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17 Abstract

18 Land surface models are excellent tools for studying how climate change and land use affect
19  surface hydrology. However, in order to assess the impacts of earth processes on river flows,
20  simulated changes in runoff need to be routed through the landscape using a hydrological

21  transport scheme. In this Technical Note we describe the integration of the Ecosystem

22 Demography (ED2) model with a hydrological routing scheme. EDQ—is-a-te#est-HaJ—bmspheﬁeE

e- The resulting
26  ED2+R model calculates the lateral propagation of surface and subsurface runoff resulting from
27  the terrestrial biosphere models’ vertical water balance in order to determine spatio-temporal

28  patterns of river flows within the simulated region. We evaluated the ED2+R model in the
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Tapajés, a large river basin in southeastern Amazonia, Brazil. The results showed that the
i i ED2 wi i i improv ili

1 Introduction

Understanding the impacts of deforestation (e.g., Lejeune et al. 2015; Medvigy et al. 2011;
Andréassian 2004) and climate change (e.g., Jiménez-Cisneros et al. 2014) on the earth’s water
cycle has been a topic of substantial interest in recent years because of potential serious@
implications to ecosystems and society (e.g., Wohl et al. 2012; Brown et al., 2005). Analyses
of impacts of climate change on the earth’s water cycle are increasingly using terrestrial

biosphere models, which are capable of estimating changes in the vertical water balance e-e—@

23
24
25
26
27
28
29
30
31
32

function of climate forcing and and/or land-use induced changes in canopy structure and
composition (Zulkafli et al. 2013).

i .%}@)Ies of terrestrial biosphere models actively used for hydrological
and earth systems sciences include: the Joint UK Land Environment Simulator (JULES) (Best
et al. 2011; Clark et al. 2011); the Community Land Model (CLM) (Lawrence et al. 2011,
Oleson et al. 2010); the Lund-Potsdam-Jena (LPJ) land model (Gerten et al. 2004; Sitch et al.
2003); the Max Plank Institute MPI-JSBACH model (Vamborg et al. 2011; Raddatz et al.
2007); and the Integrated Biosphere Simulator (IBIS) (Kucharik et al. 2000).

Bormulations of the hydrological processes within terrestrial biosphere models were
based on simple “bucket” model formulations (Cox et al. 1999 after Carson 1982). Moisture
within each climatological grid cell of the domain was simulated in a single below-ground pool
in which surface temperature and specific soil moisture factors determined evaporation, while
runoff was equal to the bucket overflow (Cox et al. 1999; Carson 1982). Since that formulation,
the hydrologic schemes within terrestrial biosphere models have become increasingly
sophisticated. In the most recent generation of land surface models, water fluxes in and out of
the soil column are vertically-resolved and take into account feedbacks among the different
components, for instance, through an explicit formulation of the soil-plant-atmosphere
continuum that allows a better representation of the interactions between evapotranspiration,

2
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This study focus on river routing... too much background information about the evolution of the vertical balance formulations, specially, when compared to literature of recent advances on
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Yazamaki et al. 2011 Water Resour. Res. 47, W04501, doi:10.1029/2010WR009726
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1  soil moisture and runoff (Clark et al. 2015). #h&hﬁqﬁﬁy—m%hﬂ—bwsph%nedeh—eanm

6 river flows from a land surface model that could be compared with actual river gauge
7

observations, water runoff must be routed through the studied landscape, considering the

8  topographic and geomorphological features that control water flow (Arora et al. 1999).
9 Congﬁuently, terrestrial biosphere models have been integrated with routing schemes. For
10 ple, JULES has been integrated with the Total Runoff Integrating Pathways (TRIP) (Oki
11  etal. 2001; Oki et al. 1999); LPJ with the routing scheme described in Rost et al. (2008); CLM
12 with the Variable Infiltration Capacity’s river routing model (Liang et al. 1994); MPI-JSBACH
13  with the Hydrological Discharge (MPI-HD) model (Hagemann & Gates 2001; Hagemann &

14 Dumenil 1997); and IBIS with the river transport model THMB (Coe et al. 2008).

15 Simil@i to the models mentioned above, the Ecosystem Demography (ED2) is a terrestrial
16 l@ re model that simulates the coupled water, carbon, and energy dynamics of terrestrial
17 land surfaces (Longo 2014; Medvigy et al. 2009; Moorcroft et al. 2001). ene-ef-ehe-key-beﬁemag

v = 5 V5 v >

24 For example, ED2 was successfully used to simulate the carbon flux dynamics in the Northi

25 American continent (Hurtt et al. 2002; Albani et al. 2006). and to assess the impacts on

2 n also successfully applied t the impacts of deforestation on the Amazonian climate

29 (Knoxetal. 2015: Swann et al. 2015). EDQ—is-a-uque%eHe-e\&ua{e-mﬁaets#em-g#ebal-and@

31— hydrelegical-studies: In this technical note, we describe the integration of ED2 with a flow

32 routing scheme. This exercise is aimed at calculating the lateral propagation and attenuation Qfé

33 he surface and subsurface runoff resulting from the vertical balance calculations. reproducing
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At the moment, the introduction indicates you implemented river routing mostly because ED2 didn't do it.. and that it could be useful.. ok...
Your scientific question is not clear.. based on background literature. Why are you doing this study? Again, why do you want to improve the river routing?

