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The responses of hydrological indicators to watershed characteristics
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Abstract: Watershed characteristics affect the stream flow of the watershed. Those effects vary in different temporal and
spatial scales. The long-term stream flow can be statistically described by magnitude, frequency, and duration; those
hydrological indicators are important metrics that can be used to reflect the effects on flow by watershed characteristics.
However, the responses of hydrological indicators to watershed characteristics are still a controversial topic throughout the
world. Our goal is to address the following questions based on data analyses of a large number of hydrological monitoring
sites and their corresponding watersheds: (1) what and how watershed characteristics affect stream flow? (2) Which
hydrological indicators have significant responses to watershed characteristics and what are the differences of their responses
among different physiographic provinces? We randomly selected 150 small watersheds ( <282km”) in three physiographic
provinces in Chesapeake Bay region (37 in Coastal Plain area, 56 in Piedmont area, and 57 in Highland area). Using
long-term daily stream flow data from the U. S. Geological Survey (USGS) , we calculated 34 hydrological indicators for all
watersheds. Seventeen hydrological indicators were selected using principle component analysis for further analyses. For all
watersheds, we used ArcGIS to develop proportions of agriculture, developed land, grassland, and forest from the Mid-
Atlantic RESAC 2000 land use map. We derived the values of impervious surface coefficients for all watersheds from the

Mid-Atlantic RESAC impervious surface map. The proportions of sand, rock depth, hydrologic group and permeability rate
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were collected from the STATSGO soil database of the United States. We then used stepwise regression to quantify the
effects of watershed land use, impervious surface, and soil physical properties on the selected 17 hydrological indicators in
three physiographic provinces of the Chesapeake Bay drainage area. Hydrological data during 2005—2009 was used to
validate our predictive regression model. We found that the most important factors affected stream flow were the proportions
of grassland, developed land, forest, and impervious surface and soil hydrologic group. Land use types had more strongly
influence on stream flow than soil physical properties. Flow volume and flow variability decreased where proportion of
grassland or forest increased, but increased where proportion of developed land or impervious surface increased. Flow was
lower at higher category of soil hydrologic group. Among the 17 hydrological indicators, we found that the number and
duration of the flow pulses with high frequency were the best indicators that were correlated to the watershed characteristics
at the whole Chesapeake watershed scale; the peak flow, and the number and duration of high flow pulses were the best
indicators that were correlated to the watershed characteristics in the Highland area; the number and duration of high flow
pulses were the best indicators that were correlated to the watershed characteristics in the Piedmont area; the number and
duration of high flow pulses, and the rate and frequency of flow variability were the best indicators that were correlated to
the watershed characteristics in the Coastal plain area. Watershed characteristics can be used to predict number of high flow

pulses in the whole Chesapeake Bay watershed, Piedmont and Coastal Plain regions.
Key Words: watershed characteristics; land use; impervious surface; soil physical properties; hydrological indicator
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Table 1 Summary of watershed characteristics

F R 257 Land use /%

R[X:ﬁ st 5 A i Hl i i Tk it
Forest Developed Agriculture Grassland Wetland Water Barren
CBay 50.33 19.49 10.00 17.15 1.97 0.36 0.69
CcP 36.95 32.54 15.09 7.60 6.23 0.22 1.38
PD 42.53 22.46 10.42 22.75 0.64 0.38 0.81
HL 67.41 8.00 5.99 17.54 0.48 0.44 0.13
ik AN B/ % 3 JE A Soil property
Region Tmpervious surface W1/% HEERIE/m KA BEF/ (mm/h)
coefficient Sand Rock depth Hydrologic Group Permeability rate
CBay 5.96 31.39 1.34 2.39 75.40
CcP 12.07 48.01 1.48 2.38 109.37
PD 6.16 27.28 1.41 2.23 47.06
HL 1.73 24.39 1.17 2.55 80.29

s IKCHAEH N 1 B 4 Fom HIER T B EE S IZWIFRC; CBay . VI L 781 i 38l Chesapeake Bay watershed ; CP: V1 JiL Coastal Plain; PD; J7
24 1 3 Piedmunt;HL:mE?ﬁﬁE%iﬂ Highland

