Estimation of the base flow characteristic time scale for global scale applications
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Introduction
The base flow characteristic time scale (τ) represents the mean
amount of time the groundwater will take to reach the stream in a
given catchment.

τ has several applications:
• to estimate base flow in
regions with no discharge
measurements;
• in
simple
groundwater
models such as the ones
embedded in global-scale
land surface models;
• it can provide an indirect
index
of
groundwater
vulnerability.

A) Resultant
Considering the drainage density δ = L/A, we have τ given by:
B) Resultant
Tau was calculated using:
network.
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• δ: from Schneider et al. (2016), using LCS2
A)
model.

τ calculated with LCS2 drainage density;
τ calculated with drainage density from HydroSHEDS river
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Objective: estimate τ at global scale based on Boussinesq
equation and available global data.

• Using
HydroSHEDS
data
(δ
almost constant globally and
around 0.19 km-1)
• Considering LCS2 model with
lithology, climate, and slope
(spatially variable δ around 0.73
km-1) (Schneider at al., 2016)
All calculations were made in a 7.5’ grid (same resolution of drainage
density data), using the average values inside a grid for porosity
(arithmetic mean) and transmissivity (geometric mean).
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Methodology
τ was estimated based on the flow recession equation proposed by
Brutsaert (2005):
Considering:
• Unconfined aquifer
• Rectangular cross-section
• Rectangular basin
• Aquifer initially saturated
• Free surface
• Flow paralel to the surface
Q – groundwater flow
Te – effective transmissivity
A – basin area
k – hydraulic conductivity
D – aquifer thickness (100m)
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𝑇𝑒 = 𝑘 ∙ 𝑝 ∙ 𝐷
t – time
L – distance to the river
ne – effective porosity
p – constant (0.3465 from
Brutsaert 2005)

Results and discussion
• τ is sensitive to δ², what makes its
values very sensitive to the choice
of the drainage density data.
• With LCS2 drainage density, the
resultant τ varies from 1 day to
27,000 years, with an average of
100 years. With HydroSHEDS data
this value increases to 36,500
years

Conclusions
The main uncertainty factor in τ calculations is drainage density. The use of a
drainage density that better represents the main patterns of river networks
reduced the τ average by a factor 350 when compared to traditional
methods of river network extraction. This results are closer to literature
mean values of 35 years (7 – 100 year range) in End and Milly (2007).
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