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ABSTRACT:  Water- and sediment-transfer models are commonly used to explain or

predict patterns in the landscape at scales different from those at which observations

are available. These patterns are often the result of emergent properties that occur

because processes of water and sediment transfer are connected in different ways.

Recent advances in geomorphology suggest that it  is important to consider,  at  a

specific spatio-temporal scale, the structural connectivity of system properties that

control  processes,  and  the  functional  connectivity  resulting  from  the  way  those

processes  operate  and  evolve  through  time.  We  argue  that  a  more  careful

consideration of how structural and functional connectivity are represented in models

should lead to more robust models that are appropriate for the scale of application

and provide  results  that  can be upscaled.  This  approach is  necessary  because,

notwithstanding the significant advances in computer power in recent years, many

geomorphic models are still unable to represent the landscape in sufficient detail to

allow  all  connectivity  to  emerge.  It  is  important  to  go  beyond  the  simple

representation  of  structural  connectivity  elements  and  allow  the  dynamics  of

processes to  be  represented,  for  example  by  using  a  connectivity  function.  This

commentary aims to show how a better representation of connectivity in models can

be achieved, by considering the sorts of landscape features present, and whether

these features can be represented explicitly in the model spatial structure, or must

be represented implicitly at the subgrid scale.

KEYWORDS:  structural  connectivity,  functional  connectivity,  water  and  sediment

transfers, modelling, subgrid processes
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Introduction

The  catchment  provides  a  versatile  domain  for  understanding  geomorphic  and

hydrologic  processes  at  a  range  of  spatial  and  temporal  scales.  However,

interactions, feedbacks and complex behaviour within catchments produce emergent

properties which make it difficult to translate understanding between different scales,

both  in  estimating  larger-scale  properties  from  smaller-scale  observations

(upscaling)  or  smaller-scale  patterns  from  larger-scale  outcomes  (downscaling).

Numerical modelling is often used as a tool to understand catchments and to attempt

to  overcome these scaling  difficulties,  either  by  supplementing  observations with

model results for unmeasured variables or at unmeasured locations (e.g. Stieglitz et

al.,  2003;  Nunes  et  al.,  2009;  Croke  et  al.,  2013),  or  for  designing  and  testing

different conceptual models of catchment behaviour (e.g. Van Nieuwenhuyse et al.,

2011; Hoffmann, 2015).  To do so, models should be able to reproduce both the

patterns and the linkages of water and sediment fluxes within the catchment(s) under

simulation  –  herein  referred  to  as  landscape  connectivity.  Recent  theoretical

advances have improved the understanding of connectivity and the description of

associated processes (Bracken et al., 2013, 2015), and these advances can be used

to create better hydrologic and geomorphic catchment models by improving the way

in  which  they  represent  landscape  connectivity.  However,  achieving  these

improvements is far from straightforward; so far, there is no clear framework to guide

how connectivity should be represented inside model components. 

We  argue  that  the  path  to  building  better  models  is  to  build  more  effectively

connected models, i.e. models which better represent fluxes of water and sediment

through  space,  by  better  representing  connectivity  within  and  between  its

fundamental spatial units. The aim of this commentary is to suggest some ways in

which  a  better  representation  of  connectivity  can  be  achieved.  We  discuss

improvements in parameterizing connectivity,  and propose using the scale of the

fundamental  modelling  unit  to  select  an  appropriate  combination  between

parameterized and emergent connectivity modelling approaches.
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Representing landscape connectivity

The  representation  of  connectivity  in  models  must  first  recognize  the  difference

between structural and functional connectivity. The former reflects static properties of

the system at a given timescale, while the latter represents the dynamic behaviour of

the system at that timescale (Turnbull  et al., 2008; Wainwright et al., 2011; With et

al.,  1997;  Wu  and  David,  2002).  The  actual  separation  between  structural  and

functional  connectivity  depends  on  the  timescale  of  the  analysis,  as  functional

connectivity may act to reorganize the system and change structural connectivity at

longer timescales, which must also be considered in model design (Wainwright et al.,

2011). Once the timescale for a given model is set, functional connectivity will be

represented by the water and material flows simulated by the model, while structural

connectivity  will  be  represented  by  the  model’s  underlying  spatial  structure.