Why inland waters are important?
One reason..
Cole et al. 2007 Ecosystems (2007) 10: 171-184 DOI: 10.1007/s10021-006-9013-8

Why modeling and remote sensing are needed at large-scale?

Some examples..

Alsdorf, D. E., E. Rodriguez, and D. P. Lettenmaier (2007), Measuring surface water from space, Rev. Geophys., 45, RG2002, doi:10.1029/2006RG000197.

Prigent et al. (2007) Global inundation dynamics inferred from multiple satellite observations, 1993-2000, J. Geophys. Res., 112, D12107, doi:10.1029/2006JD007847.
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in this way river flows through a large basin. T%@antage of the proposed model is the ability
to better predict the sensitivity of river flows to global and regional environmental changes,
combining the advantages of biosphere and hydrological models, bringing together global,
regional, and local scale hydrological dynamics in a single modelling framework. The product
obtained from this exercise was tested in the %@ basin, a large river system in southeastern

o o1~ W N

Amazonia, Brazil.

8 2 Ecosystem Demography (ED2) model

9 ED2 @a biosphere simulation model capable of representing biological and physical processes
10 g]ng the dynamics of ecosystems using climate and soil properties. It is unique amongst
11  terrestrial biosphere models because, rather than using a conventional “ecosystem as big-leaf”
12 assumption, ED2 is formulated at the scale of individual plants. lhe—msu-l-t-i-ng@osystem-scale

13 dynamics and fluxes are t-hen@alculated through a—ie;maJ@caling procedure

14—captures-the-resulting macroscopic behavior of the ecosystem within each clima%ical grid-
15  cell. It simulates ecosystem structure and dynamics as well as the corresponding carbon, energy,
16  and water fluxes (Figure 1; Hurtt et al. 2013; Medvigy et al. 2009; Moorcroft et al. 2001). ED2
17 simulates the dynamics of different plant functional types subdivided into tiles with a
t al. 2009).

18 homogeneous canopy (Swann et al. 2015; Medvigy e

22—Medvigy-et-ak-2009): Each grid cell is subdivided into a—se%ies—e%amic tiles that represent
23  the sub-grid scale heterg%ﬂneity within each cell. IFhe—si-ze—e#—t-he—g-r-iel—eel-l—is@ermined by the
24 resolution of mete(%gical forcing and soil characteristics data, typical from 1 deﬁ to 1 km.

25 =

27 simulates biosphere dynamics taking into consideration natural disturbances, such as forest fires

28 and plant mortality due to changing environmental conditions, as well as human-caused
29  disturbances, such as deforestation and forest harvesting (Medvigy et al. 2009; Albani et al.
30 2006). Bi i
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- The model is composed of
several modules operating at multiple temporal and spatial scales, including plant mortality,
plant growth, phenology, biodiversity, soil biogeochemistry, disturbance, and hydrology

reader to the literature available (Zhang et al. 2015; Longo 2014; Medvigy et al. 2009;
Moorcroft et al. 2001). m_thisﬁf&tjgn,@ve describe in further detail the hydrological sub-
10  component, most related to the topic of this specific study. The hydrological module of the ED2
11 model is derived from the Land Ecosystem-Atmospheric Feedback model (LEAF-2) (Walko et

5
6
7  (Longo 2014; Medvigy et al. 2009). For a more complete description of the model, we refer the
8
9

12 al. 2000). The model computes the water cycle through the vegetation, air-canopy space, and
13  soils, which results in daily estimates of subsurface and surface runoff from each grid cell,
14  isolated from the others in the domain. The number of soil layers and their thickness influengdé
15 th racy with which the model is able to represent the gradients near the surface. Hydrauli
16 conductivity of the soil layers is a function of soil texture and moisture (Longo 2014).

