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Introduction

Background:

Validation and intercomparison of
reservoir operation outputs in
global hydrological simulations
have not been done using space-
borne remote-sensing data
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Introduction (continued)

 Review

* Model intercomparison

* Masaki et al. 2017: intercompared six global hydrological models, but
hampered by the lack of ground observation of reservoir operation
* Estimating storage change from space

e Gao et al. 2012: combined altimetry data and surface area from
MODIS to get storage variation of 34 reservoirs in the world

* Busker et al. 2019: Combined Landsat based surface area and DAHITI
altimetry for 137 global lakes and reservoirs; decreased dependency
on reservoir parameters

* Research Question:

 How well do the global hydrological models perform when
compared to satellite data?

* Develop a systematic methodology for comparing reservoir
storage in model output against satellite remote sensing data

LETTER

Intercomparison of global river discharge simulations focusing
on dam operation—multiple models analysis in two case-study
river basins, Missouri-Mississippi and Green-Colorado
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[1] We studied 34 global reservoirs for which good quality surfac vation data could be
obtained from a combination of five satellite altimeters for the period from 1992 to 2010.
For each of these reservoirs, we used an unsupervised classification approach using the
Moderate Resolution Imaging Spectroradiometer (MODIS) 16-day 250 m vegetation
product to estimate the surface water areas over the MODIS period of record (2000 to 2010).
We then derived elevation-area relationships for each of the reservoirs by combining the
MODIS-based estimates with satellite altimeter-based estimates of reservoir water
clevations. Through a combination of direct observations of elevation and surface area
along with documented reservoir configurations at capacity, we estimated storage

time histories for each reservoir from 1992 to 2010. We evaluated these satellite-based
data products in comparison with gauge observations for the five largest reservoirs in the
United States (Lakes Mead, Powell, Sakakawea, Oahe, and Fort Peck Reservoir).

The storage estimates were highly correlated with observations (R = 0.92 to 0.99), with
values for the normalized root mean square error (NRMSE) ranging from 3% to 15%.
The storage mean absolute error (expressed as a percentage of reservoir capacity) for
the reservoirs in this study was 4%. The multidecadal reconstructed reservoir storage
variations are in accordance with known droughts and high flow periods on each of the
five continents represented in the data set.
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Methods

 Data

e Ground observation (truth)

» Storage (V): ResOpsUS (Steyaert et
al, 2022; CONUS only)

e Reservoir specification

* Dam height (hc), Lake area (Ac), etc:
GranD for ISIMIP (Lehner et al. 2011)

 Satellite products

e Area (A): GRSAD (Gao et al, 2019)
and
DAHITI (Schwatke et al. 2015)

* Simulation products

» Storage (V): ISIMIP3a (HO8 and
WaterGAP2)

* Pre-process

e Derive satellite based V from A.

* Assume linear A-h relationship

Linear A-h relationship: h=a X A+b

Change in Volume= AV = (h, ‘hl)Z'(A1+A2)

>

C

* Gao’s Method
(hc — hi) - (Ac + Ai)

Water Surface Elevation (h)

Vi =Vc —
2
* Busker’s Method .,
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Storage Volume = Vi = — Lo
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Methods (continued)

Simulation: ISIMIP3a-histsoc
(water global)

 Model:
« HO8
 WaterGAP (WGP)

* Meteorological forcing:
G5 : GSWP3+W5E5
e CW : CR20v3+WS5ES5S
e CE : CR20v3 +ERA5

e e.g., HO8_ G5, WGP_CE

Nomenclature

Ground Observation:
- Grd_obs
Satellite:

 GRSAD_Gao = GRSAD + Gao’s capacity
data + Gao’s Method

* GRSAD_ISIMIP= GRSAD + ISIMIP’s
capacity Data + Gao's Method

* GRSAD_Busker= Gao data + Busker’s
Method [No capacity data needed]

* DAHITI = Dahiti data + Busker’s
method [No capacity data needed]



Analysis in brief

a) Monthly Storage b) Annual Average Storage
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* Raw data (monthly)

* Normalized (monthly)
* min=0, max=1

* Timing information (only), long-
term trend preserves.

* Bias and amplitude information
lost.

* Validation of:
 Monthly Reservoir Storage

e Metrics: correlation coefficient (must be
same for both raw and normalized data)




Results: Timeseries of reservoir storage from satellite-based data and ground observation

Do satellite-based storage agree well with ground observation?
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Results: Model simulations compared against ground truth and satellite data
How good do the models simulate the reservoir storage?

Are the findings consistent with ground observation?
Which satellite product seems more appropriate

Monthly Reservoir Storage
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Summary
and
Conclusions:

How well do the satellite data derived match with the ground observation?
* Readily available satellite data is reliable with normalization

* DAHITI can well but it lacks good temporal coverage

GRSAD is better due to temporal coverage

» Take away message: Satellite data can be used after normalization. DAHITI is
good but lacks temporal coverage while GRSAD has good temporal coverage.