Structural connectivity can be conceptualized as a spatial pattern of interconnected

elements, linking the (microscopic) scale of the fundamental units via their basic links

to neighbouring units, and the (macroscopic) scale at which the overall behaviour is

considered: in this case, the catchment.

The  fundamental  unit  is  the  lowest  level  within  this  spatial  hierarchy,  i.e.  the

measurement  unit  of  the  entity  of  interest.  In  hydrology,  the  fundamental  unit  is

traditionally  defined  based  on  structural  characteristics  of  hydrological  networks,

such as  the  channel  reach  or  sub-catchment,  but  could  equally  well  be  defined

based on the scale of a process or, for convenience, as a single cell (pixel). Defining

the appropriate scale of the fundamental unit should depend on the scale at which it

is  conceptually  robust  to  work  for  a  given  application.  However,  typically,  the

fundamental  unit  is  defined  based  on  the  scale  at  which  measurements  of

parameters or processes are made, or at which data are available (often limited by

access to DTMs), which does not necessarily equate to the scale(s) at which it is

conceptually robust to work (see Grieve  et al., 2016). This mismatch between the

theoretical and the actual scale of the fundamental unit is a common limitation when

designing the spatial structure of models.

Links between fundamental units define the directionality and magnitude of transfers

of  water  or  materials  among  them.  In  catchment  models,  these  links  create  a

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Nunes, J. P., Wainwright, J., Bielders, C., Darboux, F., Fiener, P., Finger, D., Turnbull, L.

(2018). Better models are more effectively connected models. Earth Surface Processes and
Landforms, 43 (6), 1355-1360. , DOI : 10.1002/esp.4323

network for the transfers throughout the system from which, ultimately, the larger

scale  behaviour  is  determined  (see  Heckmann  and  Schwanghart,  2013).  The

properties of each basic link can be represented as continuous (i.e.  based on a

process,  such  as  the  water  flux  through  a  stream  reach)  or  discretized  (i.e.

classifying the property as high, intermediate, low, null) or even binary (i.e. on/off)

(e.g. Larsen et al., 2012). The scale at which fundamental units are represented will

affect how links can be represented, and therefore limitations in defining units will

affect the structural link network.

Addressing connectivity in models

Distributed hydrological and sediment-transport models have been developed over

the last few decades to take advantage of increased process understanding and

availability  of  spatio-temporal  data.  To  implement  the  concepts  of  landscape

connectivity  in  these models (e.g.  Bracken and Croke,  2007;  Lexartza-Artza and

Wainwright,  2009; Western  et al.,  2001),  a range of approaches can be adopted

between two extremes (Figure 1): 

(i) A fully  explicit  approach,  in  which all  system properties and processes

considered  relevant  are  explicitly  taken  into  account,  and  where

connectivity is an emergent property from model results – in other words

where basic  links are considered explicitly;  for  instance,  high-resolution

spatially distributed models. 

(ii) An implicit approach, in which some or all connectivity-relevant links and

properties  are  represented  through  proxies,  and  processes  have  been

parameterized  to  include  connectivity;  for  instance,  lumped  catchment

models.

(iii) Hybrid  approaches,  standing  in-between  these  extremes,  are  also

possible; for instance, large watershed models linking lumped models of

individual catchments to a distributed model of the stream network.
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Figure  1:  Schematic  overview  of  the  different  representations  of  landscape

connectivity in different modelling approaches.

