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Application of the Peatland Hydrologic Impact Model in
Estimating Hydrographs and Water Yield for the Lienhuachih
Experimental Watershed No. 3

Shiang-yue Lu'?

[ Summary ]}

The submodel "UPLAND" of the Peatfand Hydrologic Impact Model (PHIM) was described and
applied at the Lienhuachih Experimental Watershed No, 3, a 3.34-ha natural hardwood watershed located
in central Taiwan, for simu]ating hydrographs and estimating water yield. Judging from the fitness of
hydrographs and water yield between simulated and observed values, the simulations of daily resolution,
but not for hourly, were accepted with 95% confidence. The resuits indicate that PHIM is reliable for
estimating annual streamflow hydrographs and for determining the effects of land use changes on water
yield for small watersheds in central Taiwan.
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Fig, 1, Control volume and soil zones for water
budgets in UPLAND submodel. (From Lu
et al., 1994)

Fig. 2. Water budget components represented by
the UPLAND submodel. (From Lu ef al.,
1994)

—191—

Ho

PET; #ZEHHE (mm)

AVT: H¥EHEE (C)

LATCF #ER¥E %2 (latitude correction
factor) - FATIE L 44 £ 50 EERT > LEARA A
PHIM 7 ({751 5 LATCF -+ HAfiR B LA/
REGABEZHIE -

i H SV>0.0 « FH| SV = 0.0 -

Thornthwaite AF{AILAFHFER ¢

L

Kk
PET = 16 x (10 al AVT) w Dl 3)
I MODAY
m
12 (g \1SM
1= annual heat index = Z[%) wereererens {4

1

k = 0.49239 + (0.0179 X D-(7.7F X 10° x
Y675 X 107 X B)oorreoereereererrenronnon (5)

Hrp

PET: S578ZEH(E (mm)

AVT: H¥EFRB (T)

Tm: A% (C)

DLI: H 34580 (day length index)
MODAY: SH = H

HLUMRRETRIRE » S/ N2 BB R
RyE HZz PET 3ELL—BE 8 53 15 1% B (energy
distribution factor) (Lu et al., 1994} -

2.8 H{A% (interception losses)

HERKBEHIE - HE A LEEES
RO pREY - 1E PHIM th » DL 3 ARBRS
BLETME  TEEENTSBHESERE - BB
REHEEREREEES =50 - BERksHt
HABEEBRZBETERB—/KF » BEk
AR FAEFRAT XL EE
A Bk B BT AE (zZross precipitation) B
MBERRLE - BERAZ I EREL Fig. 3
Zipay

3285588 (actual evapotranspiration)

PHIM (R ERAEHEE - HER
REREHRBBLREYREEREZ MM Wkl
THIHEAGE TR AT E



—192—
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{ OSIP = OSI *TRANSI ]
t ASTCOR_O= losm - OSTOR |
— Mo YES —
OSTOR = OSTOR + ASTOR_O OSTOR = OSTOR + PPT
NPPT = PPT - ASTOR_O NPFT = 0.0

1
| INT_O = MIN(PET.OSTOR) ]

— NO YES
DEMAND = PET - OSTOR

OSTOR =0Q5TOR - PET
OSTOR =10.0 DEMAND = 0.0
I 1

NO NPPT >= 0.0

USIP = USI * TRANSI |
I
[ ASTOR U=USIP-USTOR |

l.N()YES.i

USTOR = USTOR + ASTOR_U
NPPT = NPPT - ASTOR_U

USTOR = USTOR. + NPPT

NPPT =0.0
BNT_U = MIN(DEMAND, USTOR) I__J

___!UST OR. UNCHANGE |

‘—— NO USTOR = DEMAND YES _I
DEMAND = DEMAND - USTOR
USTOR = 0.0 USTOR = USTOR - DEMAND
DEMAND = 0.0
[ | INT=INT O+INT U T
—
Where:

ASTOR_O = available overstory interception OSIP =potential overstory interception
storage storage
ASTOR_U = available understory interception OSTOR = overstory interception starage

storage PET =potential evaportranspiration

DEMAND = evaporative demand

INT = total interception losses

INT_O = overstory interception losses
INT_U = understory interception losses
NPPT = net precipitation

OS5I = maximum overstory interception

PPT = rainfall amount

TRANSI = transpiration index

USI = maximum wndezstory interception

USIP =potential understory interception
storage

UUSTOR = understory interception storage

Fig. 3. Procedures for estimating interception losses. (From Lu &/ al., 1994)
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Fig. 4. Relationship between evapotranspiration
ratio (ETR) and volumetric water content
for mineral soil upland.

