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Abstract

Abstract

Keywords : climate change, land-use planning, land-use pattern adjustment ,flood mitigation and

adaptation
Background and objectives

One of the phenomena of climate change in Taiwan is that the frequency of short time duration
and heavy rainfall has increased significantly, resulting in rapid flooding caused by flooding. Urban
development and construction, population relocation and change, accelerated land-use change and
increased demand for urban planning. Changes in land-use, such as changes in national spatial
planning, regional planning, and urban planning, will also change existing runoff phenomena and

cause flooding.

This study analyzes the impact of changing land-use planning on runoff, and discusses the flood
reduction effect of land-use pattern adjustment. The minimum effective rainfall of different land-use
pattern adjustments planning disaster mitigation and adjustment strategies are analyzed with the
minimum effective rainfall. Then, the Physiographic drainage-inundation model (the PHD model) is
used to calculate the surface runoff of the current situation and the minimum effective rainfall and the
maximum inundated depth of the flood mitigation target area, and then the flow resistance layout of
urban flood is planned, and the impact of climate change on the runoff phenomenon of land-use
planning can be further analyzed. Through the planning and adjustment of land-use pattern, flood

mitigation and adjustment can be applied to enhance the urban resilience to flood.
Method and approach

The calculation of effective rainfall has been considered and integrated into an urban inundation
model. The land-use of the study area is linked to the curve number of effective rainfall calculation.
After the initial abstractions is calculated by the curve number, the effective rainfall can be calculated.
The effective rainfall minimization analysis is carried out by calculating the effective rainfall of

current land-use patterns and the minimum effective rainfall of different land-use planning.

Then, the surface runoff and the maximum inundated depth of the flood mitigation target area
are calculated with the PHD model, and then the flow resistance layout of urban flood is planned, and
the impact of climate change on the runoff phenomenon of land use planning can be further analyzed.
Through the planning and adjustment of land-use patterns, flood mitigation and adjustment can be

carried out to improve the urban flood resilience.

Xl
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Main results

1.

The difference of water level calculated with or without curve number method shows that

the amount of loss and detention are minimum under 25-year return period rainfall event.

By the calculation result of a storm event on Aug, 12 in 2019, the curve number method
could reasonably consider the rainfall-runoff loss, such as infiltration, evaporation, and

detention.

After planning the flow resistance layout of an urban flood, the flood risk caused by rainfall
runoff less than 10-year return period event could be reduced, flood peak could be
decreased, and the arrival time of the flood could be extended.

This study has compared the mean areal effective rainfall between the calculated results of
three land-use pattern adjustments planning disaster mitigation and adjustment strategies.
The reduction percentage of the average effective rainfall of the strategy 1 is the largest,
because there is a large difference of CN value between before and after land-use pattern

adjustments in upstream agricultural areas.

5.  Applying the PHD model to calculate the rainfall-runoff of three land-use pattern
adjustments planning disaster mitigation and adjustment strategies. According to the results
of the maximum difference and the decreasing percentage of water depth and outflow in
the flood mitigation target area, the maximum water depths and outflows are decreasing
under land-use pattern adjustments planning disaster mitigation and adjustment strategies.
The simulation results show that the decreasing percentage of water depth of 25-year return
period rainfall event is larger than the other return period rainfall events (2yr, Syr and 10yr).
There is the best effect of the strategy 1, the water depth could decrease up to 4.78%, and
the outflow could decrease up to 7.31%. The results show that the flood in the flood
mitigation target area could be effectively mitigated under the event below the 25-year
return period event after land-use pattern adjustments in upstream agricultural areas. Since
the runoff of 25-year return period event is larger than other return period events, the

upstream could adjust much more flooding.