A large  number  of  spatially  distributed  hydrological  and  erosion  models  seek  to

represent the connectivity of most processes explicitly, by attempting to appropriately

define the fundamental unit and their links (e.g. De Roo et al., 1996; Cerdan et al.,

2002;  Nunes  et  al.,  2005;  Wainwright  et  al.,  2008),  providing a physically  based

description of the link (e.g. Finger  et al., 2011) and, in some cases, including the

dynamic evolution of links due to micro- or macro-topographic changes (e.g. Schoorl

et al., 2002; Fiener et al., 2008; Ciampalini et al., 2012). However, even in the most

complicated  of  these  models,  connectivity-relevant  properties  and  processes  are

only in part represented explicitly, due to (i) the incomplete understanding or coding

of  processes,  (ii)  model  resolution  and  computational  considerations,  and  (iii)

theoretical  limitations  to  model  completeness  (Mulligan  and  Wainwright,  2013a;

Rosenblueth and Wiener,  1945).  Model  resolution is,  in  fact,  often too coarse to

represent the system in such a way that connectivity can emerge.

Furthermore,  links  between  fundamental  units  are  often  hidden  in  effective

parameters  (i.e.  model  parameters  which  are  different  from  the  equivalent

measurement  to  account  for  a  process  which  the  model  structure  does  not

represent),  and  thus,  links  do  not  dynamically  interact  with  connectivity-related

processes.  A typical  case in  many runoff  models is  where random or  orientated
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surface roughness is parameterized (e.g. as static Manning’s n or roughness height

due to tillage operations) without any process interaction (e.g.  Smith  et al.  2007;

Williams, 1970; Fiener et al., 2008). These problems may be hidden by the disparity

in  the  scales  of  the  fundamental  unit  (usually  the  raster  cell)  and  of  the  field

observation used to evaluate the model (often a catchment outflow), but they are

important in the simulation of spatial patterns.

Problems can be circumvented by using the implicit  approach:  representing fine-

scale structures and processes within coarser-scale modelling approaches, which

helps to improve representations of landscape connectivity, and at a lesser cost in

terms of data input and computational requirements but at the expense of some loss

of accuracy compared to a fully explicit model. This approach is usually adopted by

lumped  and  semi-distributed  models  used  on  larger  scales,  i.e.  where  the

fundamental unit is defined at a much coarser spatial scale  (e.g. in SWAT; Arnold

and Fohrer, 2005; see discussion in Mulligan and Wainwright 2013b). However, in

the implicit approach, connectivity is also often represented by effective parameters

with little dynamic evolution or interaction between processes, limiting the simulation

of emergent behaviour at the catchment scale. For example, connectivity is implicit in

the use of soil moisture to select different rainfall-runoff response functions such as

with the Curve Number approach (Garen and Moore, 2005), or in the use of a single

value to represent sediment transfer between units, either a fixed percentage (e.g.

Watem-Sedem, Van Oost et al., 2000) or a fixed mass (e.g. STREAM, Cerdan et al.,

2002), even though these values may, in fact, evolve through space and time.

What is common to many of these approaches is the representation of functional

connectivity as a static property or, at best, one with limited changes.  Stochastic

approaches have been proposed where deterministic links are replaced by all units

having  a  probability  of  being  linked  to  others  (see  Hütt  et  al.,  2012,  for  a  non-

geomorphologic example), but they still do not overcome the inherently static nature

in which the system is represented. Models that attempt to simulate the temporal

behaviour of systems cannot represent the evolutionary behaviour of those systems

correctly if they do not capture the dynamics of functional connectivity in some way.

One approach to achieve this dynamic representation of connectivity would be to use

a connectivity function.
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From functional connectivity to connectivity functions

To produce a connectivity function, one must first start with an explicit representation

of fundamental units; then, once the emergent behaviour of these links has been

described, a simple and sound functional relationship can be derived to represent

implicitly the interactions among individual links. A landscape-connectivity function

will  reflect  the  connectivity  in  overland flow or  sediment  transfer  within  the  unit.