17 Groundwater exchange is a function of hydraulic conductivity. soil temperature and terrain

21

22 %@EDZ runoff routing scheme (ED2+R)

23  Daily runoff estimates from ED2 were computed for specific grid cells independently; therefore
24 ahydrological routing scheme was linked to this model in order to estimate ﬂmumgnumang
ion as water moves through the landscape tewapds-ﬁhe-basi-n-eu{-le@The flow
26  routing scheme chosen was adapted from the | B, a rainfall-runoff model that has been
27  extensively used in large river basins in South America (Collischonn et al. 2007). :I'-he-eﬂg-ma@

30 e latter two sub-models were utilized as the processes accounted for by the first two are
31 estimated with ED2. The resulting ED2+R model computes the daily total volume of water

32 passing through any given grid cell in the resulting drainage network in two separate steps:
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Include additional and more recent MGB-IPH studies, you can check a list for reading at (www.ufrgs.br/hge/publicacoes/).

It important to stress that although the typical application uses a Muskingum-Cunge approach for river routing, the new MGB-IPH already allows the use of hydrodynamic solution and
floodplain coupling (i.e. local-inertial, Pontes et al. 2015). In the Amazon River Basin application (Paiva et al. 2013) a full hydrodynamic solution was also required to solve low slopes and
floodplain inundation characteristic of this basin.

This MGB-IPH model improvements must also be described and could be taken into the discussion as well.. along with the other models.

PONTES et al. (2015) Modelagem hidroldgica e hidraulica de grande escala com propagacéo inercial de vazdes. Revista Brasileira de Recursos Hidricos, vol. 20, n. 4. 2015.
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1  First, ED2 estimates of daily surface and subsurface runoff from each grid cell are divided into

2  three linear reservoirs with different residence times to represent omlang_tmus_u_mﬂ

(Figure 2).

4 The reservoirs are used to determine the contribution and attenuation of river flow by different
5 soil layers, characterized by different propagation times. The sum of overland flow, interflow,
6 and groundwater flow is then moved from each grid cell into the drainage network comﬁted
7 A

from a digital elevation model (DEM) using the COTAT (Cell Outlet Tracing wit re
Threshold) algorithm (R 2 nd_is enhanced with rameter th ratel ign

ow direci . . . L
1 ri Il therefor com rt of a flow path which then umulates water to a final
11 wnstream drain n rk_outlet (Figur - Panel b). A compl ription of th
1 .

14 Once water reaches the drainage network, ED2+R solves the Mmkmmmﬂngwmm@f

15  flow routing &sing a finite-difference method as a function of river length, width, heigh@nd
16  roughness as well as terrain elevation slope (Collischonn et al. 2007; Reed 2003). w@

18  on geomorphic data collected by Brazil’s National Water Agency (ANA) and the Observation

19 _ Service for the geodynamical, hydrological and biogeochemical control of erosion/alteration

24 Multiple groups of grid cells with common hydrological features, or hydrological response

25 units, can be created in order to parameterize and calibrate ED2+R. In our approach,
26  hydrological traits associated with soil and land cover are primarily computed in ED2, thus we
27  calibrated ED2+R at the subbasin level as delineated considering the DEM. Details about the

28  calibration procedure are provided in the next section.
29
30 ZL%}@ameterization and evaluation for the Tapajds river basin application

31  We parameterized and evaluated the ED2+R formulation for the %iver Basin, one of
32  the largest tributaries of the Amazon. For calibration purposes the was divided into seven

6
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1  sub-basins, ﬁ%@f them with a corresponding gauge for which historical daily river flow
2  observation e available (Panel a in Figure 3). Simulations were carried out for the period
3 1970-2008. %]EDZ model was forced using reconstructed climate (Sheffield et al. 2006) and
4 land use/land cover data (Hurtt et al. 2006; Soares-Filho et al. 2006) at 1-degree spatial
5  resolution. The original meteorological dataset has a 3-hour temporal resolution, which was
6

downscaled to an hourly resolution, as des

cribed in Zhang et al. (2015). Surfaee—and—s&bsurfaee@

9  Model Calibration: The @)%R model was manually calibrated through a two-step procedure
10  using gauge observ (HYBAM and ANA) spanning a period of 17 years, from 1976 to

11 1992 (the period 1970-1975 was not considered in order to avoid simulation initiation effects).
12 In the first step, the flow partitioning between the J:EI ED2 surface and subsurfaceé
13 reservoirs and the ED2+R surface, intermediate, and base reservoirs (parameters o and f in

14 Figure 2) were adjusted. Following the methodology described by Anderson (2002), the
15  sensitivity of the a and B parameters was tested by running the m@ﬂ_mgulmlﬂlmﬂﬂ%). For

