’s been one thing that’s saved us.”Moved up critical destocking decisions (march-april to jan-feb)https://ac.els-cdn.com/S019005281630027X/1-s2.0-S019005281630027X-main.pdf?_tid=17e9ba8d-a50f-4f1c-9775-7b5402a32bf1&acdnat=1522261849_fab624e406e16fc2cc431903263436a6



Middle of Drought

16Sutter County, California (January 2014). 
Source: Macon et al. 2016

Ventura et al. 2016
Chaparral Morality

Presenter
Presentation Notes
LANDSCAPE AND FISH impactsChaparral is the most abundant plant community in California and the shrubs that dominate this community are adapted to hot and dry summers and periodic firesThese large scale die-offs impact the structure, composition and dynamics of plant communities; impacts that consequently alter ecosystem function and threaten biodiversity and the wellbeing of humansNew fisheries model of shasta Ts



Middle of Drought
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Community Assessment for Public Health Emergency 
Response (CASPER) addressing the California Drought
Tulare County, Mariposa County October 2015

“Extent of health effects associated with this natural disaster depends not 
only on the drought severity and duration, but also on the underlying 
population vulnerability and resources available to mitigated the effects as 
they occur.”

(quality/quantity of potable water, diminished living conditions, adverse 
mental and behavioral outcomes, increased disease incidence, including 
infectious diseases, job loss/poverty)

Source: https://www.cdc.gov/nceh/hsb/disaster/casper/states/ca.htm Coopersmith et al. 2017

(Valley Fever)

Presenter
Presentation Notes
PUBLIC HEALTH IMPACTSRapid needs assessment, CDPH and CDCCoopersmith:situ soil moisture gauges, U.S. Climate Reference Networkconnects periods of higher and lower soil moisture in Arizona and California between 2002 and 2014 to the reported incidence of Valley Fever. The results indicate that in both states, valley fever incidence is related to soil moisture levels from previous summers and falls. In both states, drought tends to correlate with higher incidence of reported valley fever in the following year, whether that be a drier foresummer monsoon season in Arizona or a drier winter/spring in California. In Arizona, these impacts tend to be noticed earlier in the subsequent year, whereas in California, these impacts are noted later in the year.



18Source: California Drought 2014 NOAA Service Assessment

Causes and Predictability of the 2011-
2014 California Drought

Presenter
Presentation Notes
Before I move onto end of drought…California, and most of the western U.S., has had below normal precipitation anomalies for all of the last three winters. Parts of the central and eastern U.S. were, in contrast, wet during these winters. An area of high atmospheric pressure offshore of California persisted during the cooler seasons in 2012–2013 and 2013–2014. This ridge frequently blocked storm systems from the Pacific from moving into California, The dominance of this ridge was likely influenced by larger-scale atmospheric and oceanic patterns, including sea surface temperature trends. https://cpo.noaa.gov/Portals/0/Docs/MAPP/TaskForces/DTF/california_drought_report.pdf



Causes and Predictability of the 2011-
2014 California Drought
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Sea Surface Temperature Anomalies

Precipitation Anomalies (mm/day)