A: old growth forest
B: intermediate forest cover condition
C: open or clearcut condition

Fig. 5. Conceptional representation of the SSFL
segment for subsurface flow estimation in
the UPLAND sobmodel. (Form Lu ef
al,,1994)
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VS3 BEFIE LBCV BHhokisma

(m3/m) -

—195—

BBt LRZ F SSFL 2 Rita R it B fafig
e 5E - B BE AT 1 A ok R 2k S HE
B BUAHRERLUTHACEEZIREER
{discharge perimeter) Ril B85 HE -

=~ ek

(—) HEEKEHRL

AT LA E AT EEE S T E WA S
BRKERAREER - EEHMSFIAIREEREAR
95 0 Y R 120°54'3" F 120°55'0" » JL g
23° 5530"% 23° 56'00" 2 [ - B EEREN D
2210 mm » SR 21.2°C  FEIESFEE
1017.2 mm - FIGHHIHREE 86% - FHRE
SEH Table 1 - ZEREREKEREREN 343
RNE - EHRE 270 4R EHEENT 666 1t
RE 781 AR » BB 69% - EKEDR
ARIRES 0.46 » HEER 084 » FHIRHERA - #t
BhWE EEEE THEBREL(LIEEH %
[ERREEHEEL EXREECRE IR
HEOHRHEERKEEY  +BEE - #oME
HE 1.5 £ R E(BHIEE + 1978) -

ZHBKEMERHTE  KEVSBEL -
- T= - MEFREETEAE - FEMAE
miE S AR EZHAR R s AREES
Tilm sFE 8 E 228 39 - BIEMOK
EESMR 3 ES ARZHE - BEREVNESRR -
THERE  F-EREWHTEFARNEAE &5
R < - BUAAEBASE - iAHE
ZHESTREMTEFARZBERS « BUH-
MERBEDIERE S BERTECHRER

E » 1995) -
(Z) KX REEHEd

A EERHEE R =R BEKE 1982 F
1985 FRER MBI BER LR UHALER -
BHRESARBEREREREELECERRZRAE
# - PHIM {5 — B B —/ NS RERIFE « DIH
BB BESH—FER -5 TEARE
KEFEZ I RER R BT 2 KB E (annual
water yeild) ; DARFRER  BESHN ST
1 DUt 2R R B R itEmEhE -



—196— PEmE - FEA PHIM UL = SR B K E R S
Tabie 1. Weather conditions for the Lienhuachih area (from 1961-1995).
. Rainfall Avell, Avg, Avg. Rel. % Total >
Temp. Max. Temp.  Min. Temp. Humidity ET

(mm) (°C) (C) (°C) (“0) (mm)
January 43,52 15.51 21.69 10.05 85.44 57.69
February 59.35 16.64 21.93 11.13 86.59 57.48
March 73.02 18.57 23.62 13.27 86.70 84.91
April 128.63 - 21.57 26.58 16.60 86.21 91.77
May 312,61 2341 27.81 18.43 86.29 101.74
June 457.05 24.39 28.67 20.03 88.21 97.09
July 354.13 25.27 29.79 20.64 83.78 116.96
August 381.34 24.99 29.38 20.20 87.32 108.64
September 304.83 24,20 29.05 20.12 86.80 99.96
October 48.40 22.59 27.67 17.46 85.74 83.98
November 16.07 19.76 21.00 14.56 85.52 65.18
December 31.04 16.88 18.13 11.18 84.15 51.86
Average 21.15 25.44 16.14 86.06
Total 2209.98 1017.25

1} Average of daily 09:00, 14:00 and 21:00 records.
2 Represented by daily 09:00 records.
3} Measured by the U.S. Class A pan.

