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Investigation on Temperature Regimes of the Air, Streamflow
and Top Soil Layers in the Riparian Area of the Lienhuachih
No.3 Experimental Watershed

Shiang-Yue Lu’ Liang-Shin Hwang Ho-Chiao Fu

ABSTRACT
perimental watershed of the Lienhuachih Experimental Forest of the Taiwan Forestry Research Institute (TFRI) from
2009 to 2012. The results show that the average yearly temperatures for air, streamflow, the Scm soil layer, 30cm soil
layer and 50cm soil layer during the monitoring period were: 19.9, 19.2, 20.3, 20.5 and 20.8°C, respectively. The

This study recorded air, top soil layers and streamflow temperatures at the Lienhuachih No. 3 ex-

yearly temperature changes were significant for all monitoring items and ranked in the following order: air, the 5 cm
soil layer, 30 cm soil layer, 50 cm soil layer and streamflow. Air temperature had the maximum magnitude of chang-
es within a day for all months, followed by the 5 cm top soil layer. However the maximum magnitudes of daily
changes were less than 0.3°C for soil layers deeper than 50 cm. The linear regression relationships of air temperature
versus streamflow temperature and air temperature versus the temperature of the 5 cm top soil layer were also estab-
lished in this report.

Key Words : Streamflow temperature, top soil temperature, air temperature, Lienhuachih experimental water-
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1. HEHR

AT ATt EL Rk s B P EE T o 0 = 9E
SptkEE Kl » BRI R e K& S /KHEE R )7 2 AR >
e sy R Ry E120°53'01.47 B N 23°54'40.47 - JHIEE R
597m - =SEEE/KIEETE 4.10 ha, P B 57.7% » SRS E
1Y 659m % 810m 7] » tE 4 LARRIBRE S L RHEY R T
#-PrESE 8P (Luetal, 2009) A AS/KER By B4 5
7Kl Eﬂnﬁﬁ&‘%mﬁ BKRIRZE T AN B - TR A B
[l (upland) fEY)MEBARENYESR  EEMOEEFIRE K
20.8°C » FEHERE R 2181.3mm > SEIIMEERE 85.6% >
7R E R 1032.9mm - KENE @ RIERHEZERBUNE » &
TR R R EEETE 4 HFE 10 A HAFREER A
GETEERAFE 1 (Luetal, 2000 ; PGS - 2008) - SEHE
BEZamE e EREE AT MEABAERZE
8 R RREEZIEREL  FRAFEFE IR L
(EHIE%E > 1978) © Lﬁ%@ﬁﬂéﬂ@ﬂi@% WERE T EHDEF
WHIEYIES -

2. EBAER

KRR HYGROMER MP100A B2 5§ FE 25 55 1]
KRR AR - RV i ny ORI 77 751 Fs -40 to
60C K 0% to 100%; S R4 A £20.3°C (-20 to 40C)
Bl $2.5% (0% to 100%) - 111 75 B RUFELR S+ RIS E IR g 1
BOREHLZRKR 5 BIE -40 to 55°C AVFEEAIEHERE Al 2 +
0.3C = MP100A JfZEE RUE SRS AT B % 2.5 AR

i RN K B R B PR ST a B T KBTI - BRI,
?%xmﬁﬂ’]%ﬁ‘ﬁ” S B KS BEAMAE S » BRAE AR BRI b
i IRV F AL R RS R AR R 5-30 K
50 Aorpay T3 - S HURE LU 10 78— KA
SREGH R B B E B e 2 B RHE A E R (data log-
ger) ©

x 1 EEbERERRL (2009 F3 BE 2012 F 2 A)
Table 1

3. PEH

BB 2009 43 H 1 H 1B 201242 H 29 H»
3 4F - R 200947 H1 HET7H 15 H ~ 2009 49 H 21
ZF10 5 17 Hk 2010 5 1 F 6 HZE 20 H - [NEEESHEARRE
WeERECERIN > HERIYRTES R R B e VAT H: - BRACHE
FEIFRE] ~ ACRORIE ~ AHEREE ~ IRRUICH ~ %L Sem BE 408 -
F L 30cm JEAUR K SOem FREYTHORESFER - S HE
144(6%24) 205k -

4. PREE
BTG IR H P E R E HEACHaFEE A
PR RN R P E AR H &8k - EANRF H P06 &% Julian
calendar (I 5 1 H &5 —K » &45f 365 50366 K) F31 >
MR HT RvEEsk Gt 3 ) 0 DT ITEUHIHRE S EUR
fyH BB AR - SAMIEEEEAMEER S
B HVBUHISCERECRTS 3 SRR R P9 (E B R
JEAE E o ABTFEIREL Microsoft Excel EHEHAG KIS IZATK
o~ F AR ECROR I R R (X -