According to the maximum difference and the decreasing percentage of water depth and
outflow calculated by the different land-use pattern adjustments planning disaster
mitigation and adjustment strategies under rainfall events of the different return periods(2yr,
5yr, 10yr and 25yr) of climate change scenario (C0O) and the 50-year return period storm

surge event in target flood mitigation area, the maximum water depth, and outflow under

XIv



Abstract

land-use pattern adjustments planning disaster mitigation and adjustment strategies is less
than current land-use status. The simulation results show that the decreasing percentage of
water depth of 5-year return period rainfall event is larger than the other return period events
(2yr, 5yr and 10yr). There is the best effect of flood mitigation by adjusting the land use in
the upstream agricultural area (the strategy 1), the water depth could decrease up to 5.77%,
and the outflow could decrease up to 8.11%. Those results show that the flood still could
be adapted under the event below 5-year return period after adjusting the land use of
upstream agricultural land use in the flood mitigation target area under climate change

scenario (CO0).
Major suggestions
This study proposes two long-term strategies as follows:

For Bureau of Urban Development of municipalities and county government ( long-term strategy )

A preliminary study on flood mitigation and adaptation strategies for land-use planning in
response to climate change has been completed. It is suggested that flood mitigation and adaptation
strategies for land-use planning of the urban planning division can be applied in the field. The
adjustment of land-use in the upstream of the flood mitigation target area is more effective. to the

improvement of flood mitigation

For Architecture and Building Research Institute, Ministry of the Interior, ROC ( long-term strategy )

Land development reduces the infiltration, increases the runoff, and changes the flow path, thus
increasing the risk of flood disaster. Even if the current flood mitigation facilities are planned, the
hydrological environment may change due to climate change in the future. In the existing urban and
rural development areas, the planning of flood mitigation space can enhance the disaster resilience of

future urban-rural development areas.
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A oK 4500 1926.0 415 5 8.3*5 3.00 0.50 5.40 AR < 170935.19|2549253.04
A B R Fd R 1800 1926.0 25.5 3 8.5*3 4.50 1.00 5.00 AR P 170986.90|2549341.36
Ferg F 4K b 1000 192.0 4.0 2 2.0*%2 3.10 0.80 3.00 R R 171969.33|2551030.59
e 4 U . 1100 565.0 10.0 4 2.5%4 4.50 4.20 6.50 % F PR 172243.47|2558426.87
= 1350 4.0*2 < ae
1 > 700 164.0 12.0 6 1.0%4 5.00 0.90 2.50 1 73+ 2 g 166275.62|2546243.92
P I .2 1850 86.0 32.0 4 8.0*%4 4.80 0.50 2.70 WiF F AR 167908.09|2546711.11
Tt ok T L 500 1.0 0.5 1 0.5*%1 6.00 0.75 2.90 T-A s~ <k 2 166139.45]2545724.18
v Bk 1350 80.0 16.0 4 4.0*4 5.00| -0.40 1.20 T EFAR 166489.47|2545988.02
500 2.6*2
& T oKk 41.0 15.2 8 3.0*%2 0.00| -2.43 -0.23 X T £ 164009.35|2544318.69
1000 1.0%4
Vool I 1200 34.0 8.0 4 2.0*4 3.52| -0.88 1.22 R A A T 165206.52|2540258.65
R A 1500 153.4 25.0 5 5.0*%5 3.95| -1.50 1.80 I A~ #ATFA |165930.16|2539457.24
AR R b 1650 65.0 19.8 3 6.6*3 5.20| -1.50 1.70 A AL Fe 166082.57|2535513.92
g A 1200 5.0 7.0 2 3.5*%2 400, -0.10 3.00 A P 163885.55|2549546.57
X B okt 1100 4.0 5.0 2 2.5*2 3.50| -0.30 2.10 At BEoK 164784.28|2548987.71
e U A 1100 4.0 6.0 4 (2)2:5 3.50| -0.30 210 |3 B FA4L% T -kig |165030.19(2548975.24
S G I A 1100 4.0 7.0 3 gg:i 4.00 -0.30 2.10 ~ i'—’.F $ALE T oK i [165229.49|2549782.55
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Bod KT