16  each run, the goodness-of-fit was quantified comparing the results of the simulation to historical
17  flow observations. The combination of the a and B parameters characterized by mg_mgh&sﬂﬁ
18  goodness-of-fit was selected. Parameters o and 3 were assumed to be uniform for the whole
19  basin. In the second step, the residence times (z) of flow within the ED2+R reservoirs of each
20  grid cell in the domain were calibrated (CS, CI, and CB in Figure 2). The calibration procedure
21  characterizing the second step is similar to the previous one but in this case the calibration is
22 repeated for each subbasin sequentially; the calibration process was conducted from the furthest
23 upstream subbasins — headwaters — to the final outlet of the basin (Anderson 2002). The model
24 was run multiple times (between 30 and 50 per subbasin) with different combinations of the
25  three parameters (CS, ClI, and CB in Figure 2); for each run, the goodness-of-fit was quantified.
26  This allowed us to design a sensitivity curve of the model to different combinations of the three
27  parameters for each of the seven subbasins, and to select the combination that best approaches
28  the historical observations. EH observations in the river flow records were filled via linear
29  spatial and temporal interpolation between the series in neighboring gauge stations (Equation
30 1)

31

32 Obsy(t) =K+ By Obs,(t) + B+ Obsy(t) + B3+ Obs,(t —365) + B4 Obs,(t+365) (1)
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2 Wherez,y, and g are three gauge stations with timeseries highly correlated (Pearson's r > 0.85),
3 andt expresses time in days. The estimated B coefficients were used for the estimation of the
4 missing observations in the site y. For further details on the calibration procedure, see Appendix
5 B.

[op}

The period 1993-2008 was used for model evaluation. Comparison between observations and
7 g] ated flows (goodness-of-fit) were carried out using RQ&IMLRJ&I@&UQHMQ@I@
Pearson 1 volume ratio, and the Nash-Sutcliffe (NSE fficient (Nash tcliffe 197
(Figure 4).

©

10

a3

1 5 ults =]
12 T%W%Zration of the routing scheme with ED2 s—ubs&aa&al-l-y@creases the ability of the model
13  to accurately reproduce the observed temporal variations in river flows at the basin outlet
14 (= 5). This statement applies to all of the sub-basir%@he application of the routing
15  scheme wbs&ant-i&l-l-ﬂ%]@ed the geedﬁess-ef—f@ween simulated and observed values with
16  respect to all three measures, Nash-Sutcliffe (NSE) (Figure 4, panel a), Pearson’s R correlation
17  coefficient (panel b in Figure 4), and volume ratio (panel c in Figure 4). Both routed (ED2+R)
18 and non-routed (ED2) simulation results manage to reproduce reasonably weII@ observed
19  water availability@v)the basin in terms of volume (panel c in Figure 4); however, the-appl-iea{-ien@
20——ef the routing scheme improves the ability of the model to reproduce the sgatio-temporalié

tion of water flows across th in (panel nd b in Figure 4, and Figure 6). The
22 model’s performance in simulating river flows is generally higher@he downstream sub-basins
23 and poorer in the headwaters; in the Upper Teles Pires and Upper Juruena, the model achieved
24 the lowest NSE, and although water volumes are reproduced reasonably weII,@Lmssml

25 variability is less accurate. The NSE and correlation values increased substanptially in the central
26 and lower part of the basin (Figure 4 and Figure 6). The Jamanxim basin results, especially

27 __during the validation period, are affected by the very short and fragmented observation time
28 _series.
29 duration curves, representing the probability of the flow values to exceed a specific value,

30  highlight the substantial-imprevement of the model results after applying the routing scheme

31  (Figure 6). The simulated flow duration curves show an excellent match to the observations in




Page:8

= Number: 1 Author: Reviewer Subject: Note Date: 2016-06-14 15:29:27

Explain volume ratio statistic.
The more recent Kling-Gupta efficiency metric (Gupta et al. 2009) overcomes some of the Nash-Sutcliffe's flaws, please calculate it.

Gupta et al, 2009, Journal of Hydrology, doi:10.1016/j.jhydrol.2009.08.003

[T] Number: 2 Author: Reviewer Subject: Underline Date: 2016-06-17 19:52:59

= Number: 3 Author: Reviewer Subject: Note Date: 2016-06-17 23:45:24

You also have the opportunity to compare the results for:
ED2

versus

ED2+ catchment routing

versus

ED2+catchment-+river routing

= Number: 4 Author: Reviewer Subject: Note Date: 2016-06-17 19:45:56

Focus on important numbers and features... some of interpretations could be better used in the discussion...

[F] Number: 5 Author: Reviewer Subject: Strikeout Date: 2016-06-17 19:53:28

= Number: 6 Author: Reviewer Subject: Note Date: 2016-06-14 15:37:37

show time series for the seven basins.

= Number: 7 Author: Reviewer Subject: Note Date: 2016-06-14 15:31:14

Results shown in Figure 5 can be summarized in a Table, which will also facilitate the reading of metric values.

