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ABSTRACT

The purpose of this study was to evaluate the applicability of the HSPEXP expert system for the calibration of the Hydrological
Simulation Program - Fortran (HSPF) for the study watershed. HSPEXP offers advice to the modeler, suggesting parameter changes
that might result in better representation of a river basin and provides explanations supporting the recommended parameter changes.
The study watershed, Sancheong, is located within the Nakdong River Basin and having the size of 1,072.4 kn’. Input data for the
HSPF model were obtained from the landuse map, digital elevation map, meteorological data and others. Water flow data from 2006
to 2008 were used for calibration and from 2009 to 2010 were for validation. Using the HSPEXP expert system, hydrological
parameters were adjusted based on total volume, then low flows, storm flows, and finally seasonal flows. For the calibration and
validation period, all the HSPEXP model performance criteria were satisfied.
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LM B a7 9 oSl disf 2 HAE 2ele L/RE M
FHfsHA ol &EaL A= Yt (Boyle et al., 2000). X
u)t 4% (USEPA)OIA i HSPF (Hydrological — Zujol|A% 222 ¢ d%akata) 4|12 AlXato]| ufe} clokst 225
Simulation Program-Fortran) 282 G-9th9] @ d&=Faa] 2ATFS o] R3}l HPEo] WEE|T ¢l HSPRRE Q] A

(Total Maximum Daily Loads, TMDLs)oll thgt ®9] ®go =z HSPEXP (Expert System for the Calibration of HSPF) (Lumb
nl=roll A FHLAEHA A-8EaL ok HSPF 232 A4S IR et al., 1994)5 o83t R A 7|§o] 2 o gL it

2 3ke Egoz avbso|al ARt RAY7|Me dske A HSPEXP# HSPF 29| fEul/jid: 848 98t AR7}b AlA
gof st 84S %"41/\]7113} (Kim et al., 2009). =& dog Hyo] HAS 9ol /= (total runoff), A9 10 %
A8 "l uie B 7S AR ol gl £ 922k 3 (10 % highest flows), 319] 50 % 9% T (50 %
SEA7IHI T AFE AL e AFsEA 7ol it ER lowest flows), ¥F4&% (storm peaks), 95 T+HEF
A7 A T BABNE de o Jleu BAETe] o (summer storm volume) 52| A|3&E o]&slal ¢tk HSPEXP
3 15 0] gt 1ol thet /171o] o) AR (Madsen, &= HSPF WHY] ABE AEe} wwshn, 2 AmY 0XE
2000). ¥ AFEHA7|HL LEjl A8ALe AU 27 AXksl, o|ZEE AA3} ufj7Hs ,] AHPS- A A3}, o]
ARgol dvke e 7}7\]‘4 Hgolut g vz H w70 2k o8 A T AS 7 AsE At ofg
+ AL ek s Esht At Al 7 ZRIA el ek RS Zﬂ*ldfﬂ H]aL2] HSPF &
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S 1 (storm flows), A&7 (seasonal flows) - & &
Et}. HSPEXPE ©]83F ¢ AMARe] 1y o] E&of ma}
7 B Hast g AAstal ol tigt 7]EE ¢
Hel & ARSAPL Yol ATE 88 5 ks Aol ol &
HAZe|et o] mygo] Ayt 7 599 e gRoeleke] ARy
I} Shetoll Qi JRrs 712 A maE o of8d 4= 9l
th (Kim et al.,, 2009). ZL&u}, =iWjollA<= oF2] HSPEXPE ©]
8R]F HSPF Hg9] o miljay HAlof ot 2-8-2vh= BA
ot Sujelde WY, Y, dsks /9, BARY,
59 49, Al 59 Soll HSPF 239] 284S 2t
ARI7E Ik (Kim et al., 2009; Choi et al., 2011; Kim et al.,
2009; Jeon et al., 2010; Jeon et al.,, 2010; Jeong et al.,
2011:). HSPF R85 fI8] AFs247|H 4ZESo]Ql PEST
(Parameter Estimation) (Kim et al., 2007; Jeon et al., 2010),
HSPEXPE ©]83F AH)7} 9lo™ (Kim et al., 2009), AE&<]
2FY7 7 ARAS (RY), Nash@} Sutcliff (1970)9] &&
A3} AL (RMSE)E o8sto] BHAeh AR|7F Qlck.
2 AFolie Tt AR Y fodl AP aR S
o2 SaFUEARe] WAMIS S5 A2 S 7]8ko. & HSPEXP
£ o83t HSPF Hg9] BAm 1S AAstal #8410}
oF 12s Sof 2P A8 Hrlekglth
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767.0 km* AEE AW 71.5 %= AL e} BAHA
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2.9 %, X, A 5 7[et A9o] 3.5 %= UERSITE Fig. 1
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Fig. 1 Subwatershed (a), DEM (b), and Landuse Map (c) of the Sancheong Study Watershed
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Table 1 Landuse Data for Sancheong Subwatershed (Unit :

