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Introduction

1. Two of the earliest research studies in forest hydrology were in 1862 precipitation-interception study in Germany and an experimental-watershed study in Czechoslovakia.

3. 441 major experimental watersheds located in US. (fig. 12.1)
12-1 Research issues

1. Objectives

(1) Cause and effect

a. Hydrologic cycle in forested watersheds

b. Rainfall-runoff relations

c. Require long-term watershed observations over a wide range of environmental conditions

(2) Prediction

a. Develop methodology and models for predicting consequences

b. Provide a basis for management, control, and adjustment

(3) Management

a. Based on either cause-and-effect or prediction capability

b. Must be evaluated in terms of economic feasibility and environmental integrity

2. Subjects

(1) Water functions

a. Water provides many functions important to the environment and human society

b. See chapter 2 and chapter 4

(2) Forest functions

a. See chapter 7

b. Forest environmental functions

(3) Watershed function

a. Collection and storage of precipitation

b. Discharge of surface and groundwater

c. Support of water chemistry and habitat niches

d. Attenuation of nutrients and pollutants

e. Storage of water, nutrients, and sediments

f. Dissipation and transfer of solar radiation
12-2 Principles of field studies

1. Measurements are certain degree of error

(1) Heterogeneous nature of the study material

(2) The accuracy problem of instruments

(3) Human factors

2. Control

(1) All studies require a control or reference standard for assessment of treatment effects

(2) Treatment and control watersheds

3. Randomness

(1) Improves a study’s accuracy by reducing subjectivity and personal preference in conducting the study

(2) Establish certain criteria for site selections

4. Replication

(1) Provides for a more accurate estimate of experimental error
(2) Three or four replicas are used to cover sample variations
12-3 Research methods

1. Experimental watersheds

(1) Paired-watershed approach: two or more watersheds to be gaged for study
a. Watershed selections

(a) Must be representative of the region

(b) Ensure similarity
(c) Size: from 1 ha to 500 ha. Less than 100 ha

b. Calibration methods

(a) Install to monitor hydroclimatic conditions (fig. 12.2)

(b) Simple linear-regression analysis (equation 12.1- 12.4)

c. Treatment methods

(a) Mechanical, prescribed burning, chemical

(b) Buffer strip, water quality

d. Duration of calibration and treatment periods

(a) Seven or more years (fig. 12.3)

(b) Individual runoff events

e. Treatment effects

(a) Posttreatment regression vs. pretreatment regression

(b) Double mass analysis (fig. 12.4)

f. Criticisms of the approach: see page 289, 9 items
(2) Single-watershed approach

a. Calibration period and treatment period

b. Climatic variables: so need longer calibration period

(3) Replicated-watershed approach

a. Principles: replication, randomization, and control

b. Ideal watersheds for replication are very difficult to find

2. Upstream-downstream approach

(1) Selects two sampling sites along a reach for study
(2) Studying water quality, habitat quality, and aquatic organisms

3. Experimental plots

(1) Monitor surface and subsurface runoff (fig. 12.5)

(2) Lysimeter: block of soil completely sealed from its surrounding.

(3) Size: 0.01 – 0.1 ha

4. Regional analysis

(1) Streamflow records and climatic observations are available

(2) Statistical techniques: correlation coefficients, regressions

5. Watershed simulation

(1) Time frame of the estimates can be for

a. Single rainfall-runoff event and routing programs

b. Continuous simulation programs

c. Long-term averages

(2) Hydrologic conceptualization (fig. 12.6)
(3) Hydrologic models: see page 294-295
12-4 Example of calibration and analyses: the Wagon Wheel Gap study

1. Objective: testing the effect of forest clearcutting on annual runoff. Control watershed = 90 ha; treatment watershed 81 ha.

2. Hydroclimatic data: precipitation and runoff data (Table 12.1)
3. The calibration equation: equation 12.10 (Table 12.2)
4. Assessment of treatment effects

(4) How much effect?

a. Preliminary assessment (Table 12.3)
b. Based on the calibration equation (Table 12.4)
c. Based on the double-mass analysis

(5) Is the effect significant?

a. Covariance analysis (fig. 12.7)
b. The paired t-test