= Number: 8 Author: Reviewer Subject: Note Date: 2016-06-14 15:39:50

Describe this improvement, in values, in the text.

] Number: 9 Author: Reviewer Subject: Strikeout Date: 2016-06-17 19:53:24

=|Number: 10 Author: Reviewer Subject: Strikeout Date: 2016-06-17 23:29:16

model skill or model performance.

ILNumber: 11 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:27:33

what do you mean by reasonable well?

7] Number: 12 Author: Reviewer Subject: Strikeout Date: 2016-06-17 19:47:17

ILNumber: 13 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:28:34

what do you mean by water availability?

[T] Number: 14 Author: Reviewer Subject: Underline Date: 2016-06-17 23:29:05

so.. the routing scheme, improved the routing when compared to the model with no routing... and?

7|Number: 15 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:29:34

*higher?

ILNumber: 16 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:27:55

reasonably well... what is this?
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2 Wherez,y, and g are three gauge stations with timeseries highly correlated (Pearson's r > 0.85),
3 andt expresses time in days. The estimated B coefficients were used for the estimation of the
4 missing observations in the site y. For further details on the calibration procedure, see Appendix
5 B.

[op}

The period 1993-2008 was used for model evaluation. Comparison between observations and
7 g]lated flows (goodness-of-fit) were carried out using Pearson’s R correlation coefficient
Pearson 1 volume ratio, and the Nash-Sutcliffe (NSE fficient (Nash tcliffe 197

(Figure 4).

©

10

11 5 Results =]

12 T%lltegration of the routing scheme with ED2 substantiathy increases the ability of the model
13  to accurately reproduce the observed temporal variations in river flows at the basin outlet
14 (F==re 5). This statement applies to all of the sub-basir%]s the application of the routing
15  scheme substantiaHy g]oved the geedness-ef-fit between simulated and observed values with
16  respect to all three measures, Nash-Sutcliffe (NSE) (Figure 4, panel a), Pearson’s R correlation
17  coefficient (panel b in Figure 4), and volume ratio (panel c in Figure 4). Both routed (ED2+R)
18 and non-routed (ED2) simulation results manage to reproduce reasonably well the observed
19  water availability in the basin in terms of volume (panel ¢ in Figure 4); however, the-application

20——of the routing scheme improves the ability of the model to reproduce the spatio-temporal

tion of water flows across th in (panel nd b in Figure 4, and Figure 6). The
22 model’s performance in simulating river flows is generally higher in the downstream sub-basins
23 and poorer in the headwaters; in the Upper Teles Pires and Upper Juruena, the model achieved
24 the lowest NSE, and although water volumes are reproduced reasonably well, wmﬂ
25 variability is less accurate. The NSE and correlation values increased subet&n&alﬁ@he central
26 and lower part of the basin (Figure 4 and Figure 6). The Jamanxim basin results, especiallﬂié
27 __during the validation period, are affected by the very short and fragmented observation time
28 series.
29 %ﬂzﬂaﬂon curves, representing the probability of the flow values to exceed a specific value,
30  highlight the substantial-imprevem

31  (Figure 6). The simulated flow duration curves show an excellent match he observations in




IEINumber: 17 Author: Reviewer Subject: Underline Date: 2016-06-17 23:30:21

i can't see this result anywhere in figures or graphics..or anywhere..

7] Number: 18 Author: Reviewer Subject: Strikeout Date: 2016-06-17 19:54:19

r|Number: 19 Author: Reviewer Subject: Underline Date: 2016-06-17 23:30:54

| can't see this anywhere..

= Number: 20 Author: Reviewer Subject: Note Date: 2016-06-14 15:50:00

Explain FDCs briefly in methods

[T] Number: 21 Author: Reviewer Subject: Underline Date: 2016-06-17 23:31:16

at this point | know you are applying the routing scheme... use ED2 according ED2+R to avoid repetition

(7] Number: 22 Author: Reviewer Subject: Strikeout Date: 2016-06-17 19:54:29

ILNumber: 23 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:31:27

"Excelent.." | can see the significant improvement... Use metrics, please.
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the furthest upstream sub-basins, especially in the cases of the Upper Juruena and Upper Teles
Pires (panels a and b in Figure 6For downstream subbasins, Lower Juruena and Lower Teles

Pires, flood duration curves show a general tendency@f overestimating the lowest values of the

1
2
3
4 distribution (panels c to g in Figure G)B'i'his is also evident in the multiyear hydrograph (Figure
5 5), which shows that the ED2+R tend to overestimate@e observations during the dry seasons
6

of the period under consideration. %E

8 6 Discussion

9  As the results in Figures 4-6 show, the integration of ED2 with a simple one-way routing@

10  scheme substanﬁal-l-y@creases he-medel’s-akili

11 large—riverbasin: The results highlight the ability of the ED2+R model to more accurately

