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SUMMARY

Hydraulic conductivity is one of the most important parameters that describe peat properties related to water
movement through the peat profile. In the application of peat hydrology, the information about saturated hydraulic
conductivity is required to estimate the amount of water needed to maintain the saturation condition in the peat
dome and is also required to simulate the peat water table depth and groundwater flow. However, some
uncertainties regarding hydraulic conductivity in the tropical peatlands especially those related to the effect of peat
swamp forest conversion on hydraulic conductivity remain. Hydraulic conductivity was estimated at four different
land cover types in West Kalimantan, Indonesia. We utilized the slug test method to estimate the hydraulic
conductivity at three depths (1.0, 3.5, and 6.0 m) and interpreted the data based on the Bouwer and Rice (1976)
approach. In total, 324 wells were installed in 21 sites including five sites in shrubs, five sites in oil palm plantations
and eight sites in forests and three sites in recently burnt forest with six replications for each site. The results show
that forested peatlands have higher conductivity with an average of 0.63 £ 0.36 m d™' (mean + s.e.) compare with oil
palm of 0.20 + 0.13 m d”' and shrubs of 0.16 + 0.08 m d™'.

The relationship between hydraulic conductivity land cover types, measurement depth and peat properties such as
carbon concentration, loss on ignition, bulk density, and degree of decomposition, were assessed using hierarchical
linear models. Results depicted that hydraulic conductivity was likely be the best explained by the measurement
depth, bulk density, and forests-non forests land cover. However, carbon concentration and loss on ignition
provided a very small portion for explaining the variability of hydraulic conductivity.
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INTRODUCTION

Hydraulic conductivity is an important parameter that describes the ability of water to flow through a soil
profile. In the application of peat hydrology, information about saturated hydraulic conductivity is required to
estimate the amount of water needed to maintain the saturation condition in the peat dome (Dommain et al., 2010).
Hydraulic conductivity is a characteristic parameter required to simulate the depth of water table in tropical
peatlands (Wasten et al., 2006). Kelly et al. (2014) suggested that the saturated hydraulic conductivity in tropical
Peruvian peatlands varied among different types of peat in minerotrophic and ombrotrophic systems. However, few
studies have examined how the hydraulic conductivity of peatland varies with land cover types. In addition, the
relationship between peat properties, degree of decomposition, and saturated hydraulic condition remain unclear.
Therefore, we estimated the saturated hydraulic conductivity at different land cover types to address the following
research questions:

What is the effect of the land cover on the saturated hydraulic conductivity?

What are the relationships between peat properties and hydraulic conductivity?

Do the relationships between peat properties and the hydraulic conductivity differ with land cover?
What is the distribution of hydraulic conductivity within the peat column?
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We hypothesize that hydraulic conductivity in forests is higher than other land cover types because
forested peat is less disturbed due to the human activities. Therefore, peat forest would have lower bulk density and
more porosity than any land cover types and eventually higher hydraulic conductivity compare to peat underlain
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other land cover types. To answer these questions, we used hierarchical linear models to statistically evaluate the
relationship between hydraulic conductivity, land cover, peat properties, and their interaction. Outputs from these
models including the estimated model coefficients and measures of uncertainty that can be used to assess the
relative importance of peat properties and land cover types on saturated hydraulic conductivity.

METHODS

Research design

The field research was conducted in Ketapang, West Kalimantan, Indonesia that could be classified as the
coastal peatland because its distance to the coast is less than 20 km. To assess the effect of land cover type on the
saturated hydraulic conductivity (later identified as K;), measurements were performed in 21 sites across four
different land cover types comprising eight sites in forests, three sites in recently burnt forests, five sites in shrubs,
and another fives sites oil palm plantation.

At each site, a 120 m long transect was installed with six plots set at 30 m intervals. Wells were established
at each plot within a circle of 2-m diameter along a line that was perpendicular to the transect and K, was measured
at three depths: 1.0, 3.5, and 6.0 m. If the peat depth in a plot was less than 6.0 m, the deepest measurement was
taken above the mineral layer. For shrub and oil palm plantation sites, transects were set perpendicular to drainage
canals with the first plot set 20 m away from the canals.

To study the influence of the peat properties on K;, peat samples were collected for each plot and depth
where K; was measured. The peat samples, then, were transferred to the soil laboratory of Bogor Agricultural
University for peat analysis, such as carbon concentration (C), bulk density (BD), and loss on ignition (LOI). The
degree of humification was determined in the field qualitatively following the Von-Post method.

Data analysis
K, calculation
The saturated hydraulic conductivity, K, was analyzed with the Bouwer and Rice (1976) method using
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where H, is the initial head change and H,, is the head change over time. Since X, 7., R,, r,, and L are constant, the

value of %ln:—" should be constant and can be estimated by fitting a straight line in a plot of the relationship
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between time, ¢, and log (H,/H). The term In (Re /Tw) was calculated as:

R, ~ 1.1 A+ B.In ((m - L)/rw)
ln( /‘rw) = ln(H/-,-W) + - d)/rw

and in the case of a well fully penetrating an aquifer, Ln (Re /Tw) was determined using
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where 4, B, and C were dimensionless values based on the chart governed by Bouwer and Rice (1976).
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Statistical model

We initially evaluated the relationship between peat properties and land cover types on the tropical
peatland K by using linear regression models. However, the K; measurements were taken in 21 sites in which six
plots were nested within each site and three K; measurements were made at different depths in each plot. Because
the measurements at a site or plot were potentially dependent, we examined residuals from the preliminary analyses
and found strong site-level dependence. To account for the spatial dependence related to sites and plots within sites,
we use hierarchical linear models (Bryk and Raudenbush 2002) to evaluate the factors related to K.

