Visualizing resource dependencies of the urban system at multiple scales: SE'
a hydrological case study ~
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INTRODUCTION

We propose a set of indicators that make use of freshwater drainage structure to incorporate the cumulative effects and concurrent _
resource dependency of urban areas across multiple nested scales, using the Global river hydrography and network routing dataset This approach allows:

Freshwater iIs one key component of the resource
(Lehner et al., 2013).

dependency of urban areas, linking concentrated

p?fcueliggg oceenrt:trii t(;tgreeOﬁ);lX:II(::]l danlgbeaclossc);slteesm The cumulative character of the proposed indexes aims to replace the fixed control boundary (i.e. basin, sub-basin, etc.—the current visualizing how factors like patterns of
P P J J J ' practice in water resources appraisals), with the (topological) integral of the process across multiple nested scales. Slze, Spatial distribution and
iInterconnection of urban resource
Resources like water, food, biofuels, fibers or N COMPONENT INDICATOR DESCRIPTION
energy that sustain cities directly depend on the 1 Runoff Qg Mean long-term annual runaft. (Shiklomanov et al., 2000) d_emand_s Of the nested and
oroductive or assimilative capacities of the . RUNOfF Qe xgprt:%g;ngi ;uj gﬁ:&e\é(e)ll gtigtiﬁgr\l\//ler\c)lBF)’% conditions hlerarchlca_l character of freshwa_ter
freshwater system, operating at multiple nested freshwater supply — Total long-term yearly actual evapotranspiration (No Iigation systems Influence the cumulative
scales (from catchment to river basins)—areas 3 ETay condition). pressure exerted on an urban system
orders of magnitude greater than the extent of the ) Total ETa Mean annual total evapotranspiration of areas with productive land on the freshwater system
built-up urban areas. (Grimm et al., 2008) | _ appropriation cover/use. (Postel et al., 1996) ’
CFYZ f]‘teer P;I;tggeto 5 ,rb\e%%rvcv)gtr)llztlon oj Creen BT a Mean annual evapotranspiration of areas with productive land
I‘eSO?JI’CG supply treshwater sUpD| cover/use. (No Irrigation condition). (Hoekstra et al., 2011) mapnin the spatial atterns  of
5 PP "Blue ETa and Fraction of Q, and Qg withdrawn and not returned (i.e. consumed PPINg _ P P
Blue ETa,: as increased ET from irrigation). (Hoekstra et al., 2011) resource 1mport and export across
| . gﬁgzegtslvilrt]y;ree The difference between the total length of the river network, different scales and regions of a
Topological change -hang between two consecutive barriers. freshwater svstem. and
metrics | river length y ,
Instream or non- The ratio between the volume of upstream storage and the yearly
, consumptive uses Degree of average runoff at a given river, weighted by the fraction of the total -
ngtr:gren's”;]?:/nvgferral 8 regulation runoff at a river reach that is controlled by artificial storage. This guantifying the scales of the process
i (weighted) |nd|caFor reIaFes to poten_tlal changes in the s_treamflow regime required to sustain the resource
associated with storage infrastructure operations. | . itin| " har h
' ' ' Su Ol muitipie Ccites snarin e
Althoug_h the | fre;hwater system—u_rban 9 Ec-.: ETa scarcity %nggzirrelfvt/?ti S[:Plljgn I;!?atl\;f)rl)_:r-(l)-z:ijer\ggrr: s]emgzdpssségrgl\ézgig?mt i’ Sarpnpeyprovisioniﬁg freshwater Sys%em
population relationship has a broad regional index providing an estimate on the amount of ETa sourced outside the
and sectorial scope, the gquantification of the | catchment to supply local demands.
extent of regional and global impacts of cities’ _ : Compares the cumulative electricity demands at a given point of :
resource demands, and more importantly, their HESIGIE R G Pressure indexes the basin with the electricity generation in the upstream basin, _The pre&_\’ented advances Cont”pme to an
integration into decision-support frameworks, 10 Eenergy:_ECTergy provildinglqnde_stima:]e of the electriclioty souhrce. V?Itljles less tf:an (I)r Informational framework for mteg_rated
arirEs e e eveleoked 1 ol stress index equal to 1 indicate the upstream sub-catchment fully meets loca water management and urban p|annmg_
. . demand, while greater than 1 indicates a source outside the
management and urban planning practice. catchment supplies local demands.

A key limitation to understanding the scope of
impacts Of urban SyStemS iS the distributed Examples of indicators in table above for biomass supply to the Urban System of the MRB
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relationship between water and cities, wherein associated to agriculture

a given region can simultaneously supply Magdalena River Basin | N N 5w me curent N o T e _
resources to—or be affected by—multiple (MRB) j, ) e~ o | |
urban areas (and vice-versa), and the . _ (i " o —
het ity of physical and biotic processes Total population [2012) e '
eterogeneity ot physical a P 35.96 million (DANE, 2015). i e st .
of freshwater systems. s - .
29.11 million (81.0%) reside s goa | e -
in main urban settlements () = / e "
Here we introduce a novel approach to assess and (DANE, 2015). g - y '
visualize the interactions between urban resource Ui ssalemeEmEiens i _ o o v T | —
demands and the freshwater system. the MRB cover six orders of fis, 7L o option | / s o B o 100 uijff';i |
magnitude of population, o TA e s 1020 —os — '
from ~10 to 107 i/ e LL/ —mans — aw T T e
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