Table 3 Observed Rainfall, Runoff, and Runoff Ratio for

km?) Sancheong Station from 2006 to 2010

Classification A B C D E F G | Total Year Rainfall (mm) Runoff (mm) Runoff ratio (%)

Water 04] 15| 12| 12| 16| 04| 16 8.2 2006 1,684.0 848.9 50.4

Barren Land 01| 03] 08| 44| 17| 04| 25| 104 2007 1,775.5 973.8 54.8

Wetlands 02] 08] 09| 15| 14| 05| 11 6.4 2008 784.9 303.8 38.7

Grass Land 03] 24| 24| 41] 19| 01| 14| 125 2009 1,168.4 430.7 36.9

Urban or Built-up Land| 0.6| 49| 60| 71| 35| 13| 79| 312 2010 2,189.5 1,183.9 54.1

Forest Land 85.5| 63.4(122.0]201.1|181.2| 22.9| 90.7 | 767.0 Mean 1,5620.5 748.2 47.0

Agricultural Land 26| 48.7] 424 620 376| 95| 33.9] 236.8
Total 89.71122.1 |175.8 |281.5 |228.9 | 35.3 |139.2 [1072.4

2%, YA/, AL, FREE, 2% DF SOl
[e]

y = R

o|2RH dH |, 4 FEF Y A=E AMYsIGith Table
12 F117)& (Maximum Temperature), A7]-& (Minimum
Temperature), 5<% (Wind Speed), &% (Cloud Cover), &%
& (Evaporation)& 9 Ha4ko= Yepd Aot} A7 &
QFe] AP Y] At #1722 19.0-19.9 T HMAIE 7}
Ao AGHd A7 7.9-8.9 C, ABHF HHEE5E 1.66-
1.87 m/s, 9B LS 4.69-4.93 tenths2 LFERTE.

3. Fletd It XN mO| AL

9] AeAtR, AR, SRS 5] st
SESFRI 2t T BN 2AFE ARE ste] Alge)
+ A FEAAE (hitp://www.wamis.go.kr/)2] A
A WEa g ol 8siGinh AT sete A RoxtE
oF =9-fF TALE o] gato] drE (S Abdstglon,
Table 2= 2006WE 2010W7H4] 749 7, FrE&S 2o
Z3 ok o 78] 4L 201090] 2,189.5 mmE 7P W
2 87k Wy A7 &9 E9 1,183.9 mmZ 3A YERdT
a3y A7 GEELS 200740] 54.8 %2 7P =9kon
e §EEL 36.9 % 200990]dck 5¥7ke] dABEt e
2 1,520.5mm, FEFL 748.2mm, &L 47 %= vVERTh
HSPEXPE ©]83h B9 BAgS 9sf 2006W+5E 20104714

o)