£2:8 FE RPN kPR

okt | R G | Bk R , - N B TWD97 | TWD97
ok P (;m) F(Eha) i (émé)’ Wt | 3ok E xie *fl\j)i BACK | B ok Rk Wi | Ymi
R Rk 900 6.0 3.0 2 15%2 [350| -030 | 210 |# % iL® ki |166104.66|2548670.18
L 1200 376 12.0 2 30 |352| 050 | 150 | A 2w T -kKif |159975.25)2548639.26
L g 1350 | 1000 | 10.0 3 g:g:i 3.00| 550 7.40 L gARS | 173613.67|2545916.88
g ok 1800 | 3000 | 210 3 7073 [6.00] 2.00 7.30 ~#Biz# | 173194.63|2544158.21
3Rkt 1350 | 287.0 | 210 6 3.0" 1,00 240 6.30 ARBR ) 29053.26| 2542575.32
4.5%2 T Rk

B Ak 500 | 289.4 0.0 5 0'58:2;;‘:’ 49|650| 050 400 | prEms  |171036.86|2535420.74
P 1500 741 9.0 2 45%2  |450| 1.20 2.00 W B2t |171746.93|2537831.21
=K ke 1200 78.0 9.0 3 303 |4.00| 085 4.50 “ & FE-K |169872.14|2536312.82
ST 1800 | 5460 | 480 6 8.0%6 |2.70| 1.70 4.80 BEELM  |171150.97|2535663.77
IETET 1000 0.0 6.0 3 2073 |6.90]| 2.30 6.00 T % fad  |173110.13|2541666.94
P T 1200 | 1200 | 120 2 304 |4.90| 1.80 4.40 AP Frfe2 | 175812.15]2553093.05
1R K 1200 80.0 18 2 2472 |658| 030 7.80 BEE-K  |177200.24|2556198 11
Z 2poka 1200 80.0 18 2 242 |658| 030 7.80 = 2pok |177400.87|2555322.26
gL 1000 60.0 3.0 3 1.0%3 360 050 3.00 WE3  |173583.46)2554067.72
FRERETT 1000 | 400 6.0 3 2073 |4.30] 150 2.70 M EAi  |174169.78|2552503.26
0 d 500 66.0 1.0 2 052 [3.00] 0.60 500 | 3% @2 -k |176459.55|2553477.45
S 3l 500 1.0 1.0 2 052 |2.00| 4.00 7.50 ¥ foE h1% | 176828.23|2553442.42
S hl- 500 2.0 1.0 2 052 |2.00| 4.00 7.50 ¥ o€ 417 | 176992.37|2553485.92

(FH LR £ &7 SRR ET )

27



FI F ik B2 i G E p’?i ﬁ\““’t) 'I"wk—g;:

O HhKDE
o BEITHHKIE

ERE A i 4 e
EEHE RN T A Y 2 -:—:—Kilometers
[ ==#E 5 Ry e m&@lﬁb@gﬁmﬁz@,mw e 46 3 i

B 2-18 @;%ﬁmﬁk¢a#@

(FHRKR: AT RERE)

-

EAT AR 2-19 H3-H P & A6 5 AR 110 #

NS L EE S AR ]

ﬂ‘?%ifﬂ?ﬁ‘& pded ERE G TERESFE T ERCEER)FIFE TR

Bdas R LRt a2 Tde REoMPFLRIE, F4BEIFER =

IR IEE IR IV S A S

BREIE R oFHWLE TRAPEEIRUTLEGE  RLHE RGBS 2 Blo) o~ g H

E4

F

RH2hF 2 4 @ o R ACE 2-20 HFoT o

28



[ &=

L {CEEhE EE
L REABRERRXREMIIREE
L EEHELREREER YN\

L CEER)ESmEtER

CR(XBENE) B EE

[ I m Kilometers
0

1 2 3 4 5

M2-19 F5 R4 35554 M

ks
Iy
el

Y EESEEY ¥ 39

29



Fllsf iz %82 2 R RLIFEAE AR =ty

| aEE I At

N
I REE L B
I pEE RS T/ . . :‘
B = [ ANE = T
S /

N mEsgsmt [l SEs£ERE
I AEA B seREERE
T 2psEzmr [ SERBERE
 HEtERsE T &t

B maiEERE | TKE

B 5xE L ExE

I et .| ERAt

L =zxEpRE D e EERE

B e || sEEEA
B iRt [ mEssmAit

B =5

B =) E QB

Kilometers
0 0.5 1 1.5 2 25

Bl 2-20 F?}f‘&iﬁ“?ﬂﬁ DA I E AT E

(FA%H - AE ] TR



>
>

R TR A

Iy
i

¥ & éﬁbﬁ
% ~ SCS ¥ 4 5.7 /% (Soil Conservation Service Curve Number Method)

e —ZoR T T A TSI 1674 £ 0 E B ?i Perreault 4 * ;2 ¥ % % p @ 0§

(

Pla Bk P g B enzifin £Q, » @4 Q, =P, /6 e 3 (Linsley, 1982) » 1 ILi% -k < £ h
PSR F o ERM AR Y g AR RIS o d B AR A BEE 380
L7