12 capture the hydrological dynamics in the study domain in terms of both volumes (Figure 6) andé
13 seasonality of river flows (Figure 5). As seen in Figure 6, the performance of the model in

14 simulating river flows in the basin is generally higher in the downstream sub-basins and poorer

15 in the headwaters. This i ivel i i i

16 combination with the limitations typical of most land surface models in capturing the

18 2004). The combined effect of groundwater interactions and spatial resolution is more evident

19 in the upstream part of the basin because of the greater marginal contribution of baseflow in

20  these areas. Further downstream, the effect of groundwater interactions and spatial resolution

21
22 __upstream subbasins. Other recent hydrological simulations of the Tapajos have obtained higher
23 accuracy (e.g. Mohor et al. 2015; Collischonn et al. 2008; Coe et al. 2008); , these

24 simulations were set up discretizing the basin into a finer spatial resolution gri to 20 km
25  versus 55 km grid cells).

26  The principal@/antage of the ED2+R model is the ability to bette@dict the sensitivity of
27  the river flows to global environmental changes. Ag%éntioned earlier, ED2+R combines the
bring

28  advantages of biosphere and hydrological models, ng together global, regional, and local
29  scale hydrological dynamics in a single modelling framework. This can be used to study how
30 different hydrological systems are being affected by changes in climate forcing and changes in
31  ecosystem composition and structure arising from the combination of: changes in climate, rising

32 atmospheric carbon dioxide, and land-transformation. E]
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[T] Number: 1 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:32:42

(Figure 6a, Figure 6b)

7| Number: 2 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:31:45

What do you mean by general tendency?

[T] Number: 3 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:33:00

(Figure 6¢-6g)

[T] Number: 4 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:33:45

tend??

= Number: 5 Author: Reviewer Subject: Note Date: 2016-06-17 23:33:48

what happens in figure 6g, where ED2+R don't seem to improve lowflows when compared to ED2?

[T] Number: 6 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:34:08

What is a simple one-way routing scheme? Where did this come from?

z|Number: 7 Author: Reviewer Subject: Strikeout Date: 2016-06-17 23:34:25

the performance of simulated daily discharges..

(7] Number: 8 Author: Reviewer Subject: Strikeout Date: 2016-06-17 22:03:49

[T] Number: 9 Author: Reviewer Subject: Underline Date: 2016-06-17 23:34:41

Don't repeat literal results...

r|Number: 10 Author: Reviewer Subject: Underline Date: 2016-06-17 23:36:18

I'm not sure, there are other things to consider like:
Can you explain why this would deep groundwater interactions are important in the Tapajos basin? What's the role of river hydraulics? What is the importance of evapotranspiration in this
basin? How does this affect the model ability to simulate local to global scales?

Can't you calibrate or improve ED2 hydrology model parameterization to fix this? Isn't this asscoiated to the calibrated alfa and beta at the first step?

I;INumber: 11 Author: Reviewer Subject: Underline Date: 2016-06-17 23:36:23

greater marginal contribution? Do you mean baseflow to total flow?
show this...

ENumber: 12 Author: Reviewer Subject: Note Date: 2016-06-17 23:36:33

[T] Number: 13 Author: Reviewer Subject: Underline Date: 2016-06-17 23:37:45

"masked by?"
What do you mean by "larger rainfall-runoff contribution?"

Are you trying to say the river storage is more important than the groundwater?!

ENumber: 14 Author: Reviewer Subject: Note Date: 2016-06-17 22:08:45

So what do you mean by this?
Are these the only differences? What about the precipitation and climatological datasets, landuse vegetation?

Moreover, how is the river parameterization x river routing method x model performance affected at this basin scale?

ILNumber: 15 Author: Reviewer Subject: Highlight Date: 2016-06-17 22:09:04

IEINumber: 16 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:38:07

better than what?
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10
31
12

14
15
16

the furthest upstream sub-basins, especially in the
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cases of the Upper Juruena and Upper Teles

Pires (panels a and b in Figure 6). For downstream subbasins, Lower Juruena and Lower Teles

Pires, flood duration curves show a general tenden

cy of overestimating the lowest values of the

distribution (panels ¢ to g in Figure 6). This is also evident in the multiyear hydrograph (Figure

5), which shows that the ED2+R tend to overestimate the observations during the dry seasons

of the period under consideration. %

6 Discussion

As the results in Figures 4-6 show, the integration of ED2 with a simple one-way routing

scheme substantially increases the-medels—abiti

targe—riverbasina- The results highlight the ability of the ED2+R model to more accurately

capture the hydrological dynamics in the study domain in terms of both volumes (Figure 6) and
13 seasonality of river flows (Figure 5). As seen in Figure 6, the performance of the model in

simulating river flows in the basin is generally hig

in the headwaters.

her in the downstream sub-basins and poorer

combination with the limitations typical of most land surface models in capturing the

18 2004). The combined effect of groundwater interactions and spatial resolution is more evident

19

in the upstream part of the basin because of the greater marginal contribution of baseflow in

20  these areas. Further downstream, the effect of groundwater interactions and spatial resolution

23
24
25

26
27
28
29
30
31
32

accuracy (e.g. Mohor et al. 2015; Collischonn et al. 2008; Coe et al. 2008); ver, these

simulations were set up discretizing the basin int

versus 55 km grid cells).

