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Abstract: The measurement of total basin discharge along coastal regions is necessary for
understandindghe hydrological and oceanographic issuekted to thevater andenergy

cycles. However, onlythe observed streaflow (gaugebased observations used to
estimate the total fluxes from the river basin to the ocesglecting the portion of
discharge that infiltrates to underground and diyedi$chargs into the oceanHence, he

aim of this study is to assess togal discharge of th¥angtze Rive(Chang Jian{ basin.

In this study, we explore the potential response of total discharge to changes in
precipitation(from the Tropical RainfallMeasuring Missiod TRMM), evaporatior(from

four versions ofthe Global Land Data Assimilatian GLDAS, namely CLM, Mosaic,

Noah and VIQ, and watesstoragechanges(from the Gravity Recovery and Climate
Experimend GRACE)Dby using theerrestrial water budget methdthis method has been
validated by cormparisonwith the observed streamflonand showsan agreementith a

root mean squarerror (RMSE) of 14.30 mm/monthfor GRACEbased discharge and
20.98 mm/month forthat derived fromprecipitation minus evaporatiorP(i E). This
improvement of approximately 230 indicates that monthly terrestrial watgprage
changes, as estimated by GRACE, cannot be considered negligible over Yangtze basin.
The results for the proposed method are more accuratehineesults previoug reported

in the literature.
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1. Introduction

The ability of Gravity Recovery and Cliate Experiment GRACE) to detect continental
waterstorage variations has been prowkeming recentyears.The errestrial watestorage is virtually
a measure of total water content in surface stores, soil layers, ice (including snow), groundwater
reservoirs and biomass (which is negligible in most cd4¢si>RACE has been used for estimating
regional wateistoraye variationsn a number of location$or instancethe Amazon River basij2i 4];
the Ganges River basjB]; the Congo River basif6]; the Orinoco River basifY]; and the Yangtze
River (Chang Jiang basin[8]. Other important studieom GRACE relatad to the monitoring of
waterstorage aregroundwater withdrawal in Indigo]; contributions of glaciers and ice caps to
sealevel rise [10,11]} monitoring the mass balance of Antarctid2] and Greenland[13i 15]; and
Alaskan permafrost groundwater storage chamy@p In this study, we focus on the Yangtze River
basin, which is an important regiamChina in terms of culture, society and econoary it plays an
important role irtheecological environmental ogervation of Chingl7].

Hu et al. [8], for example,compare the seasonal watstorageover the Yangtze basiderived
from GRACE data antivo hydrologic modelsthe Climate Prediction Center (CPC) atite Global
Land Data Assimilation (GLDAS)Their results showed good agreementfm of equivalent water
height)in terms of the differensan annual amplitudebetween GRACE and the model predictions
using fifteen months of GRACE spherical harmonic solutigrisom April 2002 to December 2003.
Furthermoe, Wanget al.[18] investigatedhe ability of GRACE to monitor thevater systems area (a
set of five sukbasins) otthe Three Gorges reservdiy comparing the inversion results from GRACE
with the results othe CPC modelThey found thathe root mearsquareerror (RMSE) is 21 mm for
the total watesstorage changeZhaoet al. [19] used the first release of the Delft Institute of Earth
Observation and Space Systems (DEOS) Mass Transport{DMiode] based on GRACE dat&o
analyze watestorage chages in the Yangtze basin. Their results showed that the-stat@age of the
Yangtze basin ma large and statistically significant increaset 4.6 mm/yr, over the period of
February 2003 to May 2008luanget al.[20] consideedthe soil moisture andgnow water equivalent
as an estimatioof waterstorageand they found that the Yangtze basin is drying up. The resetts
based ordata obtained from Interim Reanalysis Data (ER#erim) and Noah model from GLDAS
for the period between 1979 and 2010.

In [21], Huanget al. examined the changes in the wadesrage of the Yangtze basimer a period
of approximatelyseven years using monthly gravity fislof GRACE andwater levelmeasuements
Becauseof the limited resolution of the GRACE satelldata, hey concluded thato changesould
be detectedh the waterstorage capacifyowing to the water impoundment of tidrree Gorges Dam
(TGD). However Wanget al.[22] applied a novel approach folatingthe signal from mass changes
for the waterimpoundment othe TGD. The TGD&6 s cont r i bistorage nhanhewasm wa
isolated by using the WaterGAP Global Hydrology Model (WGHM) and the residual (GRWGHEM)
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was compared to situ measurements of volume changét&énget al. [22] concludedthat GRACE
can detect the mass shift and retrietree amplitudes of large surface watgorage changes in a
concentrated area thatamallerthanG R A C Ej@asal resolution.