Contours = 200 mb height anomalies

Seager et al. 2014
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Presentation Notes
Explain FIGURESThe results so far have suggested that, while California dry winters in general, might arise from internal atmospheric variability, the past three dry winters likely contained a component of ocean forcing. The winter of 2011-12 is easiest to explain in that there was an ongoing La Niña event and this forced circulation anomalies that made California dry consistent with a weak La Niña connection to California winter precipitation. The dry winters of 2012-13 and 2013-14 were, however, ENSO-neutral and different. These examinations of the observed conditions during the three year drought suggest that it arose from a series of winter circulation anomalies all of which involved high pressure over the North Pacific immediately upstream from California, and which can be expected to be associated with dry, subsiding air and a lack of moisture-bearing low pressure systems, but with the conditions in each winter not exactly like the other two. It also suggests that the strong SST anomalies in the North Pacific Ocean were themselves forced by the atmospheric circulation anomalies and, hence, not causal. This suggests that, even if there is an SST-forced component to these anomalies, according to the models, this is not a full explanation leaving a potential and important role for a coincident and constructive influence of internal atmosphere variability.In the following two winters, 2012-13 and 2013-14 (Figures 8 and 9), the eastern equatorial Pacific SST anomalies had weakened to near normal. Despite this most of the models still placed a high pressure anomaly over the west coast, especially in winter 2013-14. In this case the high, over the North Pacific Ocean, is far to the north of the typical La Niña-forced high. Given that the ridge is associated with a low height anomaly over the subtropical western Pacific, there is some hint that these may be a wave pattern forced from the tropical to subtropical Indo-west Pacific region. These results quite strongly indicate that the west coast ridge pattern of winter 2013/14 was to some extent forced by the anomalously warm west tropical Pacific SSTs of the past winter. These SST anomalies cause increased precipitation and, hence, atmospheric heating above them which can force a Rossby wave that propagates towards North America creating a ridge and depressed precipitation there. However, returning to the analysis of the simulations of the past winters, it should be noted that the height anomalies at the west coast are weaker than those observed. Therefore, despite the importance of this third mode of SST-forced variability, internal atmospheric variability also likely played a role that worked constructively with the SST-forced component to create the observed strength of anomaly.  Conclusions The current drought, though extreme, is not outside the range of California hydro-climate variability and similar events have occurred before. Although there has been a drying trend in California since the late 1970s, when considering the full observational record since 1895, there is no appreciable trend to either wetter or drier California winters. In general, dry California winters are caused by a ridge near and off the west coast that appears as part of a mid-latitude wave train with no obvious forcing from the ocean either in the mid-latitudes or the tropics. In contrast, wet California winters tend to occur during El Niño events and with a trough over the eastern North Pacific Ocean. However the association with El Niño is not strong and not all wet California winters are during El Niños. Notably, the serious California drought of 1976-77 occurred during a reasonably strong El Niño event. Despite the general role of internal atmosphere variability in driving dry California winters, the probability for occurrence of three consecutive dry winters for statewide California precipitation during 2011-14 was significantly increased by the influence of varying sea surface temperatures. This is evidenced by the fact that all seven SST- forced models examined produced dry west coast winters when forced with the observed SST anomalies. Winter 2011-12 appears to have been a case of forcing from a La Niña event. In contrast, the winters of 2012-13 and 2013-14 appear to have been forced, significantly, by a pattern of warm SST anomalies in the western tropical Pacific Ocean. In response to this SST anomaly, the models produce a positive precipitation anomaly above that forces a wave train that arches northeastward to North America and has a ridge and reduced precipitation over the west coast, includ�ing California. In addition the late 1990s shift to more La Nina-like conditions in the Pacific Ocean has created a decadal drying trend that is well reproduced by the models. This recent trend due to Pacific decadal variability accounts for a small portion of the observed drought and a much larger portion of the modeled droughts. • As such, evidence for predictability of the recent California drought, at least on a year- by-year basis, was found using the climate model analysis. The predictability was highest during 2011-12 winter when La Niña conditions prevailed, though considerable predictability was also identified during the subsequent two ENSO-neutral winters. • The SST-wave train-west coast ridge and dry climate anomaly during the past two winters is not unique but appears in all the models as the third EOF of the ensemble mean, i.e. the third mode, after ENSO and Pacific decadal variability, of the ocean- forced component of atmospheric variability. However, this mode explains relatively little of the total variability and its leading role in the past two winters is unusual since it is more likely to co-occur with, and be obscured by, the two more leading modes. • For the three-year period 2011-14, the cumulative deficit of CA precipitation could not be explained by SST forcing alone, but also arose from strong internal atmospheric variability. Our diagnosis of over 150 realizations of model simulations indicates less than half of the drought intensity resulted from potentially predictable SST forcing, while more than half was related to purely atmospheric-driven variability. The latter fraction is judged not to be predictable at long leads given current capabilities for climate prediction. • More generally, examining the entire available histories of overlapping observations and model simulations, there is a strong indication that up to a third of California winter precipitation variance is driven by SST anomalies. This skill in hindcasting California precipitation is nonetheless highly model-dependent with some models having essentially zero skill. Further, for the past three winters the models seemed better able to capture the amplitude of the West Coast �ridge than the associated California precipitation reduction. Clearly much work needs to be done to determine the extent and origin of the SST-forced component of California precipitation variability, and the links between the precipitation and circulation variability. • Diagnosis of CMIP5 models indicates human-induced climate change will increase California precipitation in mid-winter associated with an increase in westerly flow entering the central Pacific West Coast and a low pressure anomaly over the north Pacific. However, for the current decade the projections indicate a weak (less than 0.1 mm/day) drying which arises from drying in the later part of the winter half-year that is greater than wetting in the earlier part. This radiatively-forced signal is an order of magnitude smaller than the observed three-year average anomaly. The recent severe all-winter rainfall deficit is thus not a harbinger of future precipitation change. Future California hydroclimate may nonetheless experience a reduction in surface moisture as a projected increase in evapotranspiration is larger than the projected increase in precipitation.------Figure 3 (page 9) shows maps of the 2011-12, 2012-13 and 2013-14 November through April winter half year U.S. Climate Division precipitation, NCEP Reanalysis 200mb geopotential heights and SST anomalies, all relative to the common 1949 to April 2014 period. California, and most of the western U.S., has had below normal precipitation anomalies for all of the last three winters. Parts of the central and eastern U.S. were, in contrast, wet during these winters. SST conditions were also similar for the last three winters. 2011-12 had quite striking La Niña conditions with SSTs colder than normal by up to 1K, along with the classic La Niña pattern of cold SSTs along the western coast of North America and warm SSTs in the central North Pacific Ocean and far western tropical Pacific Ocean. The La Niña waned in winter 2012-13 leaving weak tropical SST anomalies and much weaker North Pacific SST anomalies as well. In winter 2013-14 the equatorial eastern Pacific cooled and the western tropical Pacific warmed while a strong warm anomaly developed in the central, and especially eastern, North Pacific Ocean. The geopotential height anomalies show the most obvious differences between the three winters. In 2011-12 there were low heights above the tropical Pacific, typical of La Niña conditions, and a rather zonally oriented ridge from the western North Pacific, across North America to the mid-latitude Atlantic Ocean, a pattern that is not exactly typical of La Niña winters. In 2012-13, tropical height anomalies were weaker, but there was a ridge over the North Pacific centered near the Aleutian Islands. 2013- 14 was different again with weak tropical height anomalies but with an extremely strong ridge stretching from the Bering Sea down the west coast of North America all the way to Central America and an intense trough centered over Hudson Bay. The height anomalies were in general coherent in the vertical and can be used to largely explain the North Pacific SST anomalies in terms of surface flow and heat flux anomalies, consistent with analyses dating back at least to Davis 1976 that mid-latitude SST anomalies are primarily driven by atmospheric circulation anomalies (and not vice-versa). For example, southerly flow around the North Pacific high is consistent with anomalous warming of the central North Pacific by warm, moist advection that reduces sensible and latent heat loss as well as reduced wind speed (and hence warming) on the southern flank of the anomalous high. Similar arrangements of wind and SST anomalies are seen in the other two winters, for example, the localized very warm SST anomalies in the northeast Pacific in winter 2013-14 under strong southerly wind anomalies. 



