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Hydrological and Erosional Impacts of Road
and Land-Cover Change in Small Mountainous Watershed
in Northern Thailand
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Abstract: Through fieldwork in northern Thailand, a realistic assessment of hydrological and geomorphological

impacts of roads in mountainous tropical watersheds was carried out. Findings from field rainfall simulations,

surveys of road and traffic phenomena, and computer simulations are presented. Because roads generate Horton
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overland flow (HOF) during most rain events, they transport sediment into the stream system throughout the rainy
season. Linkage of road sections via rut and gully systems allow them to transport runoff generated in one basin
into adjacent basins, where it may contribute to hydrological and erosional impacts. Footpaths, like roads, accelerate
runoff, and may enhance field erosion by acting as source areas for surface runoff. Vehicle detachment and maintenance
activities during interstorm periods increase the volume of loose material that can be removed by overland flow during
subsequent rainstorms. Road sediment transport is simulated best when the surface layer of loose sediment is explicitly
modeled. This research serves as a foundation for future work aimed at quantifying road and agricultural contributions to

cumulative watershed effects in South East Asia.
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Figure 1 (A) Research site near Pang Khum Village in Northern Thailand; (B) the 93.7 ha.
Pangkhum Experimental Watershed (PKEW); (C) hydrological and erosional

processes operating on the 3-dimensional.
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Figure 2 (a) termination of a road section at a stream crossing; (b) road maintainance during

interstorm periods is one source of loose surface material; (¢) a deep gully on

the upper PKEW:; (d) climate station 402 within an upland rice field in PKEW:;

(e) the rainfall simulator and plot during one of the road rainfall simulation, 1998.
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Table 1 Mean compaction- and infiltration-related variables for the sedimentation surfaces.

Treatment TTRO" BD PR K,
(min) (Mgm”) (MPa) (mmh’)
Road 1.1%0.3 1.4530.13 6.410.4 1519
(8)a (74)b (160)d 26(a)
Access path 121135 1.40%0.11 6.4%0.7 sts
3)b 2Db (90)d (6)a
Field path 3411128 1.24%0.11 2.811.1 244188
“)e (22)a (40)b (10)b
Hoed field >57.8 1.1910.06 1.8%1.2 3161129
@ (22)a (40)a (10)b
Fallow field >60 1.1110.05 1.740.9 129138
O (6)a (60)a (6)b

"TTRO is time to runoff (TTRO); BD is bulk density; PR is penctration, and K, is saturated hydraulic conductivity; value are +
one standard deviation; values in parentheses are simulation replications or sample sizes; values in each column with the same letter
are NOT statistically different (one-way analysis of variance (ANOVA) on log , — transformed data), followed by post-hoc multiple
comparison testing with the Bonferroni/Dunn test (B-D) when the F-values were significant at O = 0.05.

* Only owte of four Hoed ficld evenis produeed runoff; none of the four Fallow field simulations produced runoff.
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Figure 5 Road surface water flow paths and locations of several road-related geomorphological

features affecting hydrological response in PKEW (letter A through H).
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