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Land use/cover changes are a source of non-stationarity in time series (Hopmans et

al, 2002) and generate changes in the hydrological response of the watersheds

(Bronstert et al, 2007), because of the variations in the soil structure that modify its

porosity and hydraulic properties (Kumar et al, 2008). This study focuses on

incorporating the scaling theory to the relationship between the hydraulic properties of

soil in the flood regime. To that end, tests were conducted to verify the scaling of flood

quantiles with respect to water storage in the soil root zone (Hu) and the saturated

hydraulic conductivity (Ks). Furthermore, hydrological simulations of these changes

were carried out involving scenarios varying the organizational structure of the soil

hydraulic properties values. Obtained results show different effect on the magnitude

of peak flows according to the type of land cover.
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 Estimation of the soil hydraulic properties Hu and Ks using pedotransfer functions

(Saxton et al, 1986).

 Modeling the hydrological response of the watershed to changes in land use with

time with the distributed hydrological model TETIS (Francés et al., 2007).

 Calibration with present conditions and validation for each historical land use map.

 Verification of the scaling theory of the soil hydraulic properties on the flood

regime.

 Tests on the effect of the spatial structure variation of Hu and Ks on the scaling of

the flood regime.

The study area is located in Colombia, in Los

Andes of South America

7

14

21

28

35

42

1971 1981 1991 2001 2011

P
e
a

k
F

lo
w

(m
3

 s
-1

)

Grassland

Forests

2007

2002

2000

1991

Crops

y = 19.299x-0.054

y = 446.74x-0.105

y = 13277x-0.161

y = 375374x-0.225

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+01 1.E+02

O
rd

in
a

ry
M

o
m

e
n

t
m

r

Hu (mm)

y = 19.355x-0.061

y = 448.61x-0.118

y = 13341x-0.18

y = 377236x-0.251

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.0E+01 1.0E+02

O
rd

in
a

ry
m

o
m

e
n

t
m

r

Ks (mm h-1)

-0.3

-0.2

-0.1

0

1 2 3 4

S
c
a

lin
g

e
x
p

o
n

e
n

t
a

r

Order r moment mr

Scalling exponent for Hu

-0.3

-0.2

-0.1

0

1 2 3 4

S
c
a

lin
g

e
x
p

o
n

e
n

t
a

r

Order r moment mr

Scaling exponent for Ks

Testing Scaling Behavior with Soil

Hydraulic Properties

Scaling exponents a for different

moment orders r

r=1 r=2 r=3 r=4

0

50

100

150

200

250

300

350

400

20 49 123 123 123 130 199

m
3

s
-1

Hu (mm)

100 Years 50 Years 25 Years 10 Years 5 Years

0

50

100

150

200

250

300

350

400

16 34 71 79 79 78 117

m
3

s
-1

Ks (mm h-1)

Peak flow variation for evolution parameters Hu y Ks - GEV distribution

C
a
li
b

ra
ti

o
n

V
a
li

d
a
ti

o
n

Hydrological Model Anual maximun peak flow by

land use/cover scenario

Bronstert, A., Bárdossy, A., Bismuth, C., Buiteveld, H., Disse, M., Engel, H.,Ritter, N. (2007). Multi-Scale Modelling of Land-Use Change

and River Training Effects on Floods in the Rhine Basin. River Research and Applications, 23(23), 1102–1125. doi:10.1002/rra.1036

Francés F., Vélez I., Vélez J. (2007). Split-parameter structure for the automatic calibration of distributed hydrological models. Journal

of Hydrology, 332 (1-2), 226-240

Hopmans, J. W., Nielsen, D. R., & Bristow, K. L. (2002). How useful are small-scale soil hydraulic property measurements for large-

scale vadose zone modeling? Geophysical Monograph Series, 129, 247–258. doi:10.1029/129GM20

Kumar, S., Anderson, S. H., Bricknell, L. G., Udawatta, R. P., & Gantzer, C. J. (2008). Soil hydraulic properties influenced by

agroforestry and grass buffers for grazed pasture systems. Journal of Soil and Water Conservation, 63(4), 224–232.

doi:10.2489/63.4.224

Saxton, K. E., Rawls, W. J., Romberger, J. S., & Papendick, R. I. (1986). Estimating Generalized Soil-water Characteristics from

Texture. Soil Science Society of America Journal, 50(4), 1–13. doi:10.2136/sssaj1986.03615995005000040054x

This research was funded partially by the doctoral fellowship program Colciencias 567, Universidad del Tolima and Universidad de Ibagué (Colombia) and by

the Spanish Research Project ECO-TETIS (ref. CGL2011-28776-C02-01) and TETIS-MED (ref. CGL2014-58127-C3-3-R). Thanks to The Shuttle Radar

Topography Mission NASA, IDEAM and IGAC, Colombia, for providing Digital Elevation Model, streamflow and rainfall data, and soil study of Tolima Region.

 The hydrological response of the watershed to different land cover results in

different flood quantiles. For example, a full afforestation of the catchment results

in decreased flood quantiles, whereas land covers with lower Hu and Ks, such as

grassland, result in increased peak flows.

 Variation of the organizational spatial structure of Hu and Ks values does not

significantly influence the scaling of the soil hydraulic properties on the flood

regime.

 Flood regime has a wide sense simple scalable behavior with the scales Hu (water

storage in the root zone) and Ks (hydraulic conductivity of soil).

Artificial heterogeneity induced

for Hu y Ks
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