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The Need

The current USGS streamgaging network in the United States, particularly in 

Alaska, does not provide full coverage in space and time. 

Given the access limitations to many rivers, methods are needed to increase the 

spatial and temporal density of the gaging network including:

Åsatellite platforms

ÅConFiRM  (Calibration oF River Measurements)

Á CalVal of top width, slope, velocity, and discharge using ground-based and 

rapid deployment of equipment including:

- Fixed- and drone-based velocity radars and LSPIV cameras

- Ungaged basins with little or no historical discharge records



The Goal

Develop and test methodologies to estimate river discharge from remotely-sensed (RS) 

observations with the goal of establishing discharge records where historical streamflow 

information is lacking. 

The Objectives

Develop an approach (presented here) that couples the USGS dynamic surface-water extent 

product with satellite altimetry to estimate discharge from satellite observed water-surface 

height, slope, width, and calibrated with minimal ground-based measurements. 

Establish reach scale remote sensing gaging stations in un-gaged and remote rivers that:

Å Are more stable in time than cross-section based stations, reducing the frequency of 

supplemental ground-based measurements in un-gaged and remote basins

Å Produce time series of estimates of discharge, depth, and velocity in river reaches going 

forward in time and enabling the reconstruction of past time series from archived RS 

observations



Overview ςRemote Sensing 
Observational Data ςDynamic 

Mapping of Rivers

ÅObservations of Dynamic Stage and Water Surface Slope

ÅAlong-channel variation of Width and Meander Length

ÅChannel morphology and Meander Pattern



USGS Dynamic Surface Water Extent (DSWE)

Detect whether surface water is 
present in any clear, shadow free 
Landsat pixel.

Provisional Version1 data available 
by request.

Currently assessing inclusion of 
Sentinel sensor data for Version2.

Comprehensive system in place for 
product evaluation/application 
(see poster).

POC: John W. Jones, 
jwjones@usgs.gov

http://remotesensing.usgs.gov/ecv/SWE_overview.php

http://remotesensing.usgs.gov/ecv/SWE_overview.php


Reach Analysis ςYukon 
River near Eagle, Alaska. 

Landsat image analysis of 
width variation and 
meander length.

Dynamic Surface Water Extent (DSWE)
Variation in width along river channel
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Time Series of Water Area - Tanana and Chena 
Rivers near Fairbanks, Alaska from DSWE

Temporal Resolution ς7 days depending on Clouds and overlapping 
orbital paths 



Jason 2 Satellite tracks ςTanana and Chena Rivers near Fairbanks Alaska

10-day temporal resolution  

Slope Time series for the 
Tanana River Jason 2 site 16

Jason 2 overpass 
locations (16) Jason 2 orbital path 

Jason-2 data presentation from 
Charon Birkett, UMD



Mapping River Water Surface Slope ςTanana River



Fairbanks

Mapping the River Channel  Water Surface Slope as it relates 
to channel pattern ςTanana River



A practical necessity using different satellite 
platforms ςnon-coincident observations

The upcoming NASA SWOT mission (launch 
2021) will provide coincident observations 
of width, stage, and slope.

There are many more height observations from 
Jason 2 than width observations from  Landsat 
due to cloud cover.
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A relation is 
developed between 
width and height.

Height is used to 
estimate width.



Supplemental information ς

Assumptions from river hydraulic data ς
HYDRoSWOT data base

Data available for calibration ς

Modeling and national hydrography data ςCalibration to Mean flow

Limited discharge measurements from ground or aerial platforms ς
Calibration to individual measurements



HYDRoSWOT DataBase - USGS Measurement Data

Assembled discharge measurements from USGS streamgages at unobstructed 
cross- sections using ADCP measurements, high water mark and gage height 
of zero flow.

https://www.sciencebase.gov/catalog/item/57435ae5e4b07e28b660af55

Table Name
Number of 

Records

Number of 

Fields
Minimum Date Maximum Date

HWM 1 13,905 14 10/6/1932 11/25/2014

GZF 2 32,936 13 12/11/1930 11/25/2014

ADCP 3 and Boat 

Measurements 
223,764 56 10/7/1940 11/25/2014

Table 1 ςHYDRoSWOT - Hydraulic and channel geometry database.

1 = High water mark;      2 = Gage-height of zero flow;         3 = acoustic Doppler current profiler



HYDRoSWOT DataBase - USGS Measurement Data

Selected fields of interest for each streamgage measurement: 

Å Drainage Area at the gage

Å Latitude and Longitude of the gage

Å Elevation of the gage

Å Discharge

Å Flow width

Å Maximum and mean depth of flow

Å Maximum and mean velocity of flow

Anticipate adding channel slope at each gage in the near future.

.




