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6- Instantaneous Unit Hydrograph
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4- Geomorphological Unit Hydrograph based on cascade of

linear Reservoirs

5- Geomorphological Unit Hydrograph of linear Reservoirs

with regards to Land Use



QB i — 315,5 oF oylad Fe ol (S g T apii YVA

Ot Ay G e Sladdlas jS0e adss 3 5 (VF) oSen
5 Sy D985 (2l (gile o sl yusite 9 BT 550 gl il
JSCi pralyl aS ol s Ll uls by plosl (Cumes yiuljl
501 Copror 4 Cand Grdidef & 5yl (Staly SIS 00
Olpl g Col canlio dlasly cpl pals lis caa Slg dayly O
o 5 (gl ped Dy 3BT )3 age Jole (6 pdilidss it
Oyl il 03gai ol (YA) 3815 oS jolailon 33,5 oo guns
(St g diwgy dlgie S (L) ) Sl (S5lgyn
" Pyt ()90 S yel Aej (il )3 35 5 adlllas g 03
2,5

ae ) ) M w2 e Bdas CUlgy -0k sla e
Ly (YA 5 F OYF) dimd o 15 adllas 350 islidgss grshaws il
39l 3 g5l ped sl g (Sl )l B ag Sl &
Sl 3 (i 55 i S3yn) laasyo s i Sy
A > Canloads 4B s )3 ) a Qllgy — ()L (egrde
oS i 51 (VY 5 0¥ & 0 0 ) o L) IUH sl Jae §
2ST epl gl el oniis ool B> Jio Jgop8 0 ddgs 0 o8))
I B 3 b adgs g 3y Sy e ol e
225 295 P LS g)0m (30055 4 B Lol i oo dloxe
oo ol 3 bl e o LB B3 |y adgs 51 sladgs
2 SUloy =)k (Seigdsdysesss Jho Koy asg (Sl (60
W )90 Jl USdie asg Sy )3 Juo bl g ol 4B S LS
S gl s & wglite Ml (LB sy (628 L
2365 50 )18 (oo 9 Wb 390 kil e ()b e > glie
wlrdse 3 ases 13 G818 0n ess adllas ol 5l CBaa
“SmlS Gl g 0398 CElpSy (Sl )8 bld a8 ail
il o bases 5 50 @alite MolS sl

axdlao 3,90 ddlaio

ile (2l Jidg b ade pj S Jols adlas 590 adlaie
b5 Sy g LS VY o) Colis & gl o5
Ao p) ey dn 48 e W 0,8 Colue 4 (JoSue
s e 53 o o) 43k o — 555 gm0l (5005 5 s
315 LS ol osmie VLI 53 gl bl (o gt 5o g
O o doy i |y > 1 93 CusBge N S Ll 0
V) 23 e

9 48,5 )38 pe WWee ()i gL 5 adlllas 390 didlaie

4- Mesquite grassland
5- Natural

6- Urban

7- SierraVista
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3- Geomorphological Unit Hydrograph based on cascade of
linear Reservoirs (GUHCR)
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2- US Geological Survey
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Figure 1- Study area map showing gauge locations and water shed boundaries
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Table 1- Selected events specifications

Sasgy oo Slugy b (MM) )k Ges  (MM) OUlyy o OUly, o 0o
Event No. Event date Rainfall depth Runoff depth Runoff coefficient