RAR TR £ % 5 4o & 78 {4 2 3% (Rational formula) ? 7375 % #(Coefficient of runoff)

|l
3\
._t
¢
)
s%

EF AL A AT AR S
Q=P-L )

HY QgL g PR g LIk a‘r"f ¥ (Hydrologic abstractions) » &4 7 3

AR AE B erBE 0 ZOORENBA KR a‘r",f E TR 2 MR A E R
S 4 (SCS-CN method)ie 7 4 »c% & £ o~ B A £ 2 355 » o MEME 5 2R AT RE
% (National Resources Conservation Servic, NRCS) s £ 1 3%t %3+ £ (Soil Conservation
Service)*t 1954 & #7R 4 > & ¥ et 2 IR aR 73 £+ P % 4 $%(National Engineering
Handbook Sectiond, NEH-4)2_ ¥ > d »td R 524 g7 & 7 2 HFA ~ 2 1% v L g2

(2

Efpa R A EE SRS e b A E T 5 B R gl TR L

% ¢ * (Mishra and Singh, 2003) -

RPN R F5 BT & REBERFAFTT > bldofp B 2 (1985)F]* o MEFE 2 > {94536
ST 22 B ERH P FH 07 ok S B AILT 2 @ o BHT 45 % £ (2008) ] *
BACE BRI TR TR 2GR Gl d W MBS G 2 Bl R PR R
PR TR v SO RN PR g R ARG TR SRR HEERLL 2

(S MG RIZINE L I8 SBGER AR o

-~

VA A RN Z ER

SCS o REA 2 Ha > kT H> BN 23 BRAAMBRAHZ > 5 - BEXLE Z
E $&3iEZ7x £ (Direct surface runoff) ¥4z /% "% & (Rainfall excess) P, £2 %% "% & & (Total rainfall) P 2_

woiE e 0% % £ (Actual infiltration) WL R AL R R F T EDEHE LR A FT £
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) T O E Tk
(Potential maximum retention) S'z_ '+ & 4p % o 5 = B Bk B E A e Ui £ (Initial abstraction) |,
BELEBCFTES M -
%7%&#$#%§%’Wﬂﬁﬁﬁﬁﬁé?%ﬁéﬁhii’wwy
P=D+P, @)

D P
= 3
S 1 P ( )

Q)R Q) T

2
P =t @
(P+S
%%@vﬂk%ia Rl SCS W ME 27 &7 5 ¢
P=1,+D+P, (5)
D P
Z__ 6
S P-I, ©)
He S=S41, > FHE(5):;N &~ »(6)5% » pl# & :
0 forP<I,
P = —1.)? 7
=) Pol)” for P> 1, (7
(P-1,)+S
R A AR BT 0 S AR AL BN

'~vw#%§

w
5‘}‘%3

R R, 8 5 A BT AR R Y B At o U SRR

i’\ﬂ\fﬁ?&’ E

| =4S ©)

HY A2 t@:iﬁﬂ']‘if“f'lq*.'"lﬁ :f‘ FEEEEFEA T H E%ﬁl?]'t A3 031 032
i

P iRk ok o B
(USDA, 1986) » 1 ) 55 B 458 1, =0.2S » Fp ()7 g 5 ¢

¥ (Mishra and Singh, 2003; Mimikou et al., 2016) > @ % & -k }
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Yo% AEFHE ?;fu,\#fr