All of the aforementionedtudiesoutline the potential of GRACHor investigatingwaterstorage
and its changewithin the Yangtze basinHowever there have been efforts itacorporateother data
setsin estimatingtotal basindischargd23] at a river basin scaléor example, atmospheric models that
predict precipitatio minus evaporatiofwe use evaporation to describe all processes of vaporization)
Syedet al [24] have used satellite measurements of variations in continental statege from the
GRACE mission to present first estimates of monthly freshwhseharge from the entire P#wmctic
for the period 20032005.The methodology published [83,24] has been used by Syest al [25] to
estimate the monthly freshwater discharge from continents, drainage regions, and global land for the
period of 2008200. In [26], Seo et al. used anovel approachwhich avoids influences from
uncertainties in the estimation of atmospheric moisture flurrderto evaluate the global fresh water
discharge by solving the water balance equation over the oceans.

To the bst of our knowledgetherehas beeronly one applicationcarried out by Syeét al [25],
that estimatethetotal freshwater dischargeom Yangtze basitor thethreeyear period from 2003 to
2005 Their results show a correlatimoefficient 0f0.92 between thannual cycles of thebserved
streamflowand estimated discharges fitre Yangtze basinSyedet al. [23] pointed out that the
limitation in theuseof the terrestrial water budget equation is the high uncertainties of evaporation.
Howeve, this has never been tested befdience, he ains of the presenstudy areto estimatethe
total dischargef the Yangtze basihy usingtheterrestrial water budget equatiand toasses# the
waterstorage (as derived from GRACEan be considerechegligiblein this estimationTo achiewe
these goak, we appliedprecipitation data fromthe Tropical Rainfall Measuring Mission (TRMM)
data onwaterstorage changes derived frotine latest Level02 (Releaséd5) GRACE datafrom
three processing cente(se., Center for Space ReseadclSR, Jet Propulsion LaboratéryPL,
and GeoForschungsZentridnGFZ); and evaporation predians from four versions of GLDAS
version 1(CLM, Mosaic, Noah and VIC[27]. The results areomparedwith a timeseries ofin situ
streamflowdata.

2. Methods and Data Sources
2.1. Datasets
2.1.1.Study Area andh SituDischargeof Yangtze River

The Yangtze River basin lies within the subtropical zone in (2i0ja see Figure 1alhe Yangtze
River originates in the highlands of the east Qinghbet Plateau. It owes its streamflow to the
glaciers of the Dangla Mountain Ran@esides the glaciers from platedle YangtzeRiver receives
discharge from numerous tributaries and fakeake Poyang in particulail] it finally reaches the East
China Sea at Shangh#i. the present study, daily streamflow observations for the Yangtze basin were
obtained from the Datong gauging station from the Yangtze River Estuary Survey Bureau of
Hydrology and Water Resource, Ministry of Water Resources. Datong is located near the Yangtze
Estuary and measures the contribution from an upstream area of approximatedy1@’7km?
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(Figurelb). Owing to tidal effects, it is not possiblen@easurestreanflow from a station at the mouth

of the Yangtze River (Datong is the tidal limit of the estuary). In order to convert the observed
streamflow (n¥/s) at the Datong station into daily net surface runoff rate (mm/day) per unih\aea
Yangtze basin, the dinage area size is required (~1.2Z&R km?). Thus, monthly surface runoff rate
(Rin mm/month) for the basin was computed as the sum of the daily surface runoff rate.

Figure 1. (a) Location of the study area in Chingb) Yangtze River basin (shadowed
portion with an area of approximately 1x8.0° km?), Three Gorges Dam (TGD) and the
Datong Hydrologic StationThe graphical scale is related to the parallet 8€)°Daily net
surface runoff R) of Datong Hydrologic station
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2.1.2. Precipitation Data

In this study, we used the global monthly accumulated rain grids supplied by the TRMM, as
Level3 V7 products, more specifically the TRMM 3B43. TRMM is a joint satellite mission of
Goddard Space Flight Centre (GSFC), from the National Aeronautics aroé ykministration
(NASA), and the Japan Aerospace Exploration Agency (JAKXS). The TRMM Multi-satellite
Precipitation Analysis (TMPA) was designed to combine all available precipitation datasets from
different satellite sensors and monthly surface gainge data to providen@stimate of precipitation at
spatial resolution of 0.25arc-degree)28]. Since the end of 1997, the TRMM has provided monthly
rainfall rates for tropical and subtropical regions. Owing to the availability of the discharge and
GRACE products at the time of the study, the time period used is limited Jsomary2003 to

December 2009 (tot&@4 month.