1.4 KRR Rk d
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IHA (Indicators of Hydrologic Alteration) J& T I 2 4F i & S8 VHE M F, & 1 HE B K SCEs b
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Table 2 Summary of hydrologic indicators in different region

K CFE R TEAN A K I A 44 Mean values in different regions

Hydrologic indicators CBay CP PD HL

AR IS Mean annual flow (MAF*)/(m*s™'-km™2) 0.0108 0.0129 0.0113 0.0089
2 45 A ¥ EAE Mean flow for February (Feb® )/(m’ s ' km™) 0.0142 0.0181 0.0137 0.0122
3 45 A Y9 B Mean flow for March (Mar™ )/ (m> s~ km™?) 0.0179 0.0228 0.0144 0.0182
4 A0y A 4 5EAEEL Mean flow for April (Apr* )/ (m3s™'+km™2) 0.0156 0.0158 0.0149 0.0162
5 A4y A 43 B Mean flow for May (May * )/ (m®s™'-km™2) 0.0124 0.0130 0.0131 0.0113
7 A5 H 5 R Mean flow for July (Jul* )/ (m*s™'+km=2) 0.0084 0.0084 0.0126 0.0042
9 A4y A ¥ BB Mean flow for September (Sep )/ (m>s™'-km™) 0. 0067 0.0101 0.0083 0. 0029

A1 HEKREFEAIE Annual maxima, 1-day mean

0.226 0.256 0.227 0.206
(Mx1d*)/(m*s " km™2)
23 HRRH A1 Annual maxima, 3-day me
i fijw'“?*fﬂ /Jzﬁ]{H e e, Srday mean 0.128 0.133 0.120 0.133
(Mx3d™ )/(m’s™'km™)
AR 7 H BRI A Y Annual maxima, 7-de
o :(j((}m%*_%]ﬁ ilj{ﬁ nnual maxima ay mean 0.077 0.074 0.072 0.085
(Mx7d™ )/(m’s™+km™)
30 HF AP EEEAYI(E Annual maxima, 30-d S
$ ?ijw”? %ﬁ fzﬂj fE Annual maxima, 30-day mean 0.040 0.036 0.040 0.043
(Mx30d™ )/(m’s 'km™)
BFI 54845 4 7 H /N i i 2 “J 3 it Baseflow index: 7-d
; .%/JILTM‘/T.*F H /M & A 4 {E/4F 2 i B Baseflow index: 7-day 0.135 0.119 0.155 0.126
minimum flow/mean flow for year
NHiPl 4E s kb A%, &k MR Z H L1 75% 5360 L L
NHiF 4"][1%@ L, Ilﬂﬂ? “Eﬁ)(jﬂﬁ%l_ﬁmgﬂg s VAP :f] 17.10 21.80 19.24 11.96
Vit Number of high pulses within each water year
DHiPl 4E3 & bk sh i BF Mean duration of high pulses/d 3.06 2.55 2.27 4.16
RiseR * 4E3 Rk, AR H R BELEGES: ETHE R (E
Rise rate; Mean of all positive differences between consecutive daily values 0.00187 0.00226 0.00187 0.00162
/(m*s " km%d™)
FallR * R4 30K 2. A H i B RS S T E(E R 21E
Fall rate; Mean of all negative differences between consecutive daily values —-0.000931 —-0.000922 —-0.000876 -0.000991
/(m*s " km™2-d")
Revs 47K AR AL &L Number of hydrologic reversals 112.79 118.74 118.42 103.39

* RN PLAERR LT b i AR

1.5 Gidsl T AR K SCHR R 1 5% e 43
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2 HER55
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Table 7 Summery of stepwise regression results