End of Drought
2016 2017

Folsom Lake, Jan. 26, 2016. Source: CA DWR
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Water Year 2016

2010-2017: 129 million dead trees

Presenter
Presentation Notes
Starting in 2016, a continuous line of storms began dropping snow across northern California and heavy rain elsewhere. On January 29, an atmospheric river dumped over 3 inches of rain across the Sierra Nevada along with at least an inch of rain falling across most of northern California. January 2016 was the best month for California snowpack since 2011. The amount of water contained in the Sierra Nevada was more than 100% of normal for this time of year.RESERVOIR levels rose: Folsom Lake reservoir ended the month at 107% of average levels, and the largest reservoirs in the state, Lake Shasta and Lake Oroville had risen in levels but remained at 77% and 67% (respectively) of normal.  Unfortunately, the heavy rain ended with a record dry February, interrupting all of the progress made in busting the drought, especially in Southern California. With one of the top 3 strongest El Niños on record in the winter of 2015 and 2016, scientists had eagerly expected that California would be bombarded with non-stop storms. The jet stream shifted further north during the massive El Niño, soaking the Pacific Northwest and moistening Northern California with slightly above average precipitation, but leaving Southern California out to dry. By the end of March, over 70% of California was still experiencing at least severe drought.  IMPACTS SUCH AS….In November of 2016, the U.S. Forest Service stated that 62 million trees died during the past year in California, with the severe drought being a major contributing factor. This was a 100% increase in tree mortality compared to 2015. This image shows the progression of tree mortality in California from 2014 to 2016 based on aerial surveys. Source:USDA/USFS



End of Drought
2016 2017

April 7, 2017: Governor Jerry Brown lifted the statewide proclamation of 
emergency due to drought, but kept in place state-designated conditions of 
emergency for certain Central California counties still experiencing drought 
impacts. 21

January-February 2017
Precipitation Percent of 1981 – 2010 Normal

Presenter
Presentation Notes
Luckily, the rain returned in the beginning of 2017, as multiple atmospheric river events hit the west coast. Rainfall in the first 11 days of January 2017 equaled about 25% of the average for an entire year in California.Towards the end of January, the rain dumped on southern California. Los Angeles received over 200% of its average precipitation since the start of the water year in October. However, by January 31, about 51% of the state was still in at least moderate drought. Even with all of January's precipitation, areas hardest hit by the drought in Southern California were still lagging.On April 7, 2017, Governor Jerry Brown lifted the statewide proclamation of emergency due to drought, but kept in place state-designated conditions of emergency for certain Central California counties still experiencing drought impacts. The record precipitation in Northern California was not as robust for the southern part of the state, and drought conditions still held on a bit especially on the south central coast and in the south end of the central valley.   