= RREF

1. FRE

FH 2009 4£Z 2012 FEDAIEARM 2 KRR~ BERK - RgLiE
5cm ~ 30cm ~ 50cm SRERY HSEHETIREE 20 LEURE 1 -
RF BRI = H S RETHIRE 7 H - B
7 BfpRA@ 50cm 13 AREERAREITRERHK
Gh Btk Hn 9 R Pa BEE B39 HIRE RS B0 50cm
THEEEH R ARYENRE » 1 L 55 BURE T SR B KIS HYRRSTRE LA
B EEE - = 1 BURE SR KR EHEN 7 B Kk 8
A BT E SV R BRI AR 7 A v
= bRk 7 HEL 8 HEY g RS R Z H Iy R R H S
AN B B T3 TS K RAY H M  5RAHER

Climatic conditions for the Lienhuachih area (March 2009 to February 2012)

Total rainfall Average daily temp. Average daily max. temp. Average daily min. temp. Average relative humidity Average Discharge Average radiation

(mm) © © (© (%) (mm) MJ/m)
Jan 53.7 154 215 11.4 94.5 0.057 306.76
Feb 28.0 15.5 21.7 113 93.6 0.296 31824
Mar 1559 17.0 224 12.9 94.5 0.646 334.57
Apr 179.6 20.2 224 16.9 94.1 0.550 347.58
May 3218 225 275 18.9 96.3 2.398 417.30
June 715.8 23.0 278 20.2 975 6.775 355.78
July 490.5 245 29.9 20.7 95.1 4.609 503.71
Aug 47175 23.7 29.1 203 96.8 6.633 419.85
Sept 257.0 21.8 29.0 19.8 95.9 2.066 41845
Oct 1153 19.1 273 18.1 95.2 0.436 375.64
Nov 67.8 16.4 249 154 94.7 0.346 308.09
Dec 21.2 15.2 214 11.0 942 0.072 296.30
Avg. 20.1 25.6 16.4 953 2.054 366.86
Total 2884.1 4402.27
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FHVRERE M H RES 2 A8 (S H PR
WAL 1 A BRARREH IEIES 251 TN RIREE S REW
o BE PAIPREEEA R T 6 HRE 12 H > R
= AR SR S (RFEREN BE » 2810 i s B A (BRI I R
S B A SRR IR AR 58 2 — B0 W R R TE2 2R
Rkl (BFE © % - [FR - 2RESE) #2 (Hillel, 1982 ;
Iverson and Hutchinson, 2002 ; Lu et al., 2008) ©
S KEI AR RK R RE LB RET 4 AR
= BRET - 498 20.0°C » {RFAHSE IS R BB B
B > I Sem HYTBERSERY » BHZEHY TR Ry
0 B AR R By e - RRORE RIS » 2R B RRA VR 2D
EESE IR E R RV BVRE A T R S B SRS T R L
R Ry o & RURERR 20.0C @ BF/KER=&ETRSE
F AR /K 25 B B R EORBR AT AER (subsur-
face flow) EELAR (baseflow) 5 [FEEEZEEHY 1B /KE N /K=
MR ARSIVRE o« FRIMKIUELEL (specific heat) A >
AR B EEK - IRRREAZ — (Brown, 1969 ; James,
2002 ; Lu, et al., 2004) - ZATItRLLEBEMIG BUREKHT 2 KR -
BSUK SR HIBANRIETNME 4 HIER =& 50 - 95
16.5°C » BUEZE S Ry (Lu etal., 2010) - HHFEERG2ERAELL
& P RER R J7 A 57 T U ISR ST AR 3,
4T 1360 M - [RS8 /KA BRI 2 S (B8 -
PAMIE R R B UK Bk 1 R AR BRI PR T2 S
H U & - IREAHAN R - AP 5T -
THOREE L2 E H RS - HEOKEE - R - -
BRESE RAYEBE R 8 ML ER T XTI =E/%
B R o ABSHVERSTRE B2 F 1% AR B AV RAAR
(Cellier et al., 1996 ; Ogee et al., 2001 ; Lu et al., 2002) :

R,=H+ LE+G (1)

Hrp
R, B F#5EETE (net radiation, cal/cm?)
H &ARZEGR (atmospheric sensible heat flux, cal/cm?)-
AE R 2K 8 BB RE  (latent heat or evaporation flux,
cal/cm?)
G REEFEIMIE FTHYSERE (net energy storage within the
canopy, cal/cm?)