Percolation theory provides an example of a conceptual framework in which these

relationships can be derived from first principles (e.g. Berkowitz and Ewing, 1998;

Darboux  et  al.,  2002;  Harel  and  Mouche,  2014),  although  more  often  the

relationships  are  derived  by  the  confrontation  of  empirical  data  with  transport

equations of varying degrees of complexity. 

A connectivity function can, in principle, be represented by a binary or continuous

approach. A continuous definition does not necessarily lead to a better assessment

of connectivity and it is even usual for a connectivity evaluation procedure to start

with the binarization of the continuous values of individual links (e.g. Souchère et al.,

1998). A simple example of a connectivity-based binary switch at a relatively small

scale (DTM grid cell)  is  when a decision is made regarding flow direction in the

presence  of  orientated  roughness  whenever  the  orientation  of  tillage-induced

roughness does not coincide with slope aspect (Souchère et al., 1998; Takken et al.,

2001). In this case, the binary switch does not affect whether or not two contiguous

cells are connected, but it governs the directionality of the flow, i.e. it controls which

neighbouring  cell  gets  connected  to  the  source  cell.  Other  examples  of  binary

connectivity  switches  in  hydrological  models  include  the  use  of  the  maximum

depression storage as a threshold to transfer flow from one modelling unit to one or

more neighbours (Singh and Frevert, 2002), and the so-called “bucket models” in

which water is transferred from one soil  layer to the next only after the moisture

content reaches field capacity (Walker and Zhang, 2001).

Alternatively, a continuous function may be used to describe connectivity whereby

units are connected via links with varying levels of connectivity. Taking the examples

given above, Razafison et al. (2012) introduced a non-binary approach to determine
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water flow in the topographic or the tillage direction based on an anisotropic friction

coefficient;  and  the  LISEM  model  replaces  the  maximum  depression  storage

approach by a continuous function governing the rate of water transfer as a function

of  the  degree  of  filling  of  the  depression  storage  (De  Roo  et  al.,  1996).  Other

examples of such continuous switches are the recent use of the “porosity concept” to

regulate the amount and cross section of flow between adjacent cells (Lane et al.,

2004; McMillan and Brasington, 2007).

Antoine et al. (1999) developed a more complex approach to express sub-grid water

connectivity  as  a  function  of  the  level  of  depression  storage  filled,  the  Relative

Surface  Connection  function  (RSCf).  Depressions  and  flow-paths  within  a  given

model cell are explicitly simulated from rainfall using a very high resolution (10-mm)

DTM. The RSCf can be combined with a weighted surface procedure to generate

realistic hydrographs of elementary units (Antoine et al., 2011). Peñuela et al. (2015)

replaced  the  need  of  a  high-resolution  DTM with  a  three-point  parameterization

estimated from slope and structural terrain information for random roughness, which

allows the application of this method at the watershed scale.

Building more effectively connected models

Models can effectively integrate connectivity by using connectivity functions. These

functions should be selected to represent the fundamental unit for which the model

was designed, which can range from small to large scales, e.g. from single DTM grid

cells and fields to entire watersheds. Figure 2 provides an initial assessment of the

likely scales at which connectivity could be included in model design, and whether

the representation of  connectivity  should be explicit,  i.e.  allowed to  emerge from

existing connectivity links; or implicit, i.e. through connectivity functions.
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Random roughness

Field edges, hedges, …

Rills

Gullies

Vegetation patches

LU pattern

Snow patches

Grass strips, waterways

Ponds, reservoirs

Pipes, ditches

Orientated roughness

-3        -2        -1        0         1        2         3         4         5        6 (log m)

Explicit representation possible (connectivity emerges)

Implicit representation only

Spatial discretization

Figure  2: Schematic representation of scales at which certain landscape features

that are influential in terms of water or sediment connectivity are resolved explicitly

or implicitly in environmental models.