2.1.3.Hydrological Models

GRACEderived values of watestorage anomalies are of potential importance as -stimme
guantities or when combined with other data types, for example, land surface models that offer detailed
estimates of distributed hydrological fluxes and storagks.Global Land Data Assimilation System
(GLDAS) is generating a series of land surface setg, Goil moisture and surface temperature) and
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flux (e.g, evaporation and sensible heat flux) products simulated by four land surface models (CLM,
Mosaic, Noah and VIC)27,29 31]. We used four versions (CLM, Mosaic Noah, and VIC) of the
GLDAS Version 1 (GLDAS1) 1.0°resolution This was necessafyecause ofhte lack of a spatial
evaporation data saecessary to estimate ttotal discharge by using the terrestrial water budget.

2.1.4. GRACE Level 2 Products

The GRACE observations are processed at: the Center for Space Research (CSR), University o
Texas; tle Jet Propulsion Laboratory (JPL); tBeoForschungsZentruiGFZ); theCentre National
do £t ud e s(Cl¥g5k the Delft lastitute of Earth Observation and Space Systems (DEOS), Delft
University of Technology; and at a few other institutionsh e  yesulés] known as Level 2 (L2)
products, are usually monthly geopotential solutions expressed in terms of spherical harmonic
coefficients(truncated at certain degree and order,dAd)ich are widely used to study mass changes
in the Earth system. Furthernepeach center follows different data processing methodologies, which
might cause some differences in the solutif8#. Thus, the new Relea$ (RLO5)L2 products
from the three GRACE project processing centers (CSR, JPL, GFZ) were used for this\&tiliely.
the JPL and CSR still recommend that users reflagestimates from Satellite Laser Ranging (SLR),
the GFZ recommends that users maintain the RLO5 estimat€&o0fAs in Chenet al. [11],
GRACE-estimatedC,g coefficientsfor the JPL and CSRvere replaced by the values derived from
SLR[33]. The monthly degree 1 coefficierits all solutionswereused from Swensoet al [34]. The
data for this study includ@4 CSRRLO5 (d/o 60) 84 JPL-RLO5 (d/o 9Q some aref d/o 60 and84
GFZ-RL5 (d/o 90) GRACE monthly solutions, covering the period fra@nuary2003 to January
2010.The missing period is June 2068 the threeprocessingcenters The RLOS5 products for 2002
are not available yg6 June 2013)

2.2. Methodology
2.21. Computation of Wier-Storage Variations from GRACE

The sets of coefycients fr om edsBricompatiliity &th the we r ¢
ones from CSR. Thi s | i miat apgroximately t33% eknat she aquatax | r
(" -Ywith R=6,371km is the radius of the Earlndn is the degreeEach mont hl y ¢
coefycients data set wateam meard(ineddferenteypetwebneoeffiaredts v i
of a montht and the mean gravity field obtained as the time average of thlabd@acoefficients).

Thus, only the timevariable component of the change in surface mass can be recovered (for details
see[35]). The GRACEbased land water solution, computed with the methodology described in
Wabhr et al. [35], provides the watestorage anomaly valuesl Si.e. deviations from a reference
value), usually expressed in terms of equivalent water height (or equivalent water thickness).