KRR

PEBE Region Group of hydrologic indicators k K P
CBay SRR K SRR bR 0.22 0.05 0.02
AERRAEAK SCHR A 0.31 0.11 0.01
=l &S PNy 0.77 0.60 0.00
TR A 1 R S AR 0.54 0.32 0.00
HL ARG H YK e bR 0.50 0.25 0.00
ARAR B SCHR A 0.53 0.29 0.00
e Dk i e K 0.54 0.29 0.00
TR b B T S AR 0.34 0.11 0.01

PD AETFNH K SR bR - - -
AERR B SCHR AR 0.48 0.23 0.00
e JUK gt 3 B 0.69 0.51 0.00
TR A I R AR 0.50 0.28 0.02
cp AR H K S bR 0.59 0.37 0.01
SRR AB K SCHE AR 0.49 0.26 0.01
o Ik e A I g 0.85 0.72 0.00
DL A7 A TR A 5 A 0.83 0.69 0.00

IKICHEFRAL R (RP P AR IR UK SCHRBR 97 218

2.2 ZEREIE

TEAN[R) AR B DX 4P B AR 8 78 40 [ 5 R 0 AT 1 B BCR S ik

FEREAS DI T AR HTRR P X 3 K b AN B0 38 28 [ H P05 RO B, AR DG R BRI e RE 5k 3] T
0.87 F10.75, [FIHAFEUNTR ;5 =0. 18x,+0. 30x,+0. 0961, -0. 046x,+12. 32, 1% X 38k 55 AMFEHLZEEL T 2005—
2006 41 8 AWM il i AR IEAT 1 TN BIE , AHOC R BN SE BT3B 2] 10,98 F10. 95, T 25 2R L
*8,

*8 PIHHEEREMEK R BTRNER
Table 8 Predicting result for NHIPL in the Chesapeake Bay region

DIYS¥ e PR E T i S5 S FprE T {E
Station number Observed value Predicted value Station number Observed value Predicted value
1585090 33 38.21 1589500 24.5 25.19
1651000 29 29.65 1652500 36 39.04
1583580 20.5 14.98 1593500 26 27.49
1650500 25.5 24.24 2032640 14.5 12.56

T BT UL 437 B2 1 bt [X A 75 24005 RORAR A 1 [R5 07 %, RN 6 A 7 [0 05 5 2 T 0 e

PR PSR LU M Y TR X 8 kA B 7228 [T I 005 38R e, A G RECRIT e R 804 00l ik
F70.87 f10.75, FIH RN :y=0. 6745 +0. 27x,+0. 29x,-8. 19, 7EIZ X I 7 SR FEHLIEH T 2005—2006
A 5 AL 2 A B AT 1 I 0IE A DG R BCF Y E R B iR E] 1 0.98 F10. 96, T Z5 R WK 9,

FETIEF- I it BT 4 TR P % v ok v A 2500 32828 [ JH U5 380 R B i, A O R BN BR800 136 R
0.93 F10.86, [FUHAFEANT :y=0.28x,-0. 077x,+21. 09, 7% X387 AMBEHLIEEL T 2005—2006 4 5 A4~ Wil
i SEE HEA T T IR GG UE AR DG R ECRPRE R AT 0.96 F10.92, FRINEE R LK 10,
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Table 9 Prediction results for NHIPL in the Piedmont area Table 10 Prediction result for NHIPL in the Coastal Plain area
i RS FPrE o b RS MU e

Station number Observed value Predicted value Station number Observed value Predicted value
1583580 20.50 17.42 1487000 9.50 9.72
1586610 17.50 16.31 1585090 33.00 39.04
1593500 26.00 25.55 1589500 24.50 20.15
1650500 25.50 23.63 1651000 29.00 33.25
2032640 14.50 13.44 1652500 36.00 37.70

3 g
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