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Project Overview
Project Synopsis: 
This project developed the framework for a monthly Composite Moisture Index (CMI) to enhance drought and flood monitoring efforts of the Montana Climate Office and the NOAA National Weather Service (NWS) Missouri Basin River Forecasting Center. The DEVELOP team constructed a CMI integrating climate variables that represent seasonal drivers of moisture state in the Missouri River Basin to create a single metric that assesses the relative wetness or dryness of an area. Four climate variables were of interest: snow cover, soil moisture, snow depth, and snow-water equivalent from the NASA satellites Terra MODIS and SMAP and the NOAA SNODAS data product, respectively. 

Abstract: 
The Missouri River Basin provides irrigation water for a substantial part of the domestic agricultural sector within the United States. Drought events pose a significant threat to the economic livelihoods of dependent individuals, industries, and ecosystems (e.g. farmers, local tribes, hydroelectric power, wildlife). In 2017 alone, the Missouri River Basin experienced a severe drought that resulted in a $2.6 billion loss to the U.S. Northern Plains. In response to such events, organizations throughout the basin, such as the Montana Climate Office, have dedicated efforts for drought monitoring and communicating relevant information to local stakeholders. In an effort to aid regional decision-making capabilities, the project team partnered with the Montana Climate Office, NOAA National Weather Service (NWS) Missouri Basin River Forecast Center, and NOAA Regional Climate Services, Central Region to create a monthly Composite Moisture Index (CMI) that relies on NASA Earth observations from the Terra Moderate Resolution Imaging Spectroradiometer (MODIS) and the Soil Moisture Active Passive (SMAP) mission. From these satellites, as well as the NOAA NWS National Operational Hydrologic Remote Sensing Center’s Snow Data Assimilation System (SNODAS), our team aggregated climate datasets including soil moisture, snow cover, snow depth, and snow water equivalent to compute a CMI that indicates regional moisture conditions during the winter months. The March CMI values produced over the Missouri River headwater subbasin strongly correlate (r = 0.75) with spring and early summer stream discharge, demonstrating the use of this metric to indicate moisture conditions for the snowmelt and growing seasons.
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National Application Area Addressed: Water Resources
Study Location: Missouri River Basin: MT, ND, SD, NE, WY, CO, KS, IA, MO, MN
Study Period: January 2004 – August 2020

Community Concerns: 
· Drought events impact the resource availability and economic productivity of the Missouri River Basin and its montane environments.
· In 2017, a historic flash drought spread across Montana, North Dakota, and South Dakota, degrading 41% of Montana’s pasture while costing an estimated total of $2.6 billion in Northern Plains losses.
· Winter drought conditions can limit moisture availability during the start of the growing season.
· A single drought indicator that broadly captures the state of the hydrologic system in real-time would be useful to end users for effective resource management and decision-making.

Project Objectives: 
· Develop a framework for creating a monthly CMI that can holistically and quantitatively assess the general moisture state of the Missouri River Basin
· Evaluate the validity and accuracy of the CMI by performing a correlation analysis using in situ data 

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

	[bookmark: _Hlk55818226]NOAA, National Weather
Service, Missouri Basin River
Forecast Center
	Kevin Low, Hydrologist
	End User
	No

	NOAA, Regional Climate Services, Central Region
	Doug Kluck, Regional Climate
Services Director
	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. They currently communicate drought information through their Upper Missouri River Basin (UMRB) Drought Indicators Dashboard, which displays metrics representing different climate variables from in situ, modeled, and remote sensing sources. The Montana Climate Office uses this dashboard as a tool to provide early warnings for periods of excess wetness or dryness to stakeholders including agricultural producers, water resource managers, and ranchers. It is seeking to integrate these variables into a single index that can streamline drought early warning efforts. 

Earth Observations & End Products Overview
Earth Observations: 
	Platform & Sensor
	Parameter(s)
	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
	Surface soil moisture anomaly values were a parameter included in the CMI.



Ancillary Datasets: 
· NOAA NWS National Operational Hydrologic Remote Sensing Center (NOHRSC) Snow Data Assimilation System (SNODAS) – Snow depth and snow water equivalent (SWE) for incorporation into 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 Products: 
	End Products
	Earth Observations Used 
	Partner Benefit & Use
	Software Release Category

	CMI Outputs &
Computational
Framework
	Terra MODIS
SMAP
	The framework provided map outputs during events of interest in the study period as well as the framework of calculation and lessons learned for the proof of concept of the
CMI computation.
	N/A


	CMI Performance
Assessment
	Terra MODIS
SMAP
	The performance assessment produced graphics that analyze CMI output correlations with in situ stream gage data from the USGS.
	N/A


	Code for Producing CMI Calculations
	Terra MODIS
SMAP

	This code will allow our partners to replicate our analysis and produce the CMI metric for future time periods. 
	IV



Product Benefit to End User:
A CMI that quantifies monthly moisture status, enabling anticipation of agricultural drought or flood events, improves decision-making capacities for farmers, ranchers, policy makers, tribal nations, and other end users of Montana and the entire Missouri River Basin. This CMI outputs a simple numerical value describing the wetness or dryness characteristics of basins at two different spatial scales, which is especially relevant given that the Missouri River Basin experiences extremely high variability interannually in terms of both flow and runoff. Similarly, our partners at the NOAA NWS Missouri Basin River Forecast Center will utilize the CMI to gain further insight into the antecedent conditions that influence surge discharge in the Missouri River Basin hydrological networks. The framework for the CMI was handed off to the Montana Climate Office to incorporate into their UMRB Drought Indicators Dashboard. By providing these early outlooks, this index could improve resource allocation from both federal and state agency programs that distribute benefits in times of flooding and drought. 
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