0 a finer spatial resolution gri to 20 km

The principal advantage of the ED2+R model is the ability to better predict the sensitivity of

the river flows to global environmental changes.

advantages of biosphere and hydrological models,

Ag-@ned earlien £D2+R combines the
bring

ng together global, regional, and Iocal@

scale hydrological dynamics in a single modelling framework. This can be used to study how

different hydrological systems are being affected by changes in climate forcing and changes in

ecosystem composition and structure arising from the combination of: changes in climate, rising

atmospheric carbon dioxide, and land-transformat

ion. %@




IEINumber: 17 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:38:45

why are you repeating this idea?

E-Number: 18 Author: Reviewer Subject: Note Date: 2016-06-17 23:38:17

7|Number: 19 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:39:05

what is: local and regional scale?
Also, it was said before that the ED2+R showed limitations to simulate some groundwater processes in headwaters...

Is ED2+R really prepared to run at global scale? What about the computational effort to run the ED2+R in comparison to ED2? What about its ability represent more complex river systems
(i.e. floodplains, backwater effects)?

ENumber: 20 Author: Reviewer Subject: Note Date: 2016-06-14 16:21:32

What are the current limitations? Where is ED2+R when compared to other more sophisticated models?
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2 7 Conclusions

26

27

28

29

30
31

re- In this Technical Note, we
present the integration of the terrestrial biosphere model Ecosystem Demography 2 (ED2) with
the Muskingum-Cunge routing scheme. We tested the integrated model (ED2+R) in the Tapajds
river basin, a large tributary of the Amazon in Brazil, for the period 1970-2008. The results
showed that the integration of a biosphere model with a routing scheme substantially improves
the ability of the land surface simulation to reproduce the hydrological and river flow dynamics
at the basin scale. The main limitations highlighted in this case study were linked to the@
relatively coarse spatial resolution of the model and the rough representation of groundwater
flow typical of this kind of models. Moreover, the terrestrial biosphere model ED2 and the
routing scheme are presented here in a one-way integration@rhe full coupling of the routing
scheme and ED2 could further improve the ability to reproduce the water balance considering
flooded ecosystems@ feature that could be@(tremely important especially in the simulation of
environments like the tropical forest, where local evapotranspiration plays a primary role in the
specific ecosystem’s dynamics. Future efforts will be oriented towards the resolution of the
highlighted limitations and current research is focusing on the application of ED2+R on
understanding historical changes and future projections of the impacts of climate change and

deforestation on the Amazon’s water resources.

AnmmA — COTAT algorithm
(J;;II outlet tracing with an area threshold (COTAT) algorithm (retrieved from Reed et al. 2003):
., The basic rules for the COTAT algorithm are defined here:

1. Identify an outlet pixel in each coarse-resolution cell. The outlet pixel drains the largest

cumulative area of any pixel in that cell.

10




Page:10

= Number: 1 Author: Reviewer Subject: Note Date: 2016-06-17 23:42:11

Describe your main findings and its relevance..

=|Number: 2 Author: Reviewer Subject: Strikeout Date: 2016-06-17 23:39:32

This is background...

[T] Number: 3 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:41:24

see comment in discussion..

[T] Number: 4 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:39:37

what so you mean by this? and why is this relevant?

[T] Number: 5 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:40:10

not quite... muskingum-cunge is not really appropriate for floodplain dynamics, specially in large tropical floodplains.

also, what do you mean by flooded ecosystems?

~|Number: 6 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:39:54

could be? Isn't it?

= Number: 7 Author: Reviewer Subject: Note Date: 2016-06-17 22:20:59

I don't think this section is needed.
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1 2. For each cell, trace downstream, from its outlet pixel, along the flow path defined by the

2 high-resolution flow directions.

3. For each subsequent outlet pixel reached, determine its total drainage area and subtract the

4 drainage area of the starting outlet pixel.
5 Case 1: If this difference is greater than a user specified area threshold, stop tracing.

6  Case 2: Otherwise, continue tracing to subsequent outlets until either the area threshold is

7  exceeded or until the edge of the high-resolution grid is reached.