Table 2 Meteorological Data for Sancheong Station from
2006 to 2010

Year | TMAX ("C)| TMIN ("C) | WIND (n/'s) | CLOU (tenths)| EVAP (mm)
2006 19.7 8.3 1.72 4.93 0.17
2007 19.9 8.9 1.87 4.88 0.18
2008 19.7 79 1.66 4.76 0.18
2009 19.8 8.0 1.74 4.69 0.19
2010 19.0 8.1 1.74 4.93 0.17
Mean 19.6 8.2 1.75 4.84 0.18
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AR F 80 mmol o] GLFAME 23748 st oF &
FAROl diek mizie 2AS HAs) o83t

4. HSPF 2

HSPF 232 FREY A7) 22308 vlo Aol
19509 7iRHEl SWM (Stanford Watershed Model) Z& o]l
1970 dhol] =24 e] HEo] 7k 1980 thel] H-gAfe] =
£, ¥4118)=Z 715 WDM (Watershed Data Management)2] 7]
50| ul=t RAZARE (U.S. Geological Survey, USGS)¥} ul=+
ol Slall F7FE 2N e ot (HE+ 5, 2011).
HSPF 232 43 (PERLND)¥} 25+% (IMPLND)S&
Halo] mojx|n mofgt AuRl f-Ewk v e dYe] shEE
(RCHRES)Z Jg=|o] fE5} 23S moglty, HSPF &
P2 EAJolg gt AeA] &4, FY- v oA A digt,
L AZFH ol tigt B el ul=ollAl 7 s
A5 Qlr), T3 FREY, HEA HYPoR AT EYeR,
AFFE, 2, 71792, 444, sRe=E 84, S
G2, AL, 9l T3, APA] T4 5 BT ¢
At} (Bicknell et al., 2001). HSPF 282 HAS Lo 3P
ool 19909d o]% wifeE fAsks AE ZEIHS
HSPEXP, 91&¢ A= #e] A48 WDMUt 5 ARSAL HE A
2ELS o] gate] &4A| EdHES JUEe] HSPF S8y
o] WinHSPF, HSPF ®&o] A= A|zkdog Hojzy] ot
GenSen 23 5ol It (/AR w52, 2004). USGS (2000)
of =W HSPF 23S WDMUtE o]-&sle] =2 =79
SARA, ATAY 2 I & Alws RelA] ud
7HA] 717k gk o7} Thsdct Rk Al A A7 ESE
160,000 km*®] Chesapeaketo]l ©]27|744] thokgt G-ejo 2]
=9 £ Atolre 4 miiae] S $1sto] BASINS
Technial Note 6 (USEPA, 2000)& i1t} HEo] HAS
9fet =2 urASE Astelon, thad] Table 4= HSPF
Tyo] fEF BGS 9ol olgH & wiHaeet 2] 4
o5 o3l gk
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Table 4 HSPF Model Parameters for Hydrologic Calibration

Parameter
name

Parameter definition

LZSN | Lower zone nominal storage (mm)

UZSN | Upper zone nominal storage (mm)
INFILT | Index to infiltration capacity (mm/hr)
BASETP | The fraction of potential ET that can be sought from baseflow

Fraction of remaining potential ET that can be satisfied from active

AGWETP
ground water storage

Lower zone ET parameter - an index to the density of deep rooted

LZETP .
vegetation

INTFW | Interflow inflow parameter

IRC | Interflow recession parameter (/day)

AGWRC | Ground water recession parameter (/day)

DEEPFR | Fraction of ground water inflow that goes to inactive ground water

CEPSC | Interception storage capacity (mm)

5. HSPEXP 2B IIX| &

HSPEXP+= 9 Bdls] ARSALA HSPF 23] uf7jis> B
A& AYs] $13t AT AIAEIO R nlat 21-RARE (USGS)
oAl =] Qi) o] ZRIWL mo] Aulo] ulel wiHeE
olg| g8 RS ARgALA ARl Axpr} ofgA &
2Hd ZIAE sttt HlwA o] o&slA] ok ARgAL|
A= HSPF HE9] 4727|120 tigt ofsfE wolil o] B
e Hoh HelshA sk Aol lok. HSPEXPel &gt nf 7
*94 BAL FA 4GAR - (1) /2% Q) AT Q) &=