BRI A: R ZERUBOCEERR EREASRE
BH=702 755 Miller, 1956) ; {HAGER & (E M FT M EE
> AR IER L N gD B E RS -
DRI B Y > BB Y S I A ST AVERETAE > RIifi T
JHEF L ERE (Abdul et al., 1986) o F2#EE |7 i F (9 s
(mulching) > FI[H4RHES ZREHE A 1388 > TR rlUR4% LI BAE
HIRR (AT R » I v AR R 10 -

T BK Y By T B T I ENRE RS PT TN R E TR
JEREERUR R TR T RIS H R A EE N -
&Ky R LRI BRE 2 K 3 2635 » R
T LAPREAREUEN > BEFVENHGEEGE T E L
8 o B IR AR > HI 238 PR U A B E % F I

T8 W H AR HVERET] T e 1158 - 8K TrEr s B
& (thermal conductivity) - #\5 & (heat capacity) Kz ZERL
(thermal diffusivity) » MM A& THORE ; BE 1 HUKEE
5 TR R R R - BEEOE 2 138 FRTIRR
Gh o ZHE TR EERLRN - BESE R HIEEE T T g 1
5 SRR B LK -
2. FEIMEE

2 FYBUHIRAR S T S DR E AV LIBTE - HpDIK
FOREHVEEMRE RN - HABIFY - FORPREBAAERH &%
HRABZREME(LAN  HZRIRAER R AV
JRRIRF RN 2 A2 BTS2 (Seyfiied et al., 2001) © {5 H BRHRSS
BN EEMME E R R SR N EE S EE RN
A4 ZERIZFIR RS RER 2 I A B DR LA
ZHIEE K - THUREEM BB JC AR g2 5 Ry EH
B BURMME R FURE BN - g TImAnR e R g LAY
8 < BR/KORE ZELAIREEY N - LR ATETRRHVE IR
[ BRI RFORE R E s LELR SR
B REEARE -

S R BRI P 40 B Y i e L e (BRSP4 E RS DA RO R Y
HEGIAER 3 ORISR SR R IMRI R KR Sem %€
OB~ 30em SFEAUR ~ 50em FEAUR ~ TRA/COR o s HER
AN HIRR ~ BAUK ~ Sem F 30em RS 7 H 7
H > 50em ZHEmAls4E7 H 8 H  MREH FEREE
FEEsAEE 1 H 8 H » HMEDAPEE AIZEEE 1 A 10 5 - B
ARG i = RS (BURERRS RIS i = R 40 sh) Rk
o e AR Y H B = H PR RO (R DR AR H Bl —8- K
S RFUK ~ Sem AR - 30em FEASE ~ S0em S ASEAYLE
B e R R By ¢ 25.03 ~ 22.58 ~ 24.50 ~ 24.73 7 24.68°C ;
EE R ECRE (BUAEARI AT 0y R ECR ) RSy Rk
10.10 ~ 14.13 ~ 13.17 ~ 14.22 7 1491C -

x2 EEM 3 REOKEAKFAERAE A TI9/E (2009 F 3
Bz 2012 5 2 A)
Table 2 Monthly average temperatures for riparian of
the Lienhuachih No. 3 watershed (March 2009
to February 2012)

Air Stream-flow 5 CI]‘: ;;fr 'soil 30 clr:y(;f soil 50 clrerlly(;f soil

Jan 15.02 1547 15.96 13.60 16.70
Feb 15.19 15.50 16.23 16.44 16.74
Mar 17.01 16.74 17.67 17.95 18.07
Apr 1999 19.07 20.05 19.98 20.06
May 20.20 20.78 2197 22.07 22.11
June 21.71 21.08 22.18 22.56 2267
July 24.17 22.06 23.85 24.05 24.15
Aug 2348 21.98 2332 23.75 2392
Sept  23.00 21.72 23.36 23.73 23.94
Oct 2127 20.82 2221 2240 22.68
Nov 1897 19.44 20.14 20.49 20.88
Dec 15.02 16.29 1627 16.81 17.35
Avg. 1991 19.24 20.27 20.54 20.77

Unit: C
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FEMETTREIBEN I TEE - (R AT H IR Z I Julian
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YR —K > BEAASREES BAHE - (B AR AR ITRE 2
R RIS B R 2252 » B FORAE Mg IR R
PR R - RABUHIB NG > RIS KRR S 2R SR 4R A -

3. HEH

3 Fo#s A& B DR Y H LIS o DIASROR
S bR R > Rt Sem FRAYHIFORE R > FHRRy 30cm
HHORE > S0cm ZELL N HY LR EH H LR R A EE 0.31
C o ZEAREEE - BRI H B LEEE NARAR R L
Sem ZEHYTBOREE(EELE 0 HFR 7 Adh o FERACE /I