How well do the global hydrological models simulate reservoir storage?
* Simulations generally match both satellite and ground observation.

e Overall, WaterGAP2 simulations are relatively better than HO8

* G5 forcings produce the best results compared to CW and CE

* Findings are consistent with ground observation for
e GRSAD more consistent
* DAHITI: not very consistent, mostly due to lack of temporal coverage.
« Validation must be done using multiple satellite data

Take away message: In general, the simulation results match the satellite and ground
observation, but further improvement in modelling is needed

The satellite data is a good source for evaluating ungauged reservoirs, at least the
temporal aspects of storage. However, a single source of satellite data should not be
relied on.



What we want to do?

 Global scale Validation
» Better Model and forcings Intercomparison
e Pathway to data assimilation

What we need?

 More model simulations: currently only WaterGAP and
HO8 and MIROC-INTEG-LAND provided reservoir
storage data across all forcings, still waiting for others
(CWatM has only G5)

* Single referenced satellite data products: DAHITI,
Hydroweb have no reference with GRanD or
hydrolakes

 Temporally consistent satellite data
e Organized global reservoir ground observations

Both Satellite and Ground Observations: 20

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0



Thank You

Questions?
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Results: Annual average storage and seasonal variability from ground observation and satellite data
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Monthly Reservoir Storage
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Figure 3: Model simulations compared against ground truth and satellite data for annual average
How good do the models simulate the simulate the annual average?

Is the finding consistent with ground observation?
Which satellite product seems more appropriate Annual Average of Monthly Storage
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supplementary

Annual Average of Monthly Storage
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Figure 4: Model simulations compared against ground truth and satellite data for seasonal variability

How good do the models simulate the seasonal variability?

Is the finding consistent with ground observation?
Which satellite product seems more appropriate?
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Supplementary

Seasonal Variability
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Figure 5: Model simulations compared against ground truth and satellite data for residuals

How good do the models simulate the seasonal variability?

Is the finding consistent with ground observation?
Which satellite product seems more appropriate?
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Conclusions:

How well do the global hydrological models perform when compared to satellite
data?
* How well do the satellite data derived match with the ground observation?

Readily available satellite data is reliable with normalization

DAHITI can well replicate both annual storage and seasonal variability, but it lacks good temporal coverage

GRSAD is good for annual storage and not for seasonal variability.

» Take away message: Satellite data can be used after normalization. DAHITI is
better but lacks temporal coverage while GRSAD has good temporal coverage but
not reliable for components other than annual storage

How well do the global hydrological models simulate reservoir storage?
Simulations generally match both satellite and ground observation.
Overall, WaterGAP2 simulations are relatively better than HO8

CW forcings produce the best results compared to G5 and CE

Findings are consistent with ground observation for
* GRSAD: both annual average storage and seasonal variability.

 DAHITI: consistent only for seasonal variability but not for annual storage, mostly due
to lack of temporal coverage.

« Validation must be done using multiple satellite data

« Take away message: In general, the simulation results match the satellite and
gﬁound observation, but further improvement in modelling is needed to improve
the mimic

The satellite data is a good source for evaluating ungauged reservoirs, at
least the temporal aspects of storage. However, a single source of satellite
data should not be relied on



Methods

Linear A-h relationship: h= aXxXA + b
_ (h2 -h1) -(A1+A2)

Change in Volume= AV = >

e Gao’s Method

Vi = Ve (he=hi) -Z(Ac+ Ai)

* Busker’s Method
Storage Volume = Vi =

(hi —b) - Ai
2

Water volume can be calculated using h
or A only

hc

Water Surface Elevation

(h)

ho=b

-
p— —_— —_— —_— —_— —_— —_— h

Ao

Water Surface Area (A)

>
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Observed Data used in this study( ground and satellite)
Name _|Publication |Data ____|Details __________|Period | Advantages/Remarks

ISIMIP Lehner et al, storage Global inventory of ) Reservoir specification

reservoirs data 2011 volume, hc, Ac reservoir data P
Steyaertet Reservoir Integrated observed : :

ResOpsUS al, 2022 volume reservoir volume in CONUS VERELS | Erene OlssaEe

) ) contaminations from
Zhao, G FE SEMMES Gl Tea vEllEs clouds, cloud shadows
' Monthly Water for 6817 global reservoirs 1984 to ’ ’

GRSAD (Gao et

and H. and terrain shadows
|, 2019) rf rea (A n th tb 2018 ) .
al. 20 Gao,2018 surface area (A) based on the dataset by adjusted automatically;
Pekel et al. (2016) )
consistent
H metri high resolution 3D .
GRBD: Global : ypsometric gh resolution 3 provides the Area-
: Li, Y., H. Parameters: a  bathymetry of 347 global :
Reservoir . . Elevation (A-E) and
Gao, G. and b reservoirs, which represents - )
Bathymetry o Elevation-Volume (E-V)
Zhao, and K. and storage 50% of the overall global . :
Dataset . relationships
Tseng, 2020. volume storage capacity.
.y : Long availabl riod;
Water surface  hydrological informationon 1984 to © g:a ) al? e.p'e o6
DAHITI S (A) & elevation lakes, reservoirs, rivers 2020 IESC eI
al., 2015 ’ ’ ’ Needs individual data

(h) derived from satellite data  (Variable)
requests;
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