2 (4) AEA 2A - FEEo] AgPHrt HSPEXPE HSPF
Eﬁu A ASA)9h vlaeka, 7t A3 eAE AlkeH,

o|2YE HEst ufrfwao] BAUPHS A i :LEM g
I} AR gt B x| Yskx] Al 9loH, wieE
Aupt H3tAZ AJof| gk AR= AlFskA] eheth 3t J*
EZjolgo] np2 7o) B AASH] G thdol
ek A% HAE AT o o5 6URE 8Y, AL 12

Table 5 HSPEXP Model Performance Variables and Criteria
for Hydrologic Calibration of HSPF (Benham et al,

2005)
HSPEXP model performance HSPEXP model performance criteria
variable (% error)

Total volume 10

50 % lowest flows 10

10 % highest flows 15

Storm peaks 15

Seasonal volume error 10

Summer storm volume error 15
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d5E 29= 1A= Qlo], Aol o|e} Aol A HeA] A
43 uj= o7} Fasith thd9l Table 5+ Benham et al.
(2005)94 AtollA] ml= BAYolgo A e AFFE] (TMDL)
= XLQOV] QL] g AL Q= a2 v B
7EE HolFal §lon, 2 Aqtof|Ak o] 7]io| ulet By
o] HAE AAstal AuE 24819,

no] WrlE olgle] Aoz wo| o)Lyl Q= NuE
TAEFZL2F (Root mean square error, RMSE), A&
+AY 24} (Relative mean absolute errer, RMAE), At} 22}
(Relative bias, RB), A4 (R*), Nash-Sutcliffe &84 )
4= (Nash-Sutcliffe efficiency coefficient, NSE) S| Jct. Z+
Zko] AT 4] (1)~ (4)3 Zo] FAHTY,

1
RMSE= %Z}[Q,-(z‘)—@o(i)}z (1
_21|Qf 0 |
RMAE= 7 (@)
_ M~ M, 3
B= i x 100 (3)

NSE=1-""1 (4)

Atollie P i v 2 sl 20061 19
TEi 2008\ 1297k 3d7He] AFRE olskglen, 20061
HE) 2008W7HA] 1070 7-S-ARES AAs1e] HSPEXP R&%7}
A|E2] AEZLAM Yol tjgt uj S AT} (Table 6).
20| HAL Table 50llA AAGH BEH7IA| RS 7]5o| =&
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Table 6 Selected storm events for calibration and validation