0 for P <0.2S

_ _ 2 9
(P-025,,)" for P >0.2S ©)
P+0.8S,,

SEEFA U R ey Aang BB E J'rs—r; CARR A ETH A 0 R TR B K G FY SE2 H 4
ERH (9N AR E A B E ALK E 0 195 Hawkins(2002) % 4 987 5 om0 A dedeis B
I —00581£?<~*Kﬂ AR R R B KR T P CEARRELEKTREA BLSY
R 2 el TRt 5

0 for P <0.05S

_ 2 10
(P —0.055,) for P > 0.05S (10)
P +0.95S, .

bt iE Y

-
|l

ERNy-2

b A FTE ST B4 A3 (Soil type) ~ 2 ¥ 1 * 4] 5% (Land use) ~ ok ¥ i &
(Hydrologic condition) ! 2 g -k & i% i# (Antecedent moisture condition, AMC) % z_d) CN & &

a5 @8> SYeCN 2 B f2deT

1000-10CN 3 #)(inch)
S CN (11)
25400 —254CN * #1(mm)
CN

7~ 4#?#\‘%“‘2:‘

FRA RTRET H(NRCS)FY 2 ende ) » i 52 k4 BE A2 A 5 AB-

CDe# HP AL A% 2REDEET 25 RE » % 4 24 8 64oF) 2 (Sand)~

~=ie

# F#) 4 (Loamy sand){r#) 3 1 (Sand loam) % > # » % 5 & | p& 0.30 3 4 12 + (7.62mm/hr )

Bagd 3 i R 2REMIERTH X304 P B2 33 bldoe 13 2 (Silt loam)fr3g 2 (Loam)
%0 H o RS A E L pE0.15-0.30 Fed 2 B(3.81-7.62MM/Nr ) - C 72 3 L &% >R s
BT MR A 2 23 B o) FARE 4 (Sandy clay loam) & 5 H O~ % 5 A 3t & ) pF 0.05-
0.15 #ed2 BF(1.27-3.81mm/hr) D #F 4 3 5 o 2 RBAEE T > B 4 Bz 43 5
4t B3 4 (Clay loan) ~ & F3E3E 4 (Silty clay loam) ~ #) B3k 2 (Sandy clay) ~ ¥ 54 2 (Silty
clay)fedb 2 (Clay)% » 2 » % 2% 432 % | pF 0-0.05 34 2 (0-1.27mm/hr J(USDA, 1986) » 4=
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I F R E g LR E A G R EaER A

oy

#2:9 FRp AT REER 2RSS N

3

R

R 2 N R 4k * % % (in/hr)
#j * (Sand)
A # ¥ #) 4 (Loamy sand) >0.3
F) B3 2 (Sand loam)
5 £ T3 2 (Silt loam)
¥ 1 (Loam)

C F) F AR 2 (Sandy clay
loam)
A% 2 (Clay loan)
B B ARE 2 (Silty clay

A

0.15-0.30

0.05-0.15

loam)
7) F 4k 4 (Sandy clay) 0-0.05
& B AR 4 (Silty clay)
%3 (Clay)
(F# %R : Urban Hydrology for Small Watersheds, USDA, 1986)

T A i i

i aiE(AMO) A 4n 2 4 6 BRI %a T EF4 02 fehtrfoR > ok 3
Biar2afoh i PI2INERB2INPIF AN A LG 2B L  F 2 F LRI
WAk AL 0 BI2INEA KT R DA O ERER AR R > T TR kA 2
ROAT R EARE R E A B TER R A EET A L Z BEEY 0 A B 5 AMCI~ AMCII~ AMC
IMI> He AMCI %77 4 3 5 55 oy i > AMC 1L 4 57 2 42374 fok i > @ AMC 11 B

I

mAEL A S AL Bl B R o 1995 2 IR R A2+ (NEH-4) > fgm K &

FEEH T EATEFLH S5 P A A REL 2GR dek 2-10 4T
£2-10 2 HTEA KA 1E
fit ok A i fe5p ' & & (mm)
" KA % & (Dormant season) 4 £ % & (Growing season)
AMC | <13 <36
AMC II 13-28 36-53
AMC Il >28 >53

(F#2 % & : Soil Conservation Service Curve Number (SCS-CN) Methodology, Mishra and Singh,
2003)
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431 TR kA i 2 CNEHE &

