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Research paper

Effects of Changes in Land Use and Rainfall Patterns on

Water Resources Conservation Capability in a Watershed

Chia-Chun Ho,”  Chun-Wei Tseng,2’3) Chia-Chun Lee,”
Jen-Yang Lin,”  Chih-Wei Chuang™”

[ Summary ]

The average annual rainfall in Taiwan is about 2500 mm. Because of the uneven distribution
of rainfall in time and space, the steep terrain, short rivers, and rapid flow, water resources cannot
casily be stored. In recent years, due to the vigorous development of the social economy, develop-
ment of lowlands has become saturated, and development has gradually expanded towards slope
land; this has brought tremendous changes to the original hydrological cycle system. Therefore,
understanding the impacts of changes in land use and rainfall patterns on water resources conserva-
tion is an important issue at present. The Shui-Li Creek watershed in central Taiwan was selected
for this study. A quantitative assessment of water resources conservation in the study area was con-
ducted using the BASINS/HSPF hydrological model which was developed by the US Environmen-
tal Protection Agency. The following research results were documented. (1) The parameters were
calibrated and verified by flow data of the years 2009 and 2010, respectively. The results showed
that the correlation coefficients () were 0.87 and 0.72, the determination coefficients (R”) were 0.75
and 0.52, and the efficiency coefficients (E) were 0.39 and 0.11, respectively. This indicates that
the model was reliable. (2) Simulation results of land use patterns in four periods showed that rates
of annual water resource conservation were 23.37 to 23.82%. After a cross comparison of land
use, it was found that patterns of forests and buildings had the greatest impacts on water resources
conservation in watershed areas. (3) Three patterns of land use (forest, agriculture, and buildings),
which can easily affect water resource conservation, were selected for six simulation scenarios.
Results showed that land use change from forests to buildings had the most obvious impact on wa-
ter resource conservation. (4) Comparisons of water resource conservation of the annual rainfall in
high-flow and dry years showed that rainfall which was stored in the watershed area in a high-flow
year was better due to the abundant rainfall. The rate of annual water resource conservation was
about 26%.

Key words: BASINS/HSPF hydrological model, water resource conservation, land use, scenario
simulation.

Ho CC, Tseng CW, Lee CC, Lin JY, Chuang CW. 2019. Effects of changes in land use and rain-
fall patterns on water resources conservation capability in a watershed. Taiwan J For Sci
34(4):217-33.
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Outlet?
(Zhongshan Bridge)

Fig. 1. The site of the study area.
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Fig. 2. Flowchart of the study.
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Table 1. Acquisition data for establishment of the Better Assessment Science Integrating

Point and Nonpoint Sources (BASINS) system
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Table 2. Acquisition data for establishment of the Hydrological Simulation Program-

Fortran (HSPF) model
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Table 3. Weights of the control area of
weather stations in the watershed
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Fig. 3. Spatial distributions of weather stations.
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Fig. 4. Spatial distributions of power plants and reservoirs.
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Fig. 5. User interface of Hydrological Simulation Program-Fortran (HSPF) model software.
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Fig. 6. Results of calibration flow in 2009.
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Fig. 7. Results of verification flow in 2010.

Table 4. Results of determinative indicators for model calibration and verification

HH FR AR THEREL ) PUERERY) REZCE R EL(E)
RE 2009 0.87 0.75 0.39
g 2010 0.72 0.52 0.11
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Table 5. Results of estimation for water
resource conservation in 2009
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Table 6. Area statistics of land use patterns for each period

R 19904F: 19954F 20004 20094
HIRE [T [T THIAE [T [ [ [ Tt
(RHH) (%) (BE) (%) (BE) (%) (BEH) (%)
R 139454 22,01 1598.15 2523 1571.8 24.81 1564.44 247
Rk 427427 6747 415267 6555 412866 6517 417377  65.89
H 302.11 4.77 283.09 447 286.54 4.52 287.44 4.54
| 193.21 3.05 192.03 3.03 191.93 3.03 191.44 3.02
A 147.32 2.33 95.95 1.51 92.1 1.45 92.37 1.46
[ e 23.37 0.37 12.93 0.21 63.79 1.02 2536 0.39
Mzt 6334.82 100 6334.82 100 6334.82 100 6334.82 100

Table 7. Statistical results of water resource conservation of different land use patterns for

each period

FE FEGREM) KEFERERO)  GEUERUKEERERmm)  KEEFRIER%)
1990  84,441,580.26 27,652,096.67 436.79 23.82
1995 84,880,465.91 27,213,211.02 429.86 23.44
2000  84,964,427.43 27,129,249.50 428.53 2337
2009  84,787,803.20 27,305,873.74 431.32 23.52
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Fig. 8. Spatial distributions of sub-watersheds.
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Table 8. Water resource conservation for each sub-watershed in 1990 and 2000