3 o= 9k W7k AASHet Table 72 239 WA o]§
o7

3
7ol 2719k 4d S8, 24 5 A4 v

=
periods g
Period StOI’ITSZt;II’IiDg Storr];lal*igding StOI’m(Erl;ration StrOIzlmI;a)infall _}'\_ 94 7F'i jq% Ho:] % = ())J]\E]_ E]_Zé % UH7HEH 4\‘]5‘ _%_ %]_ % UH7H 1_‘)1\‘
19 May 2006 | 19 May 2006 16 865 9] 3gH90e]l Y= AOE UElth Fig. 2= dEeES =
14Jun 2006 | 14 Jun 2006 1 935 Q7R St FhREEE ASAIe ROjAE nluste] Kol
08 Jul 2006 | 09 Jul 2006 22 1355 T Sk YERERFY Blao)A 200699 7HE 2 EAMS
10Jul 2006 | 10 Jul 2006 16 2295 2 QX 2Jo|E Ho|1 glou}, AA moj|7k] tiEl tiFz Al
Catraion s T om0 T 00 e s ey gy ) IS
HSPEXP RH7HA 39} #5291 B7HA%HE olgsto] H7Iet
12 Aug 2007 | 14 /?ug 2007 55 223.0 QT—HE Table 83'/} Table 9°ﬂ @aa’o:‘ Hojzw 9}3:]— E%]Q
Wseant Dissamor |10 | o It HSPEXP RS RE Ve s
17 Sep 2007 | 18 Sep 2007 10 86.0
07Jul 2009 | 07 Jul 2009 17 935 300 5 eerved 3,000
15 Jul 2009 16 Jul 2009 38 1275 EZSO | —Simulated . | 2,500 =
19Jul 2009 | 19 Jul 2009 12 33.0 £ ---Ovserved cumulative £
Validation | 15 Jul 2010 | 16 Jul 2010 29 1715 3200 —Simulated cumulative - 2,000 3
28 Jul 2010 28 Jul 2010 14 82.5 o Eo
10 Aug 2010 | 11 Aug 2010 36 226.0 %150 1 150 e
06 Sep 2010 | 07 Sep 2010 3 168.0 S0 | .. - 1,000 8
z 5
Table 7 Initial value, Recommended Range, and Adjusted 8 30 - 00 ©
HSPF Parameter Values for the Calibration 0 0
Parameter Initial Recommended Adjusted Jan/2006 Jan/2007 Jan/2008
name value range value Data
LZSN 2184 50.8 to 381 105.92 Fig. 2 Daily and Cumulative Flow Comparison Between the
UZSN 17.53 0.25t0 50.8 0.05 Simulated and Observed for the Calibration Period
INFILT 1.78 to 15.49 0.025to 16 2.184
BASETP 0t00.1 0t00.2 0.01 Table 9 Conventional Statistics for the Calibrated and
AGWETP 0to 0.001 0to 0.2 0.0 Validation Periods
LZETP 0.1t00.8 0.1t00.9 0.5 Measures Calibration Validation
INTFW 1.0t0 2.0 1.0t0 10.0 4.79 RMSE (mmy/day) 2.44 1.36
IRC 0.6 0.001 to 0.999 0.7 RMAE (mm/day) 2.79 0.76
AGWRC 0.99 0.001 to 0.999 0.977-0.987 RB (%) —-0.28 5.77
DEEPFR 0.0 0to0.2 0.2 NSE 0.91 0.96
CEPSC 1.27-6.35 0.25t0 10.16 2.54 Iy 0.73 0.73
Table 8 HSPEXP Statistics for the Calibration and Validation Periods
Calibration Validation
Measures ) Percent . Percent HSPEXP
Observed Simulated error Observed Simulated error criterion (%)
Total runoff (mm) 2,329.5 2,326.1 -0.1 1,769.1 1,873.3 5.9 10
Total of highest 10 % flows (mm) 1,638.6 1,513.3 —-76 1,144.9 1,177.5 2.9 15
Total of lowest 50 % flows (mm) 180.3 163.1 —-95 111.5 119.1 6.9 10
Average of storm peaks (m’/s) 533.5 489.3 -83 318.1 297.4 -6.5 15
Summer storm volume (mm) 293.2 283.0 1.1 226.5 193.8 -6.3 15
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oS 0 ARAAIAES o g3 HSPF HRo] 2B ojis 1y 2 484 57}

FH7IAFE Al EE RMSEE 2.44 mm/day, RMAEE 2.79
mm/day, NSE=0.91, R“= 0.739] k& 29}l NSEE — w09
A 179 WS AL 19 7k SR 2 AA|S

ohe 4% ojnjgi

2. 2¥9| A%

2ol Aol o] gEx] ¢k 2009¢ 1¥EE 201049 12¥
7HA) 299) Apge} o] 717 F AAE 7] ARkl sl
w3 o] AAL AAEIGTH (Table 6). 717k gt mojglka}
Azzho] WG FrEHS sty 1 A3E TS}
At (Fig. 3). F7H-EFE 200992] AZgho] mojgre] 7}
FEFEL T G B o] JFOR IS HAAA ke
S92 5.9 %9 A7t S AR moEYtt myo] HH9E

= HSPEXP Z& B/} AEZ 0]