AMC 11 AMC I AMC III AMC II AMC I AMC III
100 100 100 61 41 78
99 97 100 60 40 78
98 94 99 59 39 71
97 91 99 58 38 76
96 89 99 57 37 75
95 87 98 56 36 75
94 85 98 55 35 74
93 83 98 54 34 73
92 81 97 53 33 72
91 80 97 52 32 71
90 78 96 51 31 70
89 76 96 50 31 70
88 75 95 49 30 69
87 73 95 48 29 68
86 72 94 47 28 67
85 70 94 46 27 66
84 68 93 45 26 65
83 67 93 44 25 64
82 66 92 43 25 63
81 64 92 42 24 62
80 63 91 41 23 61
79 62 91 40 22 60
78 60 90 39 21 59
77 59 89 38 21 58
76 58 89 37 20 57
75 57 88 36 19 56
74 55 88 35 18 55
73 54 87 34 18 54
72 53 86 33 17 53
71 52 86 32 16 52
70 51 85 31 16 51
69 50 84 30 15 50
68 48 84 25 12 43
67 47 83 20 9 37
66 46 82 15 6 30
65 45 82 10 4 22
64 44 81 5 2 13
63 43 80 0 0 0
62 42 79

(34 % & : Soil Conservation Service Curve Number (SCS-CN) Methodology, Mishra and Singh,
2003)
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432 £ HONE %4 %

Curve numbers for
hydrologic soil group

Cover description

Average percent
Cover type and hydrologic condition impervious area A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.):

Poor condition (grass cover < 50%).......cccccvrrvrrvrnnnnnn. 68 79 86 89
Fair condition (grass cover 50% to 75%)......c.ccveuvenee. 49 69 79 84
Good condition (grass cover > 75%).....ccccccvevreervennnnn. 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding right-0f-way)........ccoecvvvrreirirresreenie e 98 98 98 98
Streets and roads:
Paved; curbs and storm sewers (excluding right-of-

WAY ). svevireerenterentesentesesteenseasssesestesestesese esensesenseseneans 98 98 98 98

Paved; open ditches (including right-of-way).......... 83 89 92 93

Gravel (including right-of-way).........ccccocereeirenenne. 76 85 89 91

Dirt (including right-of-way).........ccccooenniiiininienens 72 82 87 89
Western desert urban areas:

Natural desert landscaping (pervious areas only).......... 63 77 85 88

Artificial desert landscaping (impervious weed barrier,
desert shrub with 1- to 2-inch sand or gravel mulch

and basin borders)...........ooooiiiiiiiiii 96 96 96 96
Urban districts:
Commercial and buSIness...........ccceeveevveeceeeeeeeceeeeenienn, 85 89 92 94 95
Industrial........cccoooviieeeeiiieee e 72 81 88 91 93
Residential districts by average lot size:
1/8 acre or less (town houses)........cccevvveveerrieveenreeeeennen. 65 77 85 90 92
T/ ACTE ..o 38 61 75 83 87
1/3 ACTE e et 30 57 72 81 86
T/2 ACT it 25 54 70 80 85
T ACT et 20 51 68 79 84
2 ACTES. .. et e ettt e e et e e e et e et e e e ete e e e e e 12 46 65 77 82

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation)........................ 77 86 91 94

(F 4L &k : Soil Conservation Service Curve Number (SCS-CN) Methodology, Mishra and Singh,
2003)
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Curve numbers for
hydrologic soil group

Cover description

Hydrologic
Cover type Treatment! Condition? A B C D
Fallow Bare soil — 77 86 91 94
Crop residue (CR) Poor 76 85 90 93
Good 74 83 88 90
Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89
SR+ CR Poor 71 80 87 90
Good 64 75 82 85
Contoured (C) Poor 70 79 84 88
Good 65 75 82 86
C+CR Poor 69 78 83 87
Good 64 74 81 85
Contoured & terraced (C&T) Poor 66 74 80 82
Good 62 71 78 81
C&T+CR Poor 65 73 79 81
Good 61 70 77 80
Small grain SR Poor 65 76 84 88
Good 63 75 83 87
SR+ CR Poor 64 75 83 86
Good 60 72 80 84
C Poor 63 74 82 85
Good 61 73 81 84
C+CR Poor 62 73 81 84
Good 60 72 80 83
C&T Poor 61 72 79 82
Good 59 70 78 81
C&T+CR Poor 60 71 78 81
Good 58 69 77 80
Close-seeded SR Poor 66 77 85 89
or broadcast Good 58 72 81 85
legumesor C Poor 64 75 83 85
rotation Good 55 69 78 83
meadow C&T Poor 63 73 80 83
Good 51 67 76 80