GRACE gravity fields at high order coefficients exhibit a high level of noise which is known as
st Di thespatial domairf36,37] Therefore, in order to obtain coherent results, it is necessary to
remove these stripes in pgmbcessing by reducing correlated errors with minimal impact on the real
signal. These correlations can be reduced, usingraiempirical method based on a polynomial
y 138], or ana priori synthetic model of the observation geomg89]. In this study, the polynomial
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yt scheme yl ter etadPloweasst eadp pdyi e@heno t he resi du
resi dual Stokesb6 coefycients with orders 6 an
removed from the even anf[dl] o Chenet d. ¢ii]etley calbthig y c i
procedue the dec or r el ati on yl t er ; PANWGeAfter®dMbery,| t abkmegy i a
Gaussianlowpass yl ter was appli ed t o-wdvalengthlereorf38]s uppr e
A regional average of the watstorage anomalies was computeg defining a mask with a
perimeter shown by the solid red line igure 2 of [42]. Following Kleeset al. [43], the spatial
smoothing reduces the noise and also introduces a bias in the estimated monthly mestoragéer
In order to reduce thisve appied ascale factork, of 1.0442required to restore the amplitudes for the
Yangtze basinWe usedthe methodologyfrom Landerer and Swensdof. Section4.1 of [44]) to
estimate the scale factkrThewaterstorageestimates fsm Noah drivenGLDAS werefirst converted
to spherical harmonic coefficientsd truncated up to d/o 60hdse spherical harmonic coefficients
were then used to estimédtee regionalwaterstorageby using the mask in Figureghdthe two step
filtering schemei(e., PAM6 andGaussian 308m). The scale factor was then obtained through a least

squares minimizatioas[44]:
84
V=4 (ds' -k&)’ (1)

where US' and US is the unfiltered(true) and filtered respectively, waterstorage time series

from January 2003 tbecember 2009 (84 months) is important to note that the scale factor does not
match the GRACHlerived wateistorage to those of GLDASjt only gives the relative
signal attenuation and restores the s ihgtheal t
gridded datasets, one only needs to scale the GRACE signals with the gain factor for
consistent comparisons [44].

Figure 2. The average function (mask) adopted for the Yangtze basin analysis. The solid
red line represents the perimeter of thegtae basin

Unitless
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2.2.2. Computation of Total Dischargesing Terrestrial Water Bdget

Water budget methods are based on the principle of conservation of mass, applied to some part o
the hydrologic cycle. Figur@ shows a simplified diagram to represent the water cycle where only the
land surface is considered. Over a land surface ofcan@h Figure 3), the mean evaporatiaate, E,
can be expressed in terms of the water balance equation as fdfgws

E=P HQ @) (@ Q¥ = @

whereP is the areal mean rate of precipitati@y; is the total surface inflowQy, is the total surface
outflow, Qg is the total groundwater inflovandQy, is the total groundwater outflow rates, all per unit
area andSis the water volume stored per unit aréahe areag s a natural river basin, bounded by
natural divides, theoufflow terms Q. and Qyy) are generallylarger than inflow terms

(Qri andQyg). Thus Q = (Qro + Qqgo) T (Qri + Qgi) represents the totbsin dischargeGenerally,these
hydrological variables are expressed in terms of water mass (mm of equivalent water height) or
pressure (kg/A) per day.

Figure 3. A simplified scheme for the relation of quantities in the land water budget

P E

Equation 2) can be solved directly f@p as:
Q=P -E -& (3)

where the variables irEquation (3) are the monthly values of total discharge, precipitation,
evaporation, and

DS =§1) }) (4)

is the waterstorage variation between timgsandt, (in which the subscripts 1 and 2 refer to the
beginning and the end of the month). Note thate, gt in Equation(3) is the derivative called
ifwa-seor age With segagdets the total dischargsstimated using the GRAG#erived
waterstorage changesver Yangtze basjnt is important to mention that this value includes the total
surface inflows and outflows, total groundwater inflows and outflows, as well as tidal inflows
and outflowq23].

Given that the difference betweéhand U Ss a constant value (mean of the study period), the
following equation can be derived from numerical differentiation using the center difference
(two-sided differene):
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DS (0, -aS) ©

whereqs is the approximation of the water mass variations of mon#cessary ifcquation(3) for
estimatesof the total basin discharg®. As mentioned in Section 24, the RLO5 of L2 products
(St okes 6s c wmissing for2002. Taakylate ahevaterstorage changéy®d) for January
2003, the watestorage anomalgli Bof December 2002 is necessary. Thhe, waterstorage changes
were calculatedduring the period=ebruary2003 to December 2009. This time span was adopted
because the two recordS8RACE and observed streamflow) overlap for the pediaduary2003 to
December 2009Monthly waterstorage anomalies for the missing period of June 2003 were
interpolated based on values corresponding both to the previous and following [B6hths