EHH FEEKENRR No. 1 No. 2 No. 3 No. 4 No. 5

TR BV (%) 19904F 18.64 2672 27.15 23.62 2294
20004F 18.53 2635  26.86 2279 22.78

BN KRS b(mm)  1990~20004F -1.90 -6.74 518 -15.18 -2.86

Table 9. Statistics derived from land use pattern changes for each sub-watershed in 1990

and 2000
FHKE TR T AR
ok () =4 FRAR Zatih 7KF] T R

3 1,065.370 -0.023 -1.404 0.155 0.004 0.472 0.797
2 869.193 1.176 -1.177 0.243 -0.053 0.514 0.325
4 2,455.640 4.698 -3.093 -0.058 -0.008 2283 0.744
5 1,048.153 3.057 -2.366 -0.935 -0.015 -0.378 0.638
1 896.464 2.025 -2.077 -0.773 -0.065 0.440 0.450

i

A BAL%
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Table 10. Water resource conservation changes for each sub-watershed
- Y > Bk A > R RS > Mk bk > At RS > At Bk > 3
FHKE S2 CR S22 CR S22 CR Si2 CR S22 CR Su2 CR
Ty @) @m) @) am) @) m) (%) mm) @) m) (%)

1 3437 34493 036 3445 023 344.17 0.14 34241 -038 34288 -0.24 34321 -0.14
2 48326 48451 0.26 484.05 0.16 483.74 0.10 482.03 -0.25 48249 -0.16 4828 -0.10
3 49294 49397 021 49357 0.13 49331 0.08 49194 -020 49231 -0.13 49257 -0.08
4 42224 42268 0.10 42252 0.07 4224 0.04 421.79 -0.11 42196 -0.07 422.09 -0.04
5 422.08 42289 0.19 42257 0.12 42237 007 42128 -0.19 42157 -0.12 421.78 -0.07
FE ¢ SulRyJ AT K ET IR TR i » Su2 Ryl fi B A7 A < K IR TR - CRBS BELALIAIAE /K 5 T2 1 0
=3
— Building->Forest =~ — Building->Agriculture =~ — Agriculture->Forest

< Forest->Building ~ — Agriculture->Building ~ — Forst->Agriculture
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Fig. 9. Changes in water resource conservation derived from changes in land use patterns.

Table 11. Sensitivity analysis of water resources conservation derived from changes in land
use patterns

b B 7R e A Sul (mm) Su2 (mm) CR (%)
Ditk>fE 431.37 431.02 -0.08
RS 431.37 431.73 0.08
BV 431.37 43233 0.22
Frbk->2) 431.37 430.42 -0.22
RS 431.37 430.77 -0.14
e 431.37 431.97 0.14

RE ¢ Sul B LTI KRR R  Su2 Ty LTI KRB R » CRIS LRI A
R R

MY~ RN RS B o RS - MK SRR E KRB RIRE &
IE N R ER A RERED - R B KW R A H T R R B
JEE S8 508 5l i SR S 9 3 B K U e L UEEERERNEORL (8] 10) - fii2E 200848 s Sk 4
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Fig. 10. Statistics of precipitation at the Sun-Moon Lake station (1986~2016).

(GFRERTR3ISS1S mm)  2002F RHKERRE  — » SRR LM AR 8
RTRE1455.8 mm)ff Ry ST HR AR SR o FE HILEE1990 5 2009 (P4301) +- il

DU R W R 2 T i T SR K & 7 T FE /K Uk 2R R K B R AR R R KRS
RN EMSE - 151200844 /K & BKEER BT TR 7K R AR R 43 F9436.79 ~ 429.86
M 53932.9 mm » A /KA AERER 5 F 1446.6 428.53}431.32 mm » KEFEIEMBERS B
mm ; S ERFERRERAAZEL » 5351201990 K 23.82~23.44 ~ 23.37}423.52% » B+
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F526.835226.22% ; MK 2 BT TG KE JH A A BIFHEMEKRERS I BEGRE+
FER15300.53/¢294.25 mm > KEPFFREERT, W~ BEAKE ~ PRI KR ETK &I IIEE -

20.775220.34% (%12) - O 7K B 5o B2 25 B B R R i 10 i 2 T
HE
B
= BT HRKEKE R EREE
AW FE T B B TSR 2 7k BLIR /K 3L P KA IR TR AE ) 722 R AR 2 1990
T T 55 LR 58 - & TSRk E K B2 20004 EFTHEHE - Tufl T Bk E 45T 75k
IR ERE ST » BURE T ~ RN EIRE Ui 7 T 50 o 2 R LA TR AR /K o e
HEFTRY A B3R A > 733 5-0.83% (19908220004F 7k

Table 12. Results of water resource conservation derived from precipitation in high-flow
and dry years

Fu%Y K T ZKAE
AR (mm) 3932.9 1446.6
IR 1990 2000 1990 2000
BV TR K A B (mm) 1055.25 1031.32 300.53 294.25

TRE TR (%) 26.83 26.22 20.77 20.34
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