250 2,500
—Ovserved
EZOO | —Simulated ~ 2000
= ---Ovserved cumulative ]
s _ _ o
E 150 - —Simulated cumulative ~ 1,500
()
&
@ 100 1,000
k-
>
=50 e 500
]
0 - N -0
Jan/2009 Jan/2010

Data

B7HEE olgsto] ¥

Cumulative Flow (mm)

Fig. 3 Daily and Cumulative Flow Comparison Between the
Simulated and Observed for the Validation Period

7kt A3}= Table 83} Table 90i Aeldle] HojFal Qlrt, =
ol AA7|7ko| el HSPEXP REH7HA| 8] BE 7|28 1wt
Zsla o, FR= A9 10 % =% 5k 50 % =
e SR HlEl mo)7F tha A BOJEgloH, olF &
SAVS} S Ee HYA7E tha WA o HSitt HEA
ol PPN ES AEH RMSEE 1.36 mm/day, RMAE:=
0.76 mm/day, NSEX= 0.96, R*= 0.739] -2 24tk

HSPF Hgo] gL et uj7fH4=e] BAof| o] ==
ARE g2 e 5 glom, B AoflA 245t B
o]=re] HRYolgol A 99] e AZTFHE el AEE=
7lzolch dRkARl A7 HERR o Ao THETY oA
£ Faslels WHORE w7l BAGS AAJstA " o]
B Aol oAl BAo| o8 B YolEe] HSPEXP &3
WHRE A8 AUge At FHEFE Haskehe wiziHs
BAAI (AYe]2 B)E Hlastglh the] Table 102 F+ 7A
o] Alug] 2ol gt HSPEXP =& H7IX e} HEZ0] gy
7HAEE it HofEal Qlry AU e AS] ¢ HEol B
A3t 4717 A e gk 5.8 %, AU B 2419
T - 0.9 & HoEo] Alue|e B §E5F a7t WA b
ERgTt ey, AlUE| L Bolhs BAYolA defakA] oksk
949 10 % 2 SFREY SolAE At ta 34

Ve

v. 4 E
HSPF Weo] 2 w7l 2AL mgof o H2of wzt
71 ool BloluAl o= AdolA ARARE aiZis Ao
Hagk g sl 298 de 5 ok ielME= sk

Table 10 Summary of HSPEXP Model Performance Variables and Conventional Statistics for Scenarios A and B

Period Measures Observed - Simudated - HSPEXP criteria
Scenario A Percent error Scenario B Percent error (%)
Total runoff (mm) 2,329.5 2,326.1 -0.1 2,236.5 -4.0 10
Total of highest 10 % flows (mm) 1,638.6 1,513.3 -76 1,384.0 - 155 15
Calibration | Total of lowest 50 % flows (mm) 180.3 163.1 -95 142.5 -21.0 10
Average of storm peaks (m’/s) 533.5 489.3 —-8.3 361.6 —32.2 15
Summer storm volume (mm) 293.2 283.0 11 207.5 -23 15
Total runoff (mm) 1,769.1 1,873.3 5.9 1,824.0 3.1 10
Total of highest 10 % flows (mm) 1,144.9 1,177.5 2.9 1,093.5 —4.5 15
Validation | Total of lowest 50 % flows (mm) 1115 119.1 6.9 114.8 3.0 10
Average of storm peaks (m’/s) 318.1 297.4 -6.5 290.0 -29.0 15
Summer storm volume (mm) 226.5 193.8 -6.3 147.1 -73 15
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149 - A4
o A 4WY, HEF 2, SN 0 5O BAOE  wpHsE (B)2 PHESI] AZAG} vl BAG A%, 1]
U G A% o glou BSPE RO 488 i gl (ol RS BRERe ARG SRERn — 404
o) BAjolg, 714 SPH WY 5o ARS wdelme Ha W S o veht A% F9ESu tha 2 AolE wyd §
S5l Amo] Wl A7k AdHow Aaselor Sk ® A7 W AA7KIe] diet A3e) $9E9 A= A% 5.9 %ol
oA W AYGAL GEY RN AHLGAS WO B/E 31 %2 Ueht B $4EF0] A5 o SARE R0