A schematic representation such as this can help decide the appropriate resolution

of  application  for  a  given  model,  based  on  the  processes  that  are  represented

implicitly. For example, commonly used spatially distributed models such as LISEM

(De Roo et al., 1996) or LandSoil (Ciampalini et al., 2012) are typically applied with

spatial resolutions between 1 and 10 m. While these relatively fine resolutions should

allow  them  to  represent  most  connectivity  processes  explicitly,  implicit  solutions

should be found to address, for example, connectivity due to roughness and rills.

Moreover,  the  application of  these models  with  larger-resolutions  DTMs such as

global datasets with resolutions between 30 and 90 m would stretch their capacities,

as it would be difficult for the connectivity effects of vegetation patches, field edges

or gullies to be explicitly represented. Past approaches have tried to address this

issue using sub-grid scale parameterization (e.g. Zhang et al., 2002), but progress is
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now  needed  to  integrate  sub-grid  scale  processes  in  models  using  connectivity

functions to take advantage of the opportunities offered by these datasets.

Model development is always a trade-off between inclusion of detail and parsimony

of representation. By considering why parameters may be appropriate at different

scales,  and  how connectivity  functions  can  represent  linkages  between  different

scales, we suggest that more robust models can be designed that will require less

(or no) empirical calibration, and thus underpin their physical basis and potential for

extrapolation.  The  use  of  such  linkages  also  supports  process  based  up-  or

downscaling, and can thus aid in model evaluation and testing where data are only

available at very different scales from model implementation. While the increasing

availability of high resolution topographic data (e.g. from TLS and UAVs: Ouedraogo

et al., 2014; Pineux et al., 2017) means that models could be applied at very high

spatial  resolutions  to  account  for  connectivity  explicitly,  computational  tractability

means that it is unlikely that direct advantage can be taken of these data for some

time to come. By using these data in the definitions of connectivity functions, direct

advantage can be taken of these data immediately, especially if connectivity links

across different scales can be defined a priori. More research is required to define

connectivity functions that can be applied at a wide range of scales and in relation to

different processes, and in particular to define the feedbacks between functional and

structural connectivity at different scales.

Acknowledgements

This  article  was  supported  by  COST  Action  ES1306  Connecteur

(http://connecteur.info/).  We  would  like  to  thank  other  colleagues  present  at  the

various  Action  meetings  for  input  and  discussion,  although  the  content  is  the

responsibility  of  the  authors.  J.P.  Nunes  was  also  funded  by  Fundação  para  a

Ciência e a Tecnologia (research grant IF/00586/2015).   We would like to thank

three anonymous reviewers whose comments have contributed significantly to the

clarification  of  the  ideas  presented.   The  authors  have  no  conflict  of  interest  to

declare.

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

http://connecteur.info/


V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Nunes, J. P., Wainwright, J., Bielders, C., Darboux, F., Fiener, P., Finger, D., Turnbull, L.

(2018). Better models are more effectively connected models. Earth Surface Processes and
Landforms, 43 (6), 1355-1360. , DOI : 10.1002/esp.4323

References

Antoine M, M Javaux, CL Bielders 2009.  What indicators can capture runoff-relevant

connectivity properties of the micro-topography at the plot scale?  Advances in

Water Resources 32, 1297–1310.

Antoine M, M Javaux, CL Bielders 2011. Integrating subgrid connectivity properties

of the micro-topography in distributed runoff models, at the interrill scale.  Journal

of Hydrology 203, 213–223.

Arnold  JG,  N  Fohrer  2005.  SWAT2000:  current  capabilities  and  research

opportunities in applied watershed modelling.  Hydrological Processes 19, 563–

572.

Berkowitz B, RP Ewing 1998. Percolation theory and network modeling applications

in soil physics. Surveys in Geophysics 19, 23–72. 

Bracken  LJ,  Croke  J  2007.  ‘The  concept  of  hydrological  connectivity  and  its

contribution  to  understanding  runoff-dominated  geomorphic  systems’,

Hydrological Processes 21, 1749–1763.

