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Project Overview
Project Synopsis: 
Recent extreme drought events devastated the Missouri River Basin, resulting in record-setting wildfires and agricultural production losses exceeding $2.6 billion. Building on a previous term, this project further developed the framework for a monthly Composite Moisture Index (CMI) to enhance forecasting of summer drought and flood conditions for the Montana Climate Office and the NOAA National Weather Service (NWS) Missouri Basin River Forecast Center (MBRFC). The improved CMI will inform decision-makers in the Missouri River Basin to better prepare for increasingly frequent drought and flood events in a changing climate.

Abstract:
The Missouri River Basin is a major global breadbasket, containing large amounts of agricultural land. Recent devastating weather events have motivated regional organizations to dedicate efforts to drought and flood monitoring and early warning systems. The DEVELOP team partnered with the following organizations: Montana Climate Office, NOAA National Weather Service (NWS) Missouri Basin River Forecast Center, NOAA Regional Climate Services of the Central Region, NOAA Physical Sciences Laboratory, and the US Army Corps of Engineers' Missouri River Basin Water Management Division. The team collaborated with the partners in their efforts to monitor flood and drought by enhancing a composite moisture index (CMI) for the Missouri River Basin. The CMI leverages NASA Earth observations to derive snow cover data from the Terra Moderate Resolution Imaging Spectroradiometer (MODIS) mission and snow water equivalent and snow depth datasets from the NOAA NWS National Operational Hydrologic Remote Sensing Center’s Snow Data Assimilation System (SNODAS). Building upon this framework, the team added groundwater storage data from the Gravity Recovery and Climate Experiment (GRACE) and GRACE Follow-On missions, soil moisture data from Soil Moisture Active Passive (SMAP), and United States Geological Survey in situ streamflow data to the CMI. To test the tool’s validity, the team compared the CMI results to historically extreme dry and extreme wet years, March 2017 and March 2019, respectively. The CMI accurately reflects both 2017 and 2019 climate conditions in the Missouri River Basin. The refined CMI enhances the understanding of antecedent soil moisture conditions and improves flood and drought forecasting in the Missouri River Basin before the growing season.
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Study Location: Missouri River Basin—MT, ND, SD, NE, WY, IA, MN, KS, CO, MO
Study Period: November 2000 – February 2021

Community Concerns:
· The Missouri River Basin supports the agricultural industry of the Northern Great Plains region and serves as a major global breadbasket; however, increasing global temperatures threaten agricultural productivity as drought and flood events may become more extreme or prolonged. 
· The 2017 flash drought event was unexpected. Lack of preparation played a key role in economic loss within the region. Local stakeholders became more interested in a flood and drought forecast tool that integrates multiple climate variables to aid in decision making prior to the growing season. 

Project Objectives:
· Expand the functionality and scope of the CMI produced in the first term by including monthly fall and spring stream discharge values by including an additional soil moisture dataset (GRACE) to improve the temporal resolution of the current CMI and by including in situ streamflow data from the USGS
· Establish an efficient workflow to prepare or future automation
· Performing sensitivity analysis, principal component analysis, and validation with in situ data to improve the CMI’s operational capabilities. 

Previous Term: 
2020 Fall (NCEI) – Montana Water Resources I

Partner Overview
Partner Organizations:
	Organization
	POC (Name, Position/Title)
	Partner Type
	Boundary Org?

	Montana Climate Office
	Zachary Hoylman, Research 
Hydrologist; Kelsey Jencso, Montana 
State Climatologist
	End User
	Yes

	NOAA, NWS, Missouri Basin River Forecast Center

	Kevin Low, Hydrologist

	End User
	Yes


	US Army Corps of Engineers, Northwestern Division MRBWM
	Kevin Stamm, Senior Hydraulic Engineer; Kevin Grode, Missouri River Basin Water Management Reservoir Regulation Team Lead
	End User
	No

	NOAA, Regional Climate Services, Central Region
	Doug Kluck, Regional Climate 
Services Director
	Collaborator
	Yes

	NOAA, Physical Sciences Laboratory
	Andrew Hoell, Meteorologist
	Collaborator
	No



Decision-Making Practices & Policies:  
The Montana Climate Office is equipped with climate, hydrology, and agricultural specialists who have experience using remote sensing data products.  The Montana Climate Office created the Missouri River Basin Drought Indicators Dashboard. This dashboard displays various regional climate metrics—including in situ, modeled, and remote sensing data—in order to communicate regional flood and drought conditions to decision-makers. The NWS Missouri Basin River Forecast Center (MBRFC) monitors floods and drought conditions for the Missouri River Basin and provides hydrologic forecasts to NWS Offices within the region. MBRFC also provides long-term flood and drought outlooks for water supply and dam monitoring. The US Army Corps of Engineers, Northwestern Division MRBWM office regulates the Missouri River Mainstem Reservoir System for the purposes of flood control, navigation, irrigation, power, water supply, water quality control, recreation, and fish and wildlife.