Furthemore, & reported by Syeet al [23], the difficulty in the direct application dEquation(3)
is the high uncertainty d& (evaporation). To estimate evaporation over the Yangtze basin we used the
four versions ofGLDAS (Section2.1.3. As in Xueet al.[46], we assessed the relative quality of the
GLDAS-estimated evaporation by using a proxyEofrom water balance metho&everal authors
(e.g, [36,47,48) have used evaporation predicted by the GLDAS to validate results derived from a
combined approaclf using GRACE and other data sets. In Rodllal [47], an RMSE of
0.83 mm/day~24.9 mm/monthjvas found over the Mississippi River basin; in Ramiliral [36],
0.53 mm/day (~15.9 mm/month)was determined over the Yangtze basin; and Cesanelli and
Guarracind48] found 0.83 mm/day~24.9 mm/monthpver the Salado basin in Argentina. Typically,
they reachvalues of approximately 28.8 mm/month, which seems to be the current level of accuracy of
GRACE solutions in terms of the watsiorage changestféarge river basins. For comparison with the
GRACEderived watesstorage changes, TRMM precipitation data and the four versions (CLM, Mosaic,
Noah and VIC) of GLDASstimated evaporation were used. In this regard, we did not apply a filter
scheme as for GRACEecause the watstorage anomalies werescaled ¢f. subSection2.2.1)

3. Results and Discussion

Overall, the results presented in Figueeshow that th&sRACE-derived wateistorage changes by
using the RLO5 of L2 products i(e., spherical harmonic coefficientdfjom the three different
processing centerf.e., CSR, GFZ and JPLare in good agreemenEven without replaag the
GFZ-estimatedC, by thosederived from SLR(cf. [11]). We performed a crossorrelationbetween
the three time series of watstoragechanges. W found a correlation coefficient of 0.96 between CSR
and GFZ, 0.98 between CSR and JBhd 0.95betweenGFZ andJPL, whichare significant at the
95% confidence levelAll GRACE solutions show congvable root mean square (RMS) signals
between22.32 mm (CSR),23.04mm (GFZ) and21.57 mm (JPL).The four evaporation products
(Figure 4b)show similar seasonal behaviover the Yangtze basin over the period of study (January
2003 to December 2009 owever, a relative comparisoim terms of the amplituddetween
CLM-estimated evaporation and the other three models (Mosaic, Noah and VIC) sha@isMhia&s
the lowest valueWe decided to check this by using the proxy of evaporation from water balance
method considerin@ 0 Y, i.e, g5= 0, whereR is theobservedstreamflow We found that the
Mosaic,VIC andNoah estimated evaporatiblavethe worst results in terms of big&2(54 16.81and
12.90mm/month, respectively) and RMSB3(85 29.37and26.29mm/month respectively)Thus, it
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seems that the CLMstimated evaporation has the best performance for the basin with a bias of
0.55mm/month and an RMSE @0D.89mm/month

Figure 4. (a) Monthly Gravity Recovery and Climate Experime(@RACE)-derived
waterstorage changes from the three different processing cer@enrstef for Space
Research @SR, Jet Propulsion LaboratorgdPL) and GeoForschungsZentrufGF2));
(b) Monthly evaporations from four versions Gllobal Land Data Assimilation System
(GLDAS) (CLM, Mosaic, Noah and VIC) and those estimatedFoy R; (c) Tropical
Rainfall Measurement Missio(TRMM) precipitation and those estimated by GLDAS
(CLM, Mosaic, Noah and VIC)
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In [46], Xue et al. pointed ot that the uncertainties in the evaporation products come from various
sources such as meteorological and surface cover data as well as the algoritibetasisdof these
forcing data are provided {27]. Here, we investigated the time series of theifay data in terms of
precipitation over Yangtze basin. The Figure gtoows that the CLM, Mosaic, Noah and VIC
estimated precipitation all have similar fluctuations among them, but slight differences to those of
TRMM. There arenegativebiases for all fouversions of GLDASrecipitation products, for CLM it is
1 11.64mm/morth, for both Mosaic and Noah it is approximatal®.32 mm/morth, and for VIC it is
19.36 mm/morth. It seems that the GLDAS precipitation has a dry bias over Yamhgtzea;this will
needto be investigateds well as the systematic error from other input variables in GLIRAR (
downwardshortwave radiatioforcing).