— stream

—

Temperature(°C)

Month
1 EEM 3 REKRBKEAR  ERKRRELERF
19RE
Fig.1 Monthly average temperature for air, streamflow
and soil layers of different depths in the riparian of
Lienhuachih No.3 watershed

Temperature(°C)

1 74 147 220 293 366
Day of the Julian calendar

2 EFEM 3 REKRERAE FELE
Fig.2 Yearly temperature fluctuations for the riparian of
Lienhuachih No.3 watershed

&3 EEMIREKEEKEAR  ZiIKRERELIERE
ZEARES/NBTHE (C)
Table 3 Maximum and minimum daily temperatures for
air, streamflow and soils at different layers
for the Lienhuachih No.3 watershed (C)

Air Streamflow 5cm 30 cm 50 cm
Maximum  25.02 2258 212 2473 24.68
ool | igg 188 188 188 189
Minimum ~ 10.10 1426 1461 14.82 1491
Day of 8 10 10 10 10
occurrence
Range 1492 832 9,51 9.91 9.78

1) On the Julian calendar with 1 January as day 1.

A+t 30em ZE4IE 2 HE(LIERE - 30em ZEAY TR R H
HYELIERE T A 0.45 2 0.74°C 2 > HpDLl 2 Arvs LigEs
BK 0 12 B/ o 50em F09 - 300 S i H R RV LR
EH 0.30CH#AER 5 A » MHEMH G E{LANEEIT M 0.22
TZE 030 2[ - BrnFER RSPyt - E5 Lo
R RIGH IR/ VAR 3 CHIH L
60cm Y THURE HE(L A GiE 10 » BRI LEED
(Tange et al., 1998 ; Brevik et al., 2004 ; Coskun and Imanverdi ,
2004) - EHEAEYEES - NEETEKESES > QL8R
FEEHY B BB B RN B - PRI R AT RS 20% S0cm 287
TR R H S EIRAE 0.11°CEFEE (Luetal, 2010) Z R 118
REABEASEEKES  BEEEE SRS 5 5
JIN e

FBUAE B Y H B mrR & F 38 A 0 e Al s — By AR
M REROR SRR 11 B 13 Bh7 [ (Bl H
TR SRR - IBKIY R mn R A 12 & 16 Bh
o H 11 2 12 HAISS AR 12 B 3Rt Sem 2R T8
Em AT 13 & 14 B - 30em ZEAY I SRS 16 £
20 B2 R - 1% S0cm B9 i mm e RIS E AR 22 BX
HZ 2 | B - REME H SRR 23 H 2 Al > 15
MG By 5 2 7 B IRRUKITH BRI LR R 7
2 8B > RJE Sem THRAVH RARE RIS AEAE 7 2 8 BifH
=% At H R RS AR M 2 2R RIS
H H i8R 254G 78 > Al o 30em &0y T g S H R K8
AR 8 2 12 B 5 1 S0cm ZEAY HIREE H R RO RIS R
11 2 13 5 NS B REEVNE - KR RE 1%
HYEEE T EUR E RIS HRST - S 2 P iRsT B8 i
H TR ERE AN E TR E R L ARG TR BN T
REHE R RE - A TR EER IS (time
lag) » RIIHt 30em DAT 1 SEf@ Ay {s H iz o 2 4 AR AR 247
o MEARRAE AR EAREF -
4. KR » TEEXFEER 2R

PR AR R BT E » RO R R LR
GREMZ R RRORE RS I A e R S AR 2 Y
KRR BRKERT 5 em 89 H DR ETOE 57 - 5F
A 3 SRS KRR AR (Toreamtiow) FLRFIRE (Tair)
LI e Ol PaT ES W

Tslreamﬂow =0.492 * Tajr+ 8.951

ML Sem HPEE (Tos) SRR RAIEERRA AL ©

r=0962,n=366  (2)

TSOS =0.775 * Tair +4.094

BSOSt Som B EBRASRO 6 P I [RIBRR (22 90%
DUERTIEMREM:  BURIZRRU/KOR MR LR SR RORE A &)
HERATE « BERR ~ R RARSTEI) 12 EHEEEAR H KPR
RE - ILAEENAE R & [F)0 B RSB IIEAR R ~ iR Rt oK
DRI R e A B s AR B A - SRR Ry B B MY R &
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ZRATIE Rt il /OB H3OR Py R — TR AT THY T % -

r=0.954,n=366 3)
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Fig.3 Daily temperature fluctuatuins of each month for the riparian of Lienhuachih No.3 watershed
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