We use a systematic approach to evaluate the relationship between land cover and peat properties on the
K. Prior to analyses, land cover was coded as a binary variable (0 and 1) for each type and depth predictors were
standardized to a mean of zero and standard deviation of one to facilitate model fitting. We then developed a global
model that contained all of the variables potentially related to K including: C, BD, LOI, measurement depth, and
land cover type and used it to determine the random effects that best accounted for the spatial dependence. To do
this, we use the global model and evaluated different combination of random effects that included intercept and
slopes that varied normally among sites and among plots nested within sites. The model with the best approximating
random effects was considered that with the lowest Akaike Information Criteria (AIC; Akaike 1973) with the small-
sample bias adjustment (AICc; Hurvich and Tsai 1989). We then used these random effects to identify the factors
that best explained variation in K by fitting all possible combinations of predictors (21 models). The relative
plausibility of each model was estimated by calculating AICc and model weights using the procedures detailed in
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Burnham and Anderson (2002). All of the statistical analysis in this study was performed by using R software with
the MuMIn package (Barton, 2015) for the AIC analysis.

RESULTS AND DISCUSSION

K, varied greatly both within and among sites. It ranged from about 0.001 to 10 m/d (Figure 1). The high
variability of K; was observed at all of the sites. The outliers, points located outside of the boxplots tails, also
occurred consistently at all of sites. The skewness of K, however, was slightly different among land cover types in
which forests tended to have right skewness, whereas K in oil palm plantations and shrubs skewed to left.

The best approximating random effects for explaining spatial dependence included an intercept and slope
for measurement depth that varied among sites. The most plausible hierarchical model for predicting K contained
the measurement depth, forests land cover, and the interaction between depth and forests land cover. This model
was similar to next the best approximating K; model that contained LOI. Using the model weights and the 1/8
criteria suggested by Royall (1977) for evaluating strength of evidence, only two additional candidate models were
considered plausible models for predict K and they contained BD, and C as the explanatory variables.

The model selection criterion indicated that the most-likely model to explain variation in K did not contain
the peat properties. Rather, variation in K; was best explained by position within the peat column and whether the
land cover was forest or non-forest. Saturated hydraulic conductivity was negatively related to depth of
measurement indicating K; decreased downward within a peat column. The random effects also indicated that
average K, and the relationship between K and depth varied among sites suggesting a strong spatial component to
the relationship. The forest main effect accounted for 14% of the variation in average K, among sites and the
interaction between depth and forest accounted for 12% of this variation. This interaction also was negative,
indicating that the effect of land cover decreased with depth. However, the random effects also indicated that there
was substantial variability in K that could not be explained by the components in the best model.
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Figure 1: The K, distribution for each site.

Model selection criteria also indicated that bulk density was a plausible explanation for variation in Kj
within and almond sites. Bulk density was, on average, negatively related to Ks. However, the relationship varied
greatly among sites and confidence limits for the parameter estimates included zero indicating a lack of precision of
the estimate. Model selection criteria also indicated little to no evidence that K; was related to other properties of
peat, LOI and C, which was further supported by very small effect sizes (slopes), i.e., 0.009 and 0.001.

A hierarchical model containing depth of measurement, forests land cover, the depth and forests land cover
interaction, and bulk density was also tested to assess the sensitivity of model estimates to the changes in the
coefficients. By varying the bulk density and depth coefficients -50% to 50%, the response of K, depicted the
different patterns. The changes in K; were greater for the peat with higher bulk density. Conversely, in the lower
bulk density, the model coefficient perturbation was not really affected hydraulic conductivity. For the depth
coefficient, K; measured close to the surface were more sensitive to changes in the model coefficient than in the
deeper peat (Figure 2).
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CONCLUSION

The study shows that there was a substantial variability in K both within and among sites. The hierarchical
model could be used to evaluate the relationship between the peat properties, land cover types and vertical
distribution of saturated hydraulic conductivity by incorporating the nested measurement design implemented in this
study. In general, hydraulic conductivity was decreased vertically from the peat surface to the deeper position.
Forest conversion to other land cover types was likely reduced the peat hydraulic conductivity. However, the
relationship among peat properties and hydraulic conductivity was weaker presumably due to the large variability
within sites and plots. The parameters in the best approximating model also were unable to account for this
predictable spatial variation even when models included all of the predictor variables.

Figure 2: Plots of the relationship between saturated hydraulic conductivity and bulk density (left) and depth (right) using the equation of log
(Ks) = -2.514 — 0.084Depth + 0.17Forest -2.076BD — 0.607Depth*Forest for each varying bulk density coefficient (left) and depth
coefficient (right) while keeping the remaining coefficient at the average value.
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