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第4單元: 集水區水質模式的建立和應用
Session 4:  Watershed Modeling

1. 集水區暴雨逕流量估算的模式分析
Modeling Watershed Rainfall-Runoff Process

2.集水區暴雨污染物負荷估算:國環保署BASINS模式
Modeling Watershed Pollutant Transport and US EPA BASINS

3.  Ala Wai 集水區模式分析
Modeling Ala Wai Watershed Under BASINS 

4.  實例分析和小組討論
Tutorial Session and Group Discussion



Watershed Modeling

Quantitative
Watershed Hydrology

Qualitative
Waste Loading Estimation

集水區的模式分析



Watershed Rainfall-Runoff and 
transport Processes Manoa Watershed and Drainage System

1.集水區暴雨逕流量估算的模式分析
Modeling Watershed Rainfall-Runoff Process



Watershed Rain-Runoff Modeling – A Short 
Review

Unit Hydrograph 
Sherman, 1932

Instantaneous Unit Hydrograph 
Huang, 1937; Clark, 1945; Nash, 1957

Nonlinear Watershed Modeling
Amorocho and Brandstetter, 1971; Diskin and Boneh, 1973; Liu and Brutsaert,1978



Sherman Unit Hydrograph Model

Reference: Sherman, L.K. (1932) Streamflow from rainfall by the unit-graph method, Engineering News Record, 108:501-505.



Linear Systems Theory and Sherman Unit 
Hydrograph Model

Although the Sherman unit hydrograph method 
considers the watershed as a linear system where the 
principle of superposition may apply, the unit 
hydrograph cannot be treated as the system impulse 
response function of a watershed rainfall-runoff 
system because it depends on the characteristics of 
watershed and rainfall. 



Modern Unit Hydrograph Model

Modern unit hydrograph method takes a watershed as a linear system 
and the IUH of the watershed is the systems impulse response 
function. The effective rainfall is the systems input function and the 
storm hydrograph is the systems output function. According to the 
linear systems theory, the system output can be calculated by a 
convolution integral of the systems impulse response function and 
input function 

where
u(t) = system impulse response function or IUH
y(t) = the system output function or storm hydrograph
x(t) = the system input function or effective rainfall
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Instantaneous Unit Hydrograph Model

Reference: Nash J.E. 1959. Systematic determination of Unit hydrograph parameters. J. Geophysical Research 64: 111-115. 
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Linear System, h(t)Input, x(t) Output, y(t)



Reference: Singh, V.P. (1988). Hydrologic Systems – Rainfall-Runoff Modeling, Prentice Hall, New Jersey.

Non-Linear Rainfall-Runoff Modeling



Non-Linear Watershed Modeling

Volterra integral equation

A nonlinear watershed model can be formulated as a 
second order Volterra integral equation which was first 
introduced to the study of electronics by Wiener (1958).

Reference: Wiener, N (1958). . Nonlinear Problems in Random Theory, The Techn. Press, John Wiley & Sons, NY



Nash IUH in the form of a Gamma Distribution 
Function

factor scale a is β
 and

factor shape a is α
where
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By considering a watershed as a series of linear reservoirs, the 
synthetic IUH would take the form of a Gamma distribution 
function, f(x).

Reference: Nash, J.E. (1957) The form of the instantaneous unit hydrograph, Proc. Gen. Assem. Toronto, Ins 
Ass. Sci. Hydrol. 3:144-12
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Nash IUH

Regression Equations for Nash IUH

Formulation of Nash IUH Parameters



Deriving Regression Equations for Nash 
IUH Parameters



BASINS
Watershed characteristics

Regression

Equation
 

Time-Variant

Synthetic IUH

Storm Rainfall

Flood Flow

Historical Rainfall/Runoff Data

Latest Developments: GIS-Based Nash IUH

Reference: Fernandes, K. and Liu, C.C.K. 2011. GIS-based flood hydrograph in Hawaii, (In preparation)