8 4. Assign the flow direction of the starting cell toward the neighboring cell with the farthest
9  outletalong the trace defined in steps 2 and 3 “ (from Reed et al. 2003 — Section 3. Methodology,
10 page?2)

11
12 Annex B - Calibration of the ED2+R model for the Tapajés River Basin

13 Inthis annex, we present the calibration of the ED2+R model for the Tapajos river basin. The
14  calibration process has two steps, as highlighted in Figure 2. The first step is the partitioning of
15 the flows from the two reservoirs of the ED2 biosphere model to the three reservoirs of the
16  ED2+R routed biosphere model. The second step regards the adjustment of the residence times
17  of the water flows in the three reservoirs for each of the grid cells in each of the subbasins
18  (overland, intermediate, and groundwater flows — CS, CI, CB in Figure 2). Figure B.1 shows
19  the different combinations of the o and B parameters introduced in Figure 2. The color bar
20 indicates the Nash-Sutcliffe indicator (NSE) resulting from the comparison between the
21  simulated and observed river flow values obtained using different combinations of the
22 parameters a (x axis) and B (y axis). The chosen combination (indicated by an X in Figure B.1)

23 lies in one of the optimal combination areas (NSE ~ 0.8). m

24 The second step of calibration is represented by the adjustment of residence time of the
25  overland, intermediate, and groundwater flows (CS, Cl, and CB in Figure 2). Figure B.2 shows
26 how the model is sensitive to marginal variation in initial conditions of baseflow, particularly
27  in the upstream section (i.e. UTP - Upper Teles Pires, UJ — Upper Juruena, and LTP — Lower
28  Teles Pires). Changes in initial groundwater contributions in the downstream part of the basin
29  are almost completely@inﬂuential for the overall representation of the river flows (i.e. UT and
30 LT - Upper and Lower Tapajos).

11
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= Number: 1 Author: Reviewer Subject: Note Date: 2016-06-17 23:40:48

The only criteria here was the ENS?

This is confusing:
1.Did you calibrate the ED2 (without +R)first?

2. Do you calibrate alfa, beta with ED2+R or ED2 only?

Explain clearly.

[T] Number: 2 Author: Reviewer Subject: Highlight Date: 2016-06-17 23:40:30

"almost completely?"

"unifluential?"
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1 Z%WS describes instead the calibration of the residence time for each of the subbasins. The
2 ent combinations of the values assigned to the parameters CS, CI, and CB significantly
3  impact the overall goodness-of-fit of the river flow simulations (NSE indicator). The calibration
4 process was conducted from the furthest upstream subbasins — headwaters — (UTP — Upper
5  Teles Pires, UJ — Upper Juruena, and JA — Jamanxim) to the final outlet of the basin (LT —
6  Lower Tapajds). The different combinations are marked with the corresponding NSE value; the
7  optimal combination is marked in red (Figure B.3).
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How did you set the range of variation of each parameter?
Does the final parameters have a reasonable physical meaning?
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Figure 3. (a) Organization of the Tapajds basin into seven sub-basins: Upper Juruena (UJ);
Lower Juruena (LJ); Upper Teles Pires (UTP); Lower Teles Pires (LTP); Jamanxim (JA); Upper
Tapajos (UT); and Lower Tapajos (LT). (b) ED2+R represents the domain in grid cells with

0.5 resolution (~ 55 km). The black segments indicate flow accumulation network.
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Juruena (LJ); (d) Lower Teles Pires (LTP); (e) Upper Tapajés (UT); (f) Jamanxim (JA); and

(9) Lower Tapajoés (LT).

beta

’ alpha :

Figure B.1. Calibration of flow partitioning (parameters alpha and beta in Figure 2) between
the ED2 and the ED2+R reservoirs. Color bar indicates the NSE values of the simulated versus

the observed river flow values (0 very different, 1 very similar)
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Figure B.2. Initial conditions of baseflow sensitivity for different ED2+R subbasins in the
domain. Upper Juruena (UJ); Upper Teles Pires (UTP); Lower Juruena (LJ); Lower Teles Pires

(LTP); Upper Tapajos (UT); Jamanxim (JA); and Lower Tapajds (LT).
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Figure B.3. Calibration of the residence times (1) of the flow within the ED2+R reservoirs of
different grid cells in the domain. Overland, intermediate and groundwater flows are indicated
respectively by CS, CI, and CB (Figure 2). In red the chosen combination. (a) Upper Juruena
(UJ); (b) Upper Teles Pires (UTP); (c) Lower Juruena (LJ); (d) Lower Teles Pires (LTP); (e)
Upper Tapajos (UT); (f) Jamanxim (JA); and (g) Lower Tapajés (LT).
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