[EEN

. Crop residue cover applies only if residue is on at least 5% of the surface throughout the year

2. Hydraulic condition is based on combination factors that affect infiltration and runoff, including (a) density and canopy
of vegetative areas, (b) amount of year-round cover, (c) amount of grass or close-seeded legumes, (d) percent of residue
cover on the land surface (good > 20%), and (e) degree of surface roughness.

Poor: Factors impair infiltration and tend to increase runoff.

Good: Factors encourage average and better than average infiltration and tend to decrease runoff.

(F 4L &k : Soil Conservation Service Curve Number (SCS-CN) Methodology, Mishra and Singh,
2003)
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Curve numbers for
hydrologic soil group

Cover description

Hydrologic

Cover type condition A B C D
Pasture, grassland, or range—continuous forage for Poor 68 79 86 89
grazing.! Fair 49 69 79 84
Good 39 61 74 80
Meadow—continuous grass, protected from grazing — 30 58 71 78

and generally mowed for hay.
Brush—»brush-weed-grass mixture with brush the major Poor 48 67 77 83
element.? Fair 35 56 70 77
Good 303 48 65 73
Woods—qgrass combination (orchard or tree farm).* Poor 57 73 82 86
Fair 43 65 76 82
Good 32 58 72 79
Woods.® Poor 45 66 77 83
Fair 36 60 73 79
Good 303 55 70 77
Farmsteads—»buildings, lanes, driveways, and — 59 74 82 86

surrounding lots.

1. Poor: <50%) ground cover or heavily grazed with no mulch.
Fair: 50 to 75% ground cover and not heavily grazed.
Good: > 75% ground cover and lightly or only occasionally grazed.
2. Poor: <50% ground cover.
Fair: 50 to 75% ground cover.
Good: >75% ground cover.
3. Actual curve number is less than 30; use CN = 30 for runoff computations.
4. CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of
conditions may be computed from the CN’s for woods and pasture.
5. Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.
Fair: Woods are grazed but not burned, and some forest litter covers the soil.
Good: Woods are protected from grazing, and litter and brush adequately cover the soil.

(F 4L %k : Soil Conservation Service Curve Number (SCS-CN) Methodology, Mishra and Singh,
2003)
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Curve numbers for
hydrologic soil group

Cover description

Hydrologic
Cover type Condition? A2 B C D
Herbaceous—mixture of grass, weeds, and low-growing Poor 80 87 93
brush, with brush the minor element. Fair 71 81 89
Good 62 74 85
Oak-aspen—mountain brush mixture of oak brush, aspen, Poor 66 74 79
mountain mahogany, bitter brush, maple, and other Fair 48 57 63
brush. Good 30 41 48
Pinyon-juniper—pinyon, juniper, or both; Poor 75 85 89
grass understory. Fair 58 73 80
Good 41 61 71
Sagebrush with grass understory. Poor 67 80 85
Fair 51 63 70
Good 35 47 55
Desert shrub—major plants include saltbush, Poor 63 77 85 88
greasewood, creosotebush, blackbrush, bursage, Fair 55 72 81 86
palo verde, mesquite, and cactus. Good 49 68 79 84

1. Poor: <50%) ground cover or heavily grazed with no mulch.
Fair: 50 to 75% ground cover and not heavily grazed.
Good: > 75% ground cover and lightly or only occasionally grazed.
2. Curve numbers for group A have been developed only for desert shrub.

(F 4L &k : Soil Conservation Service Curve Number (SCS-CN) Methodology, Mishra and Singh,
2003)
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