Application of GIS-Based Nash IUH in 
Hawaii



422.0
2

783.1152.16 )(1057.6 
L
ACSx N

Regression Equations Derived for Hawaii 
Watersheds

Watershed Watershed USGS ID By System Inversion By Using Regression 
Equations

Number Name λ β λ β
1 Waikeakua 16240500 44.68 14.46 55.67 14.05
2 Puekele 16244000 60.44 32.94 37.98 24.74
3 Makuwo 16254000 24.62 12.13 22.36 13.91
4 Waikana 16294900 65.73 35.53 39.92 24.60
5 Makaha 16211600 71.33 39.41 60.08 36.14
6 Punalu 16303000 36.72 18.45 45.97 28.07
7 Pupukea 16325000 67.32 49.87 94.45 58.01
8 Kooamali 16272200 97.90 55.00 122.88 64.84
9 Halawa 16226400 41.67 21.37 43.57 28.23

10 Manoa 16242500 46.51 34.45 45.44 28.37
11 Waikele 16213000 128.32 72.91 118.36 67.83
12 Kahaluu 16283500 21.22 15.70 28.00 18.00
13 Waihee 16284200 21.71 27.83 37.72 23.47
14 Luluku 16270900 16.50 13.75 23.28 15.58
15 Haiku 16275000 36.00 23.84 26.83 17.00
16 Hakipu 16295300 32.75 15.90 44.90 28.14
17 kalanui 16304200 30.72 14.70 38.23 24.60
18 Waimea 16330000 67.63 37.16 89.93 53.13
19 Waiawa 16216000 138.83 77.56 78.22 46.22
20 Kippa 16212800 90.05 76.97 51.85 32.62
21 Kahana 16296500 65.83 36.17 61.23 37.48



Regression Equations Derived for Hawaii 
Watersheds

Watershed Watershed USGS ID A, m2 L, m (A/L)2 S CNID Name
1 Waikeakua 16240500 2.75E+06 1280.00 1.677 57.00 78.00 
2 Puekele 16244000 3.06E+06 3525.00 0.246 67.10 79.60 
3 Makuwo 16254000 5.29E+06 1146.00 4.026 45.61 71.00 
4 Waikana 16294900 5.75E+06 3500.00 0.470 63.28 69.00 
5 Makaha 16211600 5.96E+06 4600.00 0.282 50.10 72.00 
6 Punalu 16303000 7.21E+06 4219.00 0.405 57.82 70.00 
7 Pupukea 16325000 8.11E+06 12515.00 0.052 52.98 80.43 
8 Kooamali 16272200 9.88E+06 3288.00 0.914 19.00 68.28 
9 Halawa 16226400 1.21E+07 8296.00 0.176 66.78 80.00 
10 Manoa 16242500 1.55E+07 6592.00 0.357 53.83 76.00 
11 Waikele 16213000 1.18E+08 22072.00 0.243 24.00 82.00 
12 Kahaluu 16283500 2.18E+06 1540.00 0.918 58.00 76.00 
13 Waihee 16284200 2.51E+06 2200.00 0.519 61.30 71.00 
14 Luluku 16270900 1.19E+06 1424.00 0.588 77.00 78.00 
15 Haiku 16275000 2.51E+06 1690.00 0.880 71.00 69.00 
16 Hakipu 16295300 2.20E+06 2464.00 0.363 53.00 77.00 
17 kalanui 16304200 2.88E+06 3836.00 0.196 83.00 73.00 
18 Waimea 16330000 3.27E+07 17095 0.112 48.89 74.6
19 Waiawa 16216000 6.84E+07 16666 0.246 39.1 75.23
20 Kippa 16212800 1.11E+07 7992.00 0.174 61.82 78.61 
21 Kahana 16296500 9.69E+06 6966.00 0.200 52.18 75.27 
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Regression Equations of GIS-Based Nash 
IUH for Hawaii Watersheds



