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Runoff Simulation by Multi Layers Mesh Model
and its Sensitivity Analysis

By Shuichi IxeBucHl and Kazuyuki Kuso

Synopsis

This paper describes the “Multi Layers Mesh Model” representative of distributed
runoff system model. The horizontal space of watershed is divided by mesh or grid
size and the vertical zone under the ground surface consists of A,B,C and D layers
characterizing the soil structure of forest.

After the estimation of many parameters necessary for model making, this model
was applied to Hinachi experimental watershed of 4.07 ha in area size and showed a
good agreement with the observed data. Moreover this model was used in order to
estimate the effect of deforestation on runoff regime.

Key words: multi layers mesh model, evapotranspiration, deforestation, sensitivity
analysis
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Fig. 1. Conceptual block diagram of Multi Layers Mesh Model.
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Fig. 2. Flowchart for estimation of actual evapotranspiration.
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Fig. 3. Outline of Hinachi experimental watershed.
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Fig. 5. Relationship between depth of A and B layers and its slope angle.
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Fig. 8. Fluctuation of soil moisture in A, B. C and D layers.
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Fig. 9. Location of deforested meshes.

ThEhoy —2icxtd 2EROKTRS L UREHEE Table 1187, &5 5 bR KR
XD HERLTEBD, ZOWMADESIZCASE 205MKEL, &5, IORHED > LHRERE
BH CASE 1 T491.0m? S Dicxi L T CASE 2 T3 7253 mE R D KEBEERLTEY, IO L
5 SUKBHIEREIC B 1T 5 A BOEEMS S hHZ 5,

Fig.10, Fig. 11 32T hDr —R BV THOLN/INL Fo S5 7%RLASDTH S, CASE 1
TRIDKFEHREBEORABUKEHBIC T VARSI ONT, 2 - TEFKKICE T 2HEEOMNLSA &



W KR BBA v ¥ a TFNVIC K BHHREER & MY 161

Table 1. Deforestation effect in Hoh, CASE 2 TREVKROMMB GRS 245 Pl
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KEDEHIBEEBERITTHERRLTB I,

ABOBKBHICH L TEDL > NEMDHESI 30 THEH, TITRVEEFTORBTHRE
52— 4 & LTELNIKEEKFRE, SESKEEEEELE LIIEERARIC LD, &4 v vad
FKEMERBM TR, &k, COLEOEHREEVS>LAEL, ThZhoEEFREICHd 55
KEHERA v V2 KT E 0@V 5L, E40BRSICBT 2RHBROBRERC>VLTREL 7,
Table 2 i—Fl& L TEBHHEK 05 L 01 DEAE2L DB FbDTH S, EFHHPKRE VI EFRKHE
PRSP > TWVWE, FORERMBETRRS ENEFENBIRLLES 9 ¥V a LB 2FKBEEETEE
CRTWE, BFOL DDAy ¥ a2 THESEKRBOKEEKFEE & 201 EBl-> T3 2 EHH
Faht, COTER, BEABICH > THROUTEIABI I Licry va%dB3E, ZOBETEST
RBFAVTVEPDIICTEDA v YallHBOUEETLEIE VS ILETHSLD, THLIBERIEB
BLUTHHBIERLTVS ERA » V2l BV TELIREINPTLB-TWEEEL LN B,

FRKBHDSZTEEANICEL IV FARBATVWAZ LR EEHREDE LR L TORWI L HETH
38, ERBEREO/NEONGHEE G-I ERHELHATHY, SKIIZTOEZLF ICERERE V-2
Rt A E - B A EREEEE L,

5. #& 8

LT, AWEOREEZID £ E0HFEFES Ly,

(1) BEA Y Y2 =FVRKEBOBHAESRITTCEREATEZ26OTH Y, T - FREHERPE
TGS, v FHy b S0 ) E- vy IEHLLE, ERSEE LT 922 0E A
HNTEBEFNE LTHRTE 5, SEXRKE L L TRALREMACGRRIIL, £EA Yy Va2 EFN
OBAFESE LT REBNRBEREO/NS VWD TH - 14, BREWAKBROBRIIZ(LEEHRHRE S
BT 2 L BFRHRABELINTEY, TEFVOBKIAL 22D LTWITE, HEAHMEEEZRDLT
k1205 4 — 5 DIEBRATH -2 & LT, BEOEH - AEHISBSATVBEEZHVNEHED
HEIGEVWEERASTE 20[EHERT D TH 5,

(2) HBARCBVTERETABTEONIZLRKELT, ZORRICEBIF2HROE(LEHNL LI
L0, BHROLOBEEICH T 2EME AT - 1245 R, BUKBFIEREE & KFUREREEE & L S HD oK
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Table 2. Sensitivity analysis due to the spatial distribution of coefficient of permeability
in A layer (8) coefficient of varidation=0.5 {b) coefficient of varidation=0.1

Cv=0.5 AHMIN AHMAX AVMIN AVMAX Q E QA SR

CASE 1 0.0205 0.2153 0.0329 0.4046 39551 542.86 176.97 117.04
CASE 2 0.0260 0.2928 0.0438 0.2728  409.98  542.04 98.81  208.93
CASE 3 0.0287 0.2401  0.0311 0.3045 412.83 541.70  165.75  144.95
CASE 4 0.0332 0.2808 0.0355 0.4451 411.09 541.94 136.21 172.46
CASE 5 0.0382 0.2392 0.0316 0.3334 41041 543.05 166.99 145.24
CASE 6 0.0280 0.2657 0.0252 0.2891 391.45 543,17 133.28 159.67
CASE 7 0.0268 0.3014 0.0343 0.5357 397.11 54255 158.64 138.43
CASE 8 0.0372 0.2751  0.0453 0.4443 396.95 543.89 137.53  159.91
CASE 9 0.0193 0.3604 0.0514 0.2623 404.66 542.68 124.38 179.00
CASE 10 0.0304 0.2574 0.0204 0.3817 386.47 543.61 175.55 117.22
(a)
Cv=0.1 AHMIN AHMAX AVMIN AVMAX Q E QA SR
CASE 1 0.0729 0.1198 0.0930 0.1580 484.91 565,92 191.81 171.90
CASE 2 0.0766 0.1278 0.0988 0.1454 487.46 555.81 165.98  200.33
CASE 3 0.0783 0.1226 0.0919 0.1488 488.70  555.86 196.41 170.85
CASE 4 0.0836 0.1267 0.0945 0.1492 489.65 555.84 176.72 191.74
CASE 5 0.0783 0.1225 0.0923 0.1517 486.74 555.81 183.09  183.30
CASE 6 0.0779 0.1252 0.0880 0.1597 483.78 556.19 174.71  188.34
CASE 7 0.0771 0.1277 0.0904 0.1677 484.97 556.05 181.79  182.47
CASE 8 0.0827 0.1206 0.0988 0.1612 484.27 556.13 176.20  187.52
CASE 9 0.0771  0.1212 0.1019 0.1442 488.77 556.13 137.28 194.54
CASE 10 0.0792 0.1243  0.0841 0.1561  483.36 556.30  189.40 174.50
(b)
CV : coefficient AHMIN : min. value of horizontal permeability coefficient

of varidation AHMAX : max. value of horizontal permeability coefficient
AVMIN : min. value of vertical permeability coefficient
AVMAX : max. value of vertical permeability coefficient
Q: total runoff volume
E: total evapotranspiration
QA : runoff volume from A layer
SR : overland runoff volume
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