End of Drought
2016 2017

22Source: https://www.water.ca.gov/LegacyFiles/waterconditions/docs/2017/Water%20Year%202017.pdf
https://scripps.ucsd.edu/programs/cnap/wp-content/uploads/sites/109/2017/02/WY2017_twoPager.pdf

SWE in April 1st snowpacks in 2017 
relative to 1983. Values <1 (warm 
colors) are the 189 or 206 (87%) 

measurement locations where 2017 
had less SWE than 1983. SWE 

locations below 6560 ft (2000 m) was 
less than 75% of 1983.
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   FROM CNAP 2-pager: Water Year (WY) 2017 (Oct. 2016 through Sept. 2017) was California’s (CA) 2nd wettest and Nevada’s (NV) 7th wettest in a 122-year record.Historically, one of CA and NV’s wettest years was WY1983, ranked wettest in CA and third wettest in NV. Both 1983 and 2017 had extraordinary amounts of precipitation but WY2017 did not produce as much snow pack as accumulated in 1983. Looking at the observations, the differences in the WY 2017 snow pack relative to WY 1983 were mostly the lesser snowpack in 2017 at elevations below 2500 meters (8200 ft) (Fig. 4). This difference follows a trend toward rising snow levels in recent years during which median snow levels in the northern Sierra Nevada have increased by approximately 500 m since 2008. Higher snow levels can be attributed to relatively warm storms and storm interludes this last winter--as a whole. winter 2016-17 was +0.3˚F above 1949-2005 long term average.



https://earthobservatory.nasa.gov/IOTD/view.php?id=89700&src=twitter-iotd

Flooding During 
Drought
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IMPACT



International Strategy for Disaster Reduction: “Provision of timely and effective 
information, through identified institutions, that allows individuals exposed to a 
hazard to take action to avoid or reduce their risk and prepare for effective 
response.”

What is Drought Early Warning?
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Components of NIDIS Regional DEWSProvide a better understanding of how and why droughts affect society, the economy and the environment.Improve accessibility, dissemination and use of early warning information for drought risk management.Build off of a network of regional Drought Early Warning Systems (DEWS) to create a National Drought Early Warning System.From the Implementation plan:	A regional DEWS is supported by stakeholders, comprised of relevant partners and community members across the region, including universities, the private sector, and federal, tribal, state, and local entities. Stakeholders participate in the NIDIS consultation process, and they support NIDIS priorities by leveraging existing resources, programs, and partnerships. This relationship ensures a robust, “ground-up” regional DEWS that is well-networked and responsive to the specific needs of each region. NOAA and the NIDIS Program did not establish the DEWS and do not control or manage the DEWS functions or operations; rather, the DEWS constitute the continuation, and leveraging, of existing partnership networks.	While authority lies with the states to manage water resources, NIDIS facilitates local stakeholder-driven activities including: cultivating an understanding of existing observation and monitoring networks as well as decision-support tools; identifying research, data collection, and monitoring gaps and needs; planning for and mitigating the effects of climate extremes; and conducting education and outreach through webinars, workshops, and other resources for decision makers, resource managers, the private sector, and the general public.



FORECASTING 
OPPORTUNITIES

COMMUNICATION & 
CAPACITY BUILDING 

OPPORTUNITIES
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CA-NV DEWS 
June 2017 
Coordination 
Workshop

DROUGHT MONITORING 
OPPORTUNITIES

Improve seasonal prediction
Build Full Natural Flow water resources modeling
Enhance NOAA internal coordination of drought services
Promote and implement sub-regional watershed-specific projects
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And other assessments out thereCommunication & capacity building opportunities:Communicate best available tools and how can be used for informed decision making.Develop sector based communication approaches, including engaging sector leaders so they can communicate sector impacts.Create communication networks that move from the drought upwards.Facilitate communication and integration of risk and uncertainty information for better decision making. Facilitate understanding of how drought information (such as U.S. Drought Monitor) feeds into state and local decision making. Facilitate “common ground” between information development and consumer. Forecasting opportunities:Coordination of stakeholder forecasting tools needs and comprehension. Develop accessible skill assessments of seasonal forecasts, including of streams, groundwater, ET, soil moisture. Hydrological forecasting products for variables such as snow and soil moisture. Examine applications of historical performance of forecasts to drought scenario planning.Advocacy for more parameter availability for expanded forecast analysis.Drought Monitoring opportunities:Create opportunities for integration and assessment of monitoring across agencies and sectors as pertains to drought. Support a collaborative monitoring organization.Facilitate the correlation between measured drought parameters and regional/sector specific impacts.Standardize and motivate regional impact reporting. 



Amanda M. Sheffield, PhD
Regional Drought Information Coordinator

NOAA/NIDIS; SIO/UCSD
amanda.sheffield@noaa.gov
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