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An Analytical Solution of Richards' Equation for Unsaturated Flow
above Ground Water in Mountains
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Recent studies revealed that groundwater flow in weathered bedrock contributes to river runoff in mountainous

areas. Therefore, distributed runoff models which can consider groundwater flow have been developed, but

infiltration in unsaturated zone of bedrock is not modeled sufficiently. Previous studies showed that Richards’

equation may be used to describe water movement in bedrock for some geologic setting at the macroscale. However,

it is still difficult to directly apply numerical solutions of Richards’ equation for distributed runoff models because

of computational cost due to its strong nonlinearity. In this study, we derive an analytical solution of a linearized

Richards’ equation for vertical infiltration in bedrock. We develop a one-dimensional model to connect surface soil

and bedrock layer. The simulation results showed reasonable behaviors with the assumed physical processes and the

applicability of this analytical solution. (135 words).

1. WO

i & OB 2 FRT5 5 2T, ZhE
TOWHET MTEE BICsAd 287 %
FHERRHRE TH D EBEZXTET IV V7 &2ITo
T&E L LEEOE AL TIL, —H o R LA %
BT DRI T, HENIZHRAMNRE LI
(R H Tk 23 L7~ & W% &0 9
Za ANRFEIZERLS B> T\ Z L L)
2725 TW5E V.2 Exz Tt TRE~DORB LD
ILRH TR DFENZ 7 1t R & U THSAATSY
FBIHET VLR I TWD 2. L L, B%
SN BE T OE T VT ES O A AFEIZ I 8
EIREZHB L TE 5T, L0 FEMRmHEEED
KB, ZOET YV VIR ARARTH D.

FE AT ORBHGICHOWTUL, UV F v —
AROBHAREMEN I TS 9. ) Fr—X
AT TEANOKRSBENZ iR T 5 Th 5 723, van
Genuchten €7 /L Y5 % 7z — iR 72 50 G+ A
TR, TR IERRTENE DS & /1 7> U VR 22 [543 iR AE
Bk ST AL DB L BT DT
FATITHEANEE LN & W) ER S 5.

KIFZEIE, U F v — AR 2 WAL L HE R A fn
o~ & TRE R R A BT 5. £, G b
TofRAT AR 2 PN C, 228 3 & Hs S E A L 72 8h
B—RTETVEHEEL, TEERICBIT D ftH
EEtE LT

2. fEATREOE

T oKRGBE ZRET 5 Y F v — XA, KR
T, RE %z, KEEKEZ g, FEafZEKREE
K, JEJK#EZ y &30 L RATEREND.

a0 _oK(ow . "
ot Oz \ oz

VT v — A%, KOWEHSREL D 3 —E LW )R
TE &M B ARER Ik, DNA BRI EE S I L &
WIHRED 2% AW TRIBALT 5.

D=K ¥ = constant 2)
00

K=k, -k =k,-S (k.=S) A3)
2 CHMETE S XA E KR, LR
BREGEKE) HNTRO LI IZEREIND.
0-0,
S:ﬁ 4)
ML L2 ) F v —XARE RO X5 A -
FAMERE S LOiE< .

oS 0’S oS k,
E—Daz—z—ag ((Z—Hs_er) (5)
B.C. S(z=0,)=a (6)
S(z=L,\)=b (7)
IC. S(z,t=0)= f(2) (8)

72721, a,b 1 IEEEE T )M 0Ky &5y
MTHDH.ZORITERGEEEEZR N TRO LD



(ZRDBND I

< e . nmw ”
S:Z I-e 2 -smTz +A1+A2'e/2
n=l1

)

2,2 —gePL —
42 —pl™ +a_’A1:b ae ,Azzab
L 4D 1-ePt 1-ePL

4

L
I, z%g(f(z)—Al—A2~eﬁz)~e 2 -sinn—andz (10)

3. SRE—RITET L ORE
AT IR DOBERGAMT—EAKR D EEER TH D,
BENIRESD 7 5 v 7 AR MBAd 5 L5, BT
DEIHEETD. AN —AINnSELN DI,
v:—D@S—QJ@§+h~S (11)
oz
BT, BRI O 2 E DAL/ hE W,
TROLHLA)ROE—HEN e TH D EIRET 5.
F 7, BERERI L TV R W R Y BE RO E TR
MRELED T T 7 A fLELL2DDT,

Tk (12)

D (12)RIBERBEEFEDO 7 7 v 7 AN E 2
bhic b &, TEEROAGMMMEST2RDHER
SHER—BIZEDLND LV REXNTHD.
FREOGE & S I fENTRR 2 O TR
REA AT T HE—RITET VA LTz,
Z 2 CHEHEMO OB RA TS EE T,
(23R8 L7 W IKIX RN I HEAK S UieE 70 813477
bt ok Lz,

4. FER LB

FlE L IR T Y R8T A —H B 52, 0)
HASRIE IR B B3 i, B DS REIRuIRAE > O
TAKEDFET D & LT Ref] & #fil < w7243
fiwMNCaEE T 7.

-1 FRHE SHEONZNE Fla&2E s L
R BEROWETH 5. FKE LTI RERB=
BICHHEN EH LE— 7 ICZ L RIET T 5.4
T ESR RN R E B S P SRk
NTRBET DM BRI E L2 1B 3R 2 (WA
KT L, &ELENDORFBARN L2 D LW
PR MK T3 5 58S Pinl X R 1 s & A

RO T 2P HARBEOE S D, L0 &1k
B/ E  BIERFH OB S RE V.

5. fam

AW TIE, AL L2 F v — XX 6 A
AEAFE A~ & rTRE A AT R 2 L, R e T
Bl AR L —IROLET VAR L E A
fTol. HEICL > THE LN EDOZEIX, K8
T EEEDFENERBTETCEY, PAIND
ME T o2 —HT LD ThHoT. 5%ITH
R OFERE G LI LI REEE D, AT
ZREREBEOSARFRMNET VEITEATEL LW
Bx#4T-> W<,

" %107
25 =R RELXETIH
3 2 B EE
0
g1 i HETH
w ! BY57 BWRE
1 05 Tt AT S
0 WA Y
-10 0 10 40 50 60

20 30
B [hour]
-1 20 14 P L E RO

BN

1) Kosugi, K., Fujimoto, M, Katsura, S, Kato, H., Sando, Y.
and Mizuyama, T. : A localized bedrock aquifer
distribution explains discharge from a headwater
catchment, = Water Resources Research 47, W07530,
2011.

2) M, MBI, BRI TR OB
B4 KRBT 20 MREWNR T T VOB, AT
£ CEE BIOKT52), Vol. 71, No.4, pp. 331-336, 2015.

3) Katsura, S., Kosugi, K., Yamamoto, N,. Mizuyama, T. :
Saturated and unsaturated hydraulic conductivities and
water retention characteristics of weathered granitic
bedrock, Soil Soc. Am. J., Vol.5, No.1, pp, 35-47, 2005.

4) van Genuchten, M.Th. : A closed-form equation for
predicting the hydraulic conductivity of unsaturated soils,
Soil Soc. Am. J, Vol.44, No.5, pp.892-898, 1980.

5) ERUPR, I, HE  HTOKE A2 AT L g
BT DY F v — AXOMHE, LARFSHCE
B1UK %), 2018 (FfH).



