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The aim of this study is to give an introduction of the Sentinel-3 Hydrologic Altimetry

Processor prototypE (SHAPE) project, with special focus on the components dealing The HYPE Model
with assimilation of satellite altimetry data in hydrological models. Preliminary results are | The HYdrological Predictions for the Environment model (HYPE) is
presented from a case study on the Amazon River. '. _ developed and used for research and operational purposes by SMHI:

] ] ] | * A semi-distributed multi-basin hydrological model, simulating water
Outline Timeline : balance and ruoff from land, lakes, and rivers.
The SHAPE project is funded by ESA through the Kick-off (2015-09), Scientific&Req. Review (2016- W il i, * Runoff (mm/day) from land/soil sub-classes is Routed through the
Scientific  Exploitation of Operational Missions 02), Mid-Term Review (2016-12), Acceptance e IS W lake and river network as defined by the sub-basin delineation and
Programme Element to_ prepare epr0|t_at|on of Review (2017-06), Final Review (2017-09). o _}fhymhh .. = I?_T___q?{;;_#i?"’ﬂ-.1 - INKS:
ﬁe_ntmel-?. data over the inland water domain (water Team ;‘"_5 = |\ H“‘;ﬁﬂ__‘g‘ = * Lake water level (m) is directly related to lake outflow (m/s) by

eights and discharge). A . o Aty | | I - water level-discharge relationships (rating curves).
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ObjeCtIVES Signal Proc.. Production and use of Updated N W River discharge (m°/s) is based on River stage (m°), and velocity

dependent delay and damping of inflow — and is is only in-directly

* Characterize CryoSat-2 SAR data for inland water. ~Water Masks, Retracking. related to River water level (m) through a non-linear inflow-velocity

Visit http://hypeweb.smhi.se for more details.

* Assess the performances, in Hydrology, of applying isardSAT : Innovative SAR Altimetry Chain, response-function and river width.
Sentinel-3 IPF to CryoSat-2 data and emulating Retracking.
repeat-orbit Alti-Hydro Products (AHP). SMHI : Assimilation of AHP in Hydrological Models
* Analyze weaknesses of Sentinel-3 IPF at all levels. yniversity of Porto : Atmospheric and Geoid Assimilation of Altimetry data
. g\ss_esiI At\r|]—|ep l_JetnerfitiI olf a_ssilmila;inlg SAR/RDSAR Corrections. 1. E;es‘;i;zi}r:?(de' state X is transformed to predicted Assimilation into hydrological models provides a way of utilizing the ful
erive into hydrological models. : - |
« Dosian imovative. teumiues 1 bild andior o REGIONS and Periods of Interest ' B0 BIIEID . rivers cischarge, avoiding the need for colocated n-sit data and rating

refine the L1B-S and assess their impact onto L1B * Amazon: 2015-03 ~2016-02, Baseline C. =% curve establishment and frequent revisits at fixed locations:

0 _“ S ate - ﬁredlcted e satelllte

and AHP. * Danube: 2015-03 - 2016-02, Baseline C. - ‘aﬁimetry data aﬁtmetry data * Altimetry data is assimilated into HYPE to correct the simulated water

lakes.  Vanern lake: 2015-03 — 2016-02, Baseline C. 1 | | * Ensemble Kalman filters and/or Particle filters will be used as data
* Provide improved L2 Corrections (tropospheric, « Titicaca lake: 2015-03 — 2016-02, Baseline C. ! 2. Analysed mode| state X based on innovation (Y-D)  assimilation techniques.

geoid) for Sentinel-3 over land and inland water. 3. River discharge after model state update. * Migration of the Altimetry water levels along the river, from the

crossing of the satellite track to the sub-basin outlets of the
hydrological model (or vice versa as an 'observation operator’) is the
most crucial step to bridge the gap between model and satellite data.

» Specify, prototype, test and validate the Sentinel-3 Project Website
Innovative SAR Processing Chain for Inland Water.

Documents & demo to be available
http:/Iprojects.along-track.com/shape/

SHAPE Proc

The SHAPE Processor implements all of the steps necessary to derive rivers and lakes

Amazon R

= = Annual mean discharge
water levels and discharge from Delay-Doppler Altimetry and perform their validation Amazon-HYPE model application o R
against in situ data. The processor uses FBR CryoSat-2 data as input (and will switch A HYPE model application was developed for : i g
to Sentinel-3A data whenever possible) and various ancillary data (proc. param., water the 5.9 Milion km*® Amazon River basin =, : i
masks, L2 corrections, etc.), to produce surface water levels. At a later stage, water iIncluding ~11000 sub-basins with an average : == $ g
level data are assimilated into hydrological models to derive river discharge. size of 530 km®. The model is based on open == 3
=l data sets for  hydrography (USGS i 5 g
HydroSHEDS), land cover (ESA CCI), soil o ’
N e : : (HWSD), lakes (GLWD), river width (GWD-LR) - &2
FBR elay-Doppler L1b/L1b-S e | i s o . . .
Products g Processor g Products and discharge (GRDC). 0 000 100000 150000
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$ The river routing was especially adopted for == : e o s
New Retracker the case study area covering about 1000 km = swetrcors ;o .
¢ of the lower Amazon-Solimoes river USiNg the s mintowsreom e - 2 g . )
same river profile as used for the Alti-hydro  eoe-ssa b A e D
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Estimation "\Plrc‘fcie's!i'rl]yfh'aﬁo To mimic the use of Sentinel-3A data, CryoSat-2 water level measurements 2010-2015 where first migrated along the river
(large lakes only) : path to Sentinel-3A tracks crossing, and secondly migrated to the selected Amazon-HYPE sub-basin river outlets.
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Network Validation ol between River discharge (m3/s) and Water level (m) in the model. This & ™ |- HPEbasn ol R
(of Alti-Hydro data) (T°, rain,...) relation was much improved by estimating the river area at low flow and high ¢ =]
s L HYPE - flow situations by projecting the minimum and maximum levels in the Alti- &
A for 5 Eie " Hydrological Model hydro data time series on the underlying DEM data: i
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R M # Water Level River Discharge o _ ' !'( . The overall water balance and river velocity response was
(T K7 MO M ERRETED o Uncertainty 2 - : roughly calibrated with discharge data in upstream areas.
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pomsees LRSS LR Modelling - © | Systematic deviations from observations of discharge (in situ)
Em (Ox?t!lgyzgagta) S I and water level (Alti-hydro) is still seen in the lower Amazon, most
# - Ati-hydro | likely due to missing floodplain dynamics and overestimated river
e E g . 4 "..-‘ Pl velocity.
Euf ncertain = : : ' -
SIS R SR g Discharge = - . . . The improvement of further model development versus
I gV Quality o A" * assimilation of the altimetry data will be evaluated in the next
it | i Indicators | | — | | | phase of the project.
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