PHIEEREETL 4 £ BWE - HiiE - HRKIRE
EEEERREFERNEN - 52N 8 HRHEE
B BURRE - RREEHE - ERhERZE
ATER -
(=) BITHEKEITHERE(site description
data set)
PHIM HAAMKEKREZFERMEE S 5K
(BT BE (upland) ~ JEMiE (peat) ~ BIEFRIRE (mined
peatland) « ZKEERNIE (reservoir and lake) B[
(channel Y& F B FHAIBY/K SCETT - B TEZE M =55
LRI UPLAND HEA & - HEHORA » EE
W B BE— UPLAND /K38 (EHEHEGERT
TLEFERIF (LA bour SARITRE) » HRFRE Lk
ZITERE BBl AR ERIE UPLAND
RXET » ST EETH R BEKENR
2 - FRSEKEEER - dtEERER GIS TR
et Mg - HAOESE - g - 1L
FREE - BRAIE K ESFER R B e AR EE %
FZ MRS (S4B » 1978 & Rawlseral. »
1982 [ &4E&E - 1982 \ERBEEYIE « 1995) «
%% PHIM UPLAND FHE =z 7 & pHE s g

ASHEW 3 PEKEHBEZ BETIF Table
2.

Py ~ SRS EA

(—) HEERERLHEMR

L0 T FE W = R SR K B HE i 2 kil B
(annual water yield)EREE]Z X UHETIFL Table
3 KN EERE . —7 R Fig. 6 | HRANXETH
HEfG{EFIAL Table 4 -

AFHFE LA i 7 S AR R B o S Tk R
RIEC(ELAR ttest {ERHIEEESEZBET
# ¢ BB Table 3 82 Fig. 5 857 » FRsEff Sk
BEAESS - LLERZE1(1 £ 4 H)BBE
= MEESHRERFEAZEHS - FHAEE
F& : —& PHIM HAFSaRiEd  FrRRAZ
Hammon 2%, Thornthwaite FifE 5% (RS R
%) (Hammon, 1961; Thornthwaite and Mather, 1957)
HREECRG - BHEEEE 4 E 50 BB
M - MEE AR 23 ° 56' B ERE
HES | FHRELUMERGEHENES B
2 BB RS (PHIM 4.0 ST A
SMEREND)  FRETIEEE  FTRiS RS aigE
HEEEDEGEREE - 258 PHIM ¥E
R HALREINTBEE R (peatland) Z H RN
Mmagat » BEMELBRAZFEEEE XS
KREHBETFEFMETRRS o ReERY
FHEOE)  EEtEEs T HRBEE s
BIEEER - MELELEEAE  FFREL
B A5 SSFL - BERLRZ iR h @R 7TE
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1T EETRAKS RS ERENZEE » BT
HEAS 2 SR B R AR H K B T B R18 - BTk
BREEs - E=5 PHIM HRTHESEEL
H7K5E R (retention T, detention)THEE » MR B ELE
BRI B A (— /NP B — B BT & s Fe 7k B o

BERRCE K T BB R BB R AT RE iR R — - 648
IKEYJERBEE KN E T (RS TR 15
@7 STBETE) B SRR L B R R T s —
REERRETEREKERRIED &
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PHIM 3 {4 5 S ARt R AIRT 18 s - a7k
NEHZBABRAEREE - HESERY
& EUESEMEE . PHIM Btk
Sh HEHESISRE  BEE - BEHRE BT
B +HEKESEMERNZ A EF R Table 4
B Fig. 6  Table 4 (P EgBgiakt 2 EBRR
Z 18.7%  FEEREE RSN EERT
- #EMEESERYEE B3%ES (BLE
HENE - 1995); MARBBER SN —Eik
{EABUE - HEEBN REE - WL PHIM
SR BE R AT SSFLE LRZIBZED
BB EHEE .