Bracken LJ, J Wainwright,  G Ali,  D Tetzlaff,  MW Smith, S Reaney, A Roy 2013.

‘Concepts of hydrological connectivity: research approaches, pathways and future

agendas’, Earth-Science Reviews 119, 17–34. 

Bracken LJ, L Turnbull,  J Wainwright,  P Bogaart  2015.  ‘Sediment  connectivity:  a

framework for understanding sediment transfer at multiple scales’, Earth Surface

Processes and Landforms 40, 177–188.

Cerdan O, Y Le Bissonnais, A Couturier, N Saby 2002. Modelling interrill erosion in

small cultivated catchments. Hydrological Processes 16, 3215–3226.

Ciampalini R, S Follain, Y Le Bissonnais 2012. LandSoil: a model for the analysis of

erosion impact on agricultural landscape evolution. Geomorphology 175, 25–37.

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Nunes, J. P., Wainwright, J., Bielders, C., Darboux, F., Fiener, P., Finger, D., Turnbull, L.

(2018). Better models are more effectively connected models. Earth Surface Processes and
Landforms, 43 (6), 1355-1360. , DOI : 10.1002/esp.4323

Croke J,  K  Fryirs,  C Thompson 2013.  Channel–floodplain  connectivity  during  an

extreme flood event: implications for sediment erosion, deposition, and delivery.

Earth Surface Processes and Landforms 38, 1444–1456.

Darboux F, P Davy, C Gascuel-Odoux 2002. Effect of depression storage capacity

on overland-flow generation for rough horizontal surfaces: water transfer distance

and scaling. Earth Surface Processes and Landforms 27, 177–191. 

De Roo APJ, CG Wesseling, CJ Ritsema 1996. LISEM: a single-event physically

based hydrological and soil erosion model for drainage basins. I: theory, input

and output. Hydrological Processes 10, 1107–1117.

Fiener P, G Govers, K Van Oost 2008. Evaluation of a dynamic multi-class sediment

transport model in a catchment under soil-conservation agriculture. Earth Surface

Processes and Landforms 33, 1639–1660.

Fiener P, K Auerswald, K Van Oost 2011. Spatio-temporal patterns in land use and

management  affecting  surface  runoff  response  of  agricultural  catchments—A

review. Earth-Science Reviews 106, 92–104.

Finger D, F Pellicciotti, M Konz, S Rimkus, P Burlando 2011. The value of glacier

mass balance, satellite snow cover images, and hourly discharge for improving

the  performance  of  a  physically  based  distributed  hydrological  model.  Water

Resour. Res. 47, W07519.

Garen DC, DS Moore  2005.  Curve number hydrology in  water  quality  modeling:

uses,  abuses,  and  future  directions.  JAWRA  Journal  of  the  American  Water

Resources Association 41, 377–388.

Grieve SWD, SM Mudd, MD Hurst 2016. How long is a hillslope?  Earth Surface

Processes and Landforms 41, 1039–1054.

Harel  M-A,  E Mouche 2014.  Is  the connectivity  function a good indicator  of  soil

infiltrability distribution and runoff flow dimension? Earth Surface Processes and

Landforms 39, 1514–1525.

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Nunes, J. P., Wainwright, J., Bielders, C., Darboux, F., Fiener, P., Finger, D., Turnbull, L.

(2018). Better models are more effectively connected models. Earth Surface Processes and
Landforms, 43 (6), 1355-1360. , DOI : 10.1002/esp.4323

Heckmann T, W Schwanghart 2013. Geomorphic coupling and sediment connectivity

in  an  alpine  catchment  — Exploring  sediment  cascades  using  graph  theory.

Geomorphology 182, 89–103.

Hoffmann T 2015. Sediment residence time and connectivity in nonequilibrium and

transient geomorphic systems, Earth-Science Reviews 150, 609–627.

Hütt  M-T,  M Jain,  CC Hilgetag,  A Lesne 2012.  Stochastic  resonance in discrete

excitable dynamics on graphs. Chaos, Solitons and Fractals 45, 611–618.