2 HSPEXP—E— 01 }o:] WAMS %XPE (2006~ 2010)E 71*1}
e 53 Eﬁsu 8%
20065 2008L%7J}Xl 107
AAgE BEH7ER| 2] 7| = UL
ot Hofgiat AR vlal- 2
E:E%%E“’ vk Ayp 77t w ”}" 78-99e] AEA7} tha
2 7S YeIgloy BA7|T] tist mojgha) Al=gro] &
%ﬂkol oS- Al mojE|glon EX o] MAsh= o]

J AEge) A Q) doR TR AT 4
A % 23] 5ol o} 851 9 % T70O) AV (2009

-2010)°] i3l =gl AAS AAstdch YEaEFe] HE
799 molghut A=g) 7ke] Ajo7h thh & A oR yEpton
FREES 200999 AEgho] wojgke] FrkgEgRT 2
e B9 20109 ZHE mojghe] FrkgETo] A=ghe]
MESRG Bl wA G geRt ¥ GET0] vl 2jo)zt
A2 & 4 9ok 2ye] Hrhe dubr o wol o]gE 1 9l
= HAAEZ2A} (Root mean square error, RMSE), AtH®
#2222} (Relative mean absolute errer, RMAE), At}
(Relative bias, RB), 2344 (R, Nash-Sutcliffe #4
(Coefficient Of Efficiency, COE) 5= A-g35to] AAS}ich
BAT AA7)7k] gt RMSES] ®ojgkal AZgk A= 2.44,
1.360]3 RMAE2 2.79, 0.762 YRt} RB= HAo 4%
—0.280]|31 AL 5772 YER} AR |7k gist mejgkt A
Z7ko] tha o)zt len COEQ 4§ BAT} #A 2 H]
WA FosHA WeE= 0.8001421 091, 0.962% LehT.
dhd, ARAS R F 7zt 2% 0.732 2ojgha} ASgto]
Chh #Jol5 Kol Aoz el ol oA Wi
Aupd 29 9 559 SO QIe it Al gt
A0R AtaECE E‘Xéﬂﬁon O3 SpE mojgly A=zt
O] Z7F — 0.1 %0lil HFES — 8.3 %= YERT oF
TrRETl st wojgha AEghe] Rk 247 293.2 mm,
283.0 mm= 72| Az3IRom 319 50 % 9EF TS —95 %
o] Aol Bk HA7REe BE B FeH=o] dis) HSPEXP
LHBIIA| ] | ERARE “}}—6}04 é Yol Age & %
33t ZoR FeErt B o BEEriA R 7|5 1
EE }04 g w74 *Jﬂ*é% E&OVI 3l AAE Ay
HRE (), BAT 4A) & fEFe] 7 sl RelEle
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2 Uehgon 353 318 50 % 7= 3 E3 B30 %
o] 025 YEtfo] A9 ZeErt Aghel B ke A U
eRdlct. 12y o] & AlYE FRE 49 10 % 2% T
HFE% o8 35059 594 BY 497t HSPEXPY] &
FH7IARY 7S Hlolu g} 2 AjolE Btk o=
HSPEXPY] REH 7170 7|2& 1#ste] AAE uj7fssr}t
T rEE st *dzéﬂ 7R ol Al
frEe 3e & Ueills 2= wdEr of

ZIA717] $Igt =gl HSPF 23
o] 8dt AL ARgALO] B o] EFo
e} UH7Htﬂ* HAof| BQagt ¥ JT% AAstaL oo gt 71

& Sgiehe 2] 2 golo] o)t ek A7 Aus
22 4 e A0Z PO, ey B 2] Sl o)

HSPF B3] 2§ A B A= w2 A5ARS}; HSPEXPE

olg3tch Y SERYA G| thit oSS Wl Bt e
ARE 4 5 oS Alow AmE
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