Table 2. The format of UPLAND submodel and site description data for the hydrologic unit

of the Lienhuachih #3 watershed,

Characterization data Description

WS-L3 UPLAND DATA SET Description of data file _
95.0 330 Overstory cover % and max, interception capacity (mm)
80.0 1.20 Tall shrub cover % and max. interception capacity (mm)
40.0 1.00 Low shrub cover % and max. interception capacity (mm)
90.0 1.00 Herbaceous cover % and max. interception capacity (mm)

1 1 Month and day of the beginning of growing season

1 1 Month and day for the maturity of foliage
12 31 Month and day for ending of growing season length

0.0 Rain-freeze threshold temperature (*C)

0.0 Snow water equivalent (¢cm)

0.150 0.0 Melt rate coefficient and base temperature (°C )
30.0 200.0 Depth to the base of SSFL and LRZ {cm)

150.0 The maximum of depth of rooting (cm)
0.9750 Beta value for Gale’s vertical root distribution
0.4810 0.2050 0.0510  0,,0¢, and 8,, for SSFL

0.4080 0.3300 0.1200 8,05, and 8, for LRZ

0.1030 0.0510

Soil water content when water supply limits ET and ET goes to zero

0.1650 0.1200 for SSFL and LRZ, respectively
0.060 0.197 Cambell’s b value for SSFL and LRZ, respectively
3.530 8.340 K., for SSFL, Impede horizen, and LRZ (cm/hour)
17.280 0.2300 0.230  Drainable porosity
0.390 Infiltration capacity (cm/h)
0.80 Area of hydrologic unit (ha)
3.43 Discharge perimeter (m)
780.6 Average land slope (%)
69.0

Note: Column positions are free and variables within a row are separated by 1 or more blanks.
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Table 3. Observed and simulated annual water yield for the Lienhuachih #3 watershed.
Water Annual Annual water yield (mm) Sim./Obs.! t-value?
year rainfall
(mm)} Simulated Qbserved

1982 2236 997.35 836.60 1.193 -1.074

1983 2470 1216,98 1035.62 1.174 -1.127

1984 2215 987.84 913.82 1.081 -1.778

1985 2657 1230.23 1053.28 1,168 -0.625

1) The ratio of simulated and observed annual water yield.

D Comparison between simulated and observed daily discharge. The 95% and 99% confidence levels are 1.960

and 2.576, respectively.

Table 4. Simulated hydrologic components for the Lienhuachih #3 watershed.

Water Annual Annual net Annual Annual Annual AET (mm)}
year rainfall rainfall intercep. PET
{mm) {mm) (mm) {mm) SSFL LRZ Total?
1982 2236 1824.16 411.75 1319.51 178.13 428.16 1018.04
1983 2470 1908.35 492.74 1382.75 216.57 391.23 1100.54
1984 2215 1781.58 433.42 1361.08 185.41 409.57 1028.84
1985 2657 2002.45 449,27 1371.50 190.82 389.92 1030.01

! Including interception losses.
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Fig. 6. Estimated and observed hydrologic
components for the Lienhuachin #3
watershed.
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Table 5. Observed and simulated stormflow volume and peakflow for the Lienhuachih #3 watershed.

Date Dur. Total Volume Peakflow
of rainfail

storm storm  amount Simulated  Observed Error Simulated Observed  Frror

began () (mm) {mm) {tmm) (%) (cms) (cms) (%)
05/10/82 74 27.02 1.450 1.188 22,05 0.00088 0.00054 62.96
06/23/82 23 2091 4.329 3.992 8.44 0.00701 0.00420 66.90
07/21/82 41 4537 14.175 9.973 42.13 0.09034  0.02034 344.15
07/17/33 82 19.51 2,444 2.480 -145 0.00138 0.00102 3529
04/25/84 230 134.84 14.997 13.870 8.13 0.00421 (0.00295 4271
05/15/84 63 26.69 2.208 1.967 12.25 0.00246 0.00196 25.51
09/04/84 28 32.60 3.699 2.977 24.25 0.00793 0.00689 15,09
09/25/84 86 21.69 6.461 6.432 0.05 0.00301 0.00282 6.73
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