Lane,  SN,  RJ  Hardy,  L  Elliott,  DB  Ingham  2004  ‘Numerical  modeling  of  flow

processes over gravelly surfaces using structured grids and a numerical porosity

treatment’, Water Resources Research 40, W01302

Larsen LG,  J  Choi,  MK Nungesser,  JW Harvey 2012.  Directional  connectivity  in

hydrology and ecology. Ecological Applications 22, 2204–2220.

Lexartza-Artza I, J Wainwright 2009. ‘Hydrological connectivity: linking concepts with

practical implications’, Catena 79, 146–152.  

McMillan HK, J Brasington 2007 Reduced complexity strategies for modelling urban

floodplain inundation. Geomorphology 90, 226–243.

Mulligan M, J Wainwright 2013a. Modelling and model building, in J Wainwright, M

Mulligan (eds)  Environmental Modelling: Finding Simplicity in Complexity, 7–26,

2nd Edition. Wiley-Blackwell, Chichester. 

Mulligan M, J  Wainwright  2013b.  Modelling catchment and fluvial  processes and

their interactions’, in J Wainwright,  M Mulligan (eds)  Environmental  Modelling:

Finding  Simplicity  in  Complexity,  183–206,  2nd Edition.  Wiley-Blackwell,

Chichester.

Nunes JP,  G Vieira,  J  Seixas,  P Gonçalves,  N Carvalhais  2005.  Evaluating  the

MEFIDIS  model  for  runoff  and  soil  erosion  prediction  during  rainfall  events.

Catena 61, 210–228.

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Nunes, J. P., Wainwright, J., Bielders, C., Darboux, F., Fiener, P., Finger, D., Turnbull, L.

(2018). Better models are more effectively connected models. Earth Surface Processes and
Landforms, 43 (6), 1355-1360. , DOI : 10.1002/esp.4323

Nunes JP,  J  Seixas,  JJ Keizer,  AJD Ferreira  2009.  Sensitivity  of  runoff  and soil

erosion to climate change in two Mediterranean watersheds. Part II:  impact of

changes in rainfall, antecedent soil moisture and vegetation cover.  Hydrological

Processes 23, 1212–1220.

Ouedraogo MM, A Degré, C Debouche, J Lisein 2014. The evaluation of unmanned

aerial system-based photogrammetry and terrestrial laser scanning to generate

DEMs of agricultural watersheds. Geomorphology 214, 339–355.

Peñuela A, M Javaux,  CL Bielders 2015.  How do slope and surface roughness

affect plot-scale overland flow connectivity? Journal of Hydrology 528, 192–205.  

Pineux N, J Lisein, G Swerts, CL Bielders, P Lejeune, G Colinet, A Degré 2017.  Can

DEM time series produced by UAV be used to  quantify  diffuse erosion in an

agricultural watershed? Geomorphology 280, 122–136.

Razafison U, S Cordier, O Delestre, F Darboux, C Lucas, F James 2012. A shallow

water model for the numerical simulation of overland flow on surfaces with ridges

and furrows. European Journal of Mechanics - B/Fluids 31, 44–52.

Rosenblueth  A,  N  Wiener  1945.  The  role  of  models  in  science,  Philosophy  of

Science 12, 316.

Schoorl JM, A Veldkamp, J Bouma 2002. Modeling Water and Soil Redistribution in

a  Dynamic  Landscape  Context.  Soil  Science  Society  of  America  Journal 66,

1610-1619.

Singh VP, D Frevert 2002. Mathematical Models of Small Watershed Hydrology and

Applications, 950 pp, Water Resources Publications, Littleton CO.

Smith  MW,  NJ  Cox,  LJ  Bracken  2007.  Applying  flow  resistance  equations  to

overland flows. Progress in Physical Geography 31, 363–387.