Earth Observations & End Products Overview  
Earth Observations: 
	Platform & Sensor 
	Parameter 
	Use 

	Terra MODIS 
	Normalized Difference Snow Index (NDSI) 
	Terrestrial snow cover anomaly values were paired with ancillary data to quantify the snow and ice contributing moisture parameters in the CMI. 

	SMAP

	Surface soil moisture anomalies
	Soil moisture anomalies were used to derive moisture information as a variable in the CMI

	GRACE
	Groundwater storage
	Groundwater storage data from GRACE wereincorporated to increase the temporal resolution of the CMI and to further describe soil moisture conditions.

	GRACE FO
	Groundwater storage 
	Groundwater storage data from GRACE FO were incorporated to increase the temporal resolution of the CMI and to further describe soil moisture conditions.



Ancillary Datasets:
· NOAA NWS National Operational Hydrologic Remote Sensing Center (NOHRSC)  
· Snow Data Assimilation System (SNODAS) – Snow depth and snow water equivalent were included as parameters for the CMI.
· USGS Water Data for the Nation – Daily fall and spring stream gauge discharge values were added as an addition parameter to the CMI. 

Software & Scripting: 
· R version 4.0.3 – data acquisition and data analysis 
· Google Earth Engine Python API – data acquisition
· ESRI ArcGIS Pro version 2.6.2 – map generation
· QGIS version 3.10.7 – map generation

End Product(s):
	End Product
	Earth Observations Used 
	Partner Benefit & Use
	Software Release Category

	CMI
	Terra MODIS 
GRACE
GRACE-FO
SMAP
	This product will help the partners understand the timescales and thresholds of the fall and winter CMI outputs that best correspond to spring and summer stream discharge. Our evaluations of the CMI (sensitivity analysis, principal component analysis, and validation with in situ data) will inform partners of the strengths and limitations of this CMI product.
	N/A

	Code for Producing CMI Calculations  
	Terra MODIS
GRACE
GRACE-FO
SMAP
	This code computes monthly anomalies of soil moisture, NDSI, SWE, and snow depth, as well as changes in SWE and snow depth. The scripts aggregate the values into a single metric with a user-selected weighting scheme. Our partners will use our scripts to automate the CMI calculations to produce monthly CMI outputs. In this way, the CMI will act in a similar fashion to modern hydrologic and meteorologic forecasting tools/models by performing calculations and producing an output in a punctual fashion that can be used as an operational forecast tool.
	IV



Product Benefit to End User: 
In general, using the CMI, our partners will enhance their understanding of antecedent soil moisture conditions to better prepare local stakeholders for summer flood and drought events. The CMI will aid the Montana Climate Office and MBRFC as an operational forecasting tool for summer flood and drought conditions and to inform decision-makers of early indicators of flood and drought for the months following snowmelt season. The Army Corps of Engineers Northwestern Division MRBWM office will use the CMI data to assess the current hydrologic conditions in the Missouri River Basin as it relates to flood potential and drought severity to improve management decisions. End users will benefit from our evaluations of the CMI by identifying which moisture parameters are most useful in the index, whether the CMI works best to represent drought or flood conditions, and where in the region the CMI works best. This knowledge will help to improve forecasters’ decision-making.

References
Hoell, A., Parker, B., Downey, M., Umphlett N., Jensco, K., Akyuz, F., Peck, D., Hadwen, T., Fuchs, B., Kluck, D., Edwards, L., Perlwitz, J., Eischeid, J., Deheza, V., Pulwarty, R., & Bevington, K. (2020). Lessons learned from the 2017 flash drought across the U.S Northern Great Plains and Canadian Prairies. American Meteorological Society, 101(12), E2171-E2185. https://doi.org/10.1175/BAMS-D-19-0272.1

National Oceanic and Atmospheric Administration. (2019). The causes, predictability, and historical context of the 2017 U.S. Northern Great Plains drought. Retrieved from https://www.drought.gov/documents/causes-predictability-and-historical-context-2017-us-northern-great-plains-drought

Puckett, K. (2018, February 8). 2017 was state’s worst fire season since 1910. Great Falls Tribune. www.greatfallstribune.com/story/news/2018/02/08/2017-fire-season-no-1-produced-largest-fire-states-history/319952002/.
1


2

image2.png