The Taylordiagram[49] (Figure 5 presents the results of statistical comparisons betleen
observed streamfloiRef.) and: GRACE-estimatedlischarge by using different process centers (CSR,
GFZ and JPL) combined with evaporatipredictedfrom four versions of GLDAS (CLM, Mosaic,
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NoahandVIC); by consideringhe waterstorage changes equal a zeys € 0,i.e,0 0 O).In
general, the RMSE between GRACHased dischargend observed streamflowre less than
25 mm/morh (~0.83 mm/day) The lowest RM&s are found with JPL, CSRand GFZ by combing
evaporationpredictedfrom CLM which are approximatelyl4.30, 1462 and 16.02 mm/monthwith
correlation coefficierst of 0.74, 0.71 and 062, respectively Additionally, the residual between
observed streamflow and derived discharge by considering-staraige changes equal a zero provide
RMSEs of 20.98 33.96 26.36, and ®.51 for CLM, Mosaic, Noah and VIC, respectivelyor some
reasos, not explored in this studZLM-estimated evaporation delighe best results over Yangtze
basin The overall agreement between the observed streamflow and estimated discharge is better tha
thatof P 1 E. An improvement of approximately23o between the best estimation by using GRACE
(i.e., JPL/CLM) and the best estimation by usiRg E is noted in terms of RMSHhis means that
GRACE-derived watesstorage changeseemto play an importantale in the water balancat a
seasonal time scaléBhe annual accumulated between 2004nd2009 reveals that the largest value
was27.98mmin 2008 and the smallest was86 mm in 20® which is equivalent to approximately
5% and 1%of the annuahccumulatedP T E, respectively.

Figure 5 Tay !l or 6 s tdtisteay comparisanfbetween the time serieslferved
streamflow(reference) at Datong hydrological station and estimdisthargeates
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Because the results using coefficients from CSR, GFZ, and JPL are statistically identical over
Yangtze basin, for the remainder of this study we utilized only the total discharge estimated by
JPL/CLM. The same holds for CLMstimated evaporatiatue toits goodperformancen terms of the
bias and RMSEQverall, the results presented in Figure 6a show that the estimated total basin
discharge (black line) and observed streamflow (blue line) are in consensus for the Yangtze basin.
These resuls for the Yangte basinare comparableto that of Syedet al. in [25], who applied a
different methodology and data séi$mospheric moisture storage and divergence from two available
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global reanalysis products (National Centers for Environmental Protection and N&®mal for
Atmospheric Research NCERCAR). Their results for the total discharge derived from
GRACE NCER NCAR for the Yangtze basin (see Figure 2 of Sytdal [25]) indicate seasonal

cycles with magnitudes of approximatel9lkm® (~66 mmconsi deri ng the Yan:
equall.8 x 10° km?) peakto-peak with a correlation coefficient of 0.92. As such, our results show that
this range is not consistent with the total variation in the estimated total basin discharge time series
(~47 mm) in Figure 6b and similarly, we found a correlation coefficient o3.0Bhe difference
between both resul{s-19 mm) could be associated with a difference in the methods of GRACE data
processing €.g, RLO3 vs. RLO5), coupled lané&tmosphere water masslance (here we used only
land), the duration of the study periods, and the size of the study area. Additionallyet Syda@4]
mentioned that the error in atmospheric moisture flux from reanalysis affects the accuracy of the
estimated total dischargBor comparison, Figure 6b also shows that the variability of the estimated
discharges using 1 E (red line) and the observed streamflow areveakagreement in terms of the
amplitude and phase withthe Yangtze basin.

Figure 6. (a) Monthly estimated Yangtze total basin discharge (black line) and observed
streamflow (blue line) as well as estimated discharge with thoBel oE (red line). The
error bars in GRACHlerived discharge &re calculated by using the Equatior) (©f [36]
andEquation 28) of [42] with a95% confidencg(b) Comparison of theeasonatycles of
estimated discharge with thoseRt E and observed streamflow. The error bars represent
the standard deviation for the monthly mean values

The variability of the estimated discharge by udthg E (red line in Figure 6a) often exceeds that
shown by the observed streamflow. In contrast, the annual cycles of the GiRek@&d discharge can
in part explain the majority of the discrepancies mmte of the amplitude and phase. For the Yangtze
basin, the inclusion of GRAGEstimated watestorage changes leads to a better representation of the
dischargeThe magnitude of the annual amplitude Far E discharge i82.0mm/morth, whereas is it
only 23.4 mm/moth for the observed streamflow and.@ mm/mortih for the GRACEderived results
(Table 1).Additionally, estimated low flows arsimilar for GRACEbased discharge and those from
P 1 E, howeverlower than observestreamflow(Figure 6a) The phase shift between the time series
(Figure 6) can be verified in Table 1 at both annual and-aenmual time scales. For the case of
GRACE-estimated discharge and observed streamflow this phase difference is approximately