Souchère V, D King, J Daroussin, F Papy, A Capillon 1998. Effects of tillage on

runoff  directions:  consequences on runoff  contributing areas within agricultural

catchments. Journal of Hydrology 206, 256–267. 

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Nunes, J. P., Wainwright, J., Bielders, C., Darboux, F., Fiener, P., Finger, D., Turnbull, L.

(2018). Better models are more effectively connected models. Earth Surface Processes and
Landforms, 43 (6), 1355-1360. , DOI : 10.1002/esp.4323

Stieglitz  M,  J  Shaman,  J  McNamara,  V  Engel,  J  Shanley,  GW  Kling  2003.  An

approach  to  understanding  hydrologic  connectivity  on  the  hillslope  and  the

implications for nutrient transport.  Global Biogeochemical Cycles 17 (4), article

number 1105.

Takken I, G Govers, V Jetten, L Nachtergaele, A Steegen, J Poesen 2001. Effect of

tillage and runoff and erosion patterns. Soil Tillage Research 61, 55–60.

Turnbull  L,  J  Wainwright,  RE  Brazier  2008.  A  conceptual  framework  for

understanding  semi-arid  land  degradation:  ecohydrological  interactions  across

multiple-space and time scales. Ecohydrology 1, 23–34.

Van Nieuwenhuyse BHJ, M Antoine, G Wyseure, G Govers 2011.  Pattern-process

relationships  in  surface  hydrology:  hydrological  connectivity  expressed  in

landscape metrics. Hydrological Processes 25, 3760–3773. 

Van  Oost  K,  G  Govers,  P  Desmet  2000.  Evaluating  the  effects  of  changes  in

landscape structure on soil erosion by water and tillage. Landscape Ecology 15,

577–589. 

Wainwright  J,  AJ Parsons,  EN Müller,  RE Brazier,  DM Powell,  B Fenti  2008.  ‘A

transport-distance  approach  to  scaling  erosion  rates:   3.  Evaluating  scaling

characteristics of MAHLERAN’, Earth Surface Processes and Landforms 33, 1113–

1128.

Wainwright J,  L Turnbull,  TG Ibrahim, I  Lexartza-Artza,  SF Thornton, RE Brazier

2011.  ‘Linking  environmental  régimes,  space  and  time:  interpretations  of

structural and functional connectivity’. Geomorphology 126, 387–404. 

Walker GR, L Zhang 2001.  Plot-scale models  and  their application  to  recharge

studies, in L Zhang, GR Walker (eds)  Studies  in  Catchment  Hydrology:  The

Basics   of  Recharge  and  Discharge,  Part  10,  29pp,  CSIRO  Publishing,

Melbourne.

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423



V
er

si
on

 p
os

tp
rin

t

Comment citer ce document :
Nunes, J. P., Wainwright, J., Bielders, C., Darboux, F., Fiener, P., Finger, D., Turnbull, L.

(2018). Better models are more effectively connected models. Earth Surface Processes and
Landforms, 43 (6), 1355-1360. , DOI : 10.1002/esp.4323

Western,  AW, G Blöschl  and RB Grayson 2001 ‘Toward capturing hydrologically

significant  connectivity  in  spatial  patterns’,  Water  Resources  Research 37,

83–97.

Williams  GP  1970.  Manning  formula  –  a  misnomer? Journal  of  the  Hydraulics

Division, American Society of Civil Engineers 96(HY1), 193–200.

With  KA,  RH Gardner,  MG Turner  1997.  Landscape connectivity  and population

distributions in heterogeneous environments. Oikos 78, 151–169. 

Wu J, JL David 2002. A spatially explicit hierarchical approach to modeling complex

ecological systems: theory and applications. Ecological Modelling 153, 7–26.

Zhang X, N Drake, J Wainwright 2002. Scaling land surface parameters for global-

scale soil erosion estimation. Water Resources Research 38(9), 1180.

424

425

426

427

428

429

430

431

432

433

434