Application of GIS-Based Nash IUH in Hawaii: 
Manoa Watershed



U.S. EPA BASINS Overview

2.集水區暴雨污染物負荷估算:BASINS模式
Modeling Watershed Pollutant Transport and US EPA BASINS



3. Ala Wai 集水區模式分析

Modeling of Ala Wai Watershed 

Hawaii Depart of Transportation project on Survey and Modeling Analysis of HDOT  MS4  
(Municipal Separate Storm Sewer System) Highway Storm Runoff



Other Point-source 
and Nonpoint-source 

Pollution

Task 1
Formulation of Water Quality 
Models of Ala Wai Canal and

Halawa-Pearl Harbor

Waste 
Loadings

Task 4
Model Calibration 

Task 5
Modeling Analysis

Task 7
MS4 Review

Task 2 
Intensive Water Quality 

Survey

Task 3
Estimation of Parameters

Best Management 
Practices (BMPs)

SWMP 
Monitoring 

Highway Storm 
Runoff

Task 6
TMDL Review

This ProjectOther HDOT Projects

Hawaii Department of Transportaion Project 
Approach and Methodology



Design and Construction of a Monitoring 
Network for the Ala Wai Drainage System



Monitoring station of Manoa Stream at UH-
Manoa Hawaiian Study Center 



Monitoring station of Manoa-Palolo stream at 
Kaimuki High School.



Monitoring station of H1 freeway intake at 
Isenberg Street 



Field Survey

Field Measurements
•Rainfall
•Flow
•Water Temperature
•Dissolved Oxygen

Field Samples analyzed at UH-Manoa Laboratory
•Total suspended Solids
•Total Nitrogen



Model Formulation

BASINS/PLOAD Model

PLOAD is a simplified GIS based model for calculating average annual 
pollutant loads.



Model Formulation

BASINS/HSPF Model

The HSPF model is developed to simulate time-variable flow and pollutant load.
In HSPF model, a watershed is divided into several sub-watersheds. A sub-
watershed consists of land segments and water bodies which can be either 
streams or reservoirs.  



Watershed Sub-watershed

Sub-Watershed properties:
1. Hydrologic properties such as L, 

A, S, FTABLE, n, etc
2. Soil data
3. Land use data.
4. Other watershed indices 

parameters such as SCS curve 
numbers.

HSPF modeling

Watershed Characteristics and BASINS/HSPF 
modeling



Rainfall (evaporation) Stations



Results of Dry-weather surveys

Dry- weather surveys are conducted monthly to provide 
baseline conditions of flow and pollutant loads. 



Storm water surveys

Because of the lack of major storms, our monitoring network didn't 
capture as many storm events of as large a size as we had originally 
hoped for. 

Monitoring Station

Date Waikeakua
Manoa 
Stream 
Kanewai

Palolo 
Stream

Manoa‐Palolo 
at KHS Makiki H1‐

Isenberg
H1‐

Kapiolani

3/14/2009 √

4/10/2009 √ √

8/11/2009 √ √

11/25/2009 √ √ √

12/3/2009 √ √ √ √ √

1/31/2010 √

2/2/2010 Sampler  √ √ √

3/8/2010 Moved to 
H1‐

3/15‐16/10 √ √ √ √

4/3/2010 Kapiolani √ √ √

4/4/2010 √ √ √

4/6/2010 √ √



Rainfall, flow and TSS observed at Manoa-Palolo 
station during the November 26 rain storm. 



Calibration of HSPF model of Manoa 
watershed at Kanewai



Calibration of HSPF model of Manoa-Palolo 
watershed at Kaimuki High School



PLOAD modeling and the Average annual load 
from Ala Wai drainage system (a)TSS



PLOAD modeling and the Average annual load 
from Ala Wai drainage system (B)TN



HSPF Flow Simulation on  Manoa-Palolo Stream  
at Kaimuki High School



Basins/HSPF Modeling and Calculated Flow 
and TSS loadings to Ala Wai Canal during the 

Storm of December 3, 2009 



Estimated Annual Waste Loading into the 
Ala Wai Canal



4.實例分析和小組討論

Tutorial Session and Group Discussion