1 8.8.2008 296.09 67.81 0.23

2 14.8.2005 196.09 56.48 0.29

3 23.8.2005 74.02 10.48 0.14

4 25.8.2006 93.81 6.52 0.07

5 31.8.2008 192.87 273 0.01

6 19.7.2008 138.11 2157 0.16

7 23.7.2008 127.11 14.65 0.12

8 24.7.2005 101.14 3.61 0.04

9 21.6.2006 460.94 30.21 0.07

10 4.8.2007 49.16 4.99 0.10

11 7.8.2008 187.86 27.20 0.15

12 8.8.2006 54.23 6.23 0.12

13 14.8.2008 136.44 23.02 0.17
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Figure 2- A schematic of GUHCR model
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1- Geomorphological Unit Hydrograph of linear Reservoirs
with regards to Land Use (GUHRLU)
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Table 2- The geomor phologic parameters of investigated models

w5 Ci (mz) o (%) Li(m) S pUds Elcj;7 anlti“or;“é;io Sha e" E;c:or i Ki
Sub-Water shed | mper meability (%) g P
b 319700 243 83464 ~0 0.76 2.18 0.46  69.90
Natural
S 128310 155 54955 37 0.74 2.35 232 5658

Urban
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Table 3- The calibration results of investigated models

Je oyl Event No.  3lagg, o ylewd il
Model Parameter 1 2 3 4 5 6 7 8 9 Ave.
K(min) 848.75 62757 31320 26391 55.85 65959 39435 6829 32629 39531
N 0.80 0.78 0.69 1.15 0.30 0.85 0.52 0.83 1.13 0.78
z NE 0.80 0.93 0.65 0.86 0.57 0.80 0.81 0.93 0.80 0.79
@- R 0.90 0.97 0.81 0.93 0.99 0.89 0.90 0.97 0.90 0.92
Ep 36.19 2957 1261 17.04 5956 827 822 1381 3457 2439
Ié/ 1.81 254 6.48 097 5488 173 1200 1230 0.81 10.39
o k 3.77 3.91 251 3.52 7.88 6.35 6.53 2.38 0.66 4.17
Cc NE 0.73 0.72 0.84 0.79 0.81 0.58 0.83 0.92 0.93 0.80
% R 0.81 0.80 0.92 0.81 0.86 0.72 0.86 0.97 0.96 0.86
Py Ep 2040 2620 1838 1589 504 3781 2968 2556 1614 21.68
Ev 18.38 8.51 2.02 1.46 013 2114 0.79 213 7.66 6.91
o k 211 217 1.99 2.08 4.21 4.06 5.14 191 0.52 2.69
% NE 0.68 0.64 0.88 0.86 0.80 0.60 0.88 0.93 0.90 0.80
T R 0.79 0.80 0.94 0.93 0.91 0.75 0.92 0.96 0.79 0.87
E Ep 4757 5210 1630 1430 2954 56.10 2894 2645 2531 3296
Ev 19.48 9.13 1.78 128 1059 31.90 0.70 1.85 7.07 9.31
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Table 4- The verification results of GUHCR and GUHRL U models

Joe P ol Event No.  3lagg, o ylowd RNCH
Model Watershed  Parameter 10 11 12 13 Ave
K(min) 395.31 395.31 39531 39531 39531

N 0.78 0.78 0.78 0.78 0.78

z Oy, NE 0.78 0.75 0.27 0.48 0.57
g 2% R 0.89 0.91 0.55 0.70 0.76
Ep 254 -37.21 -15.74 4.83 -11.40

Ev -4.79 -3.33 -3.63 -3.31 -3.76

K 4.17 4.17 417 4.17 4.17

oq NE 0.85 0.74 0.62 0.75 0.74

% $ R 0.92 0.88 0.89 0.87 0.89

Q Ep 22.42 37.92 31.30 2335 28.75
z Ev 7.41 33.35 18.41 8.66 16.96
x NE 0.81 0.41 0.20 0.44 0.47
g CE' R 0.90 0.73 0.61 0.92 0.79

s Ep 50.10 22.63 14.87 31.26 29.72

Ev 9.78 81.71 12.68 4753 37.68

K 2.69 2.69 2.69 2.69 2.69

o NE 0.83 0.68 0.71 0.79 0.75

% € R 0.93 0.89 0.84 0.83 0.87

Q Ep 30.59 45.46 43.75 31.46 37.82
5 Ev 1553 38.72 1821 18.95 22.85
c NE 0.84 0.76 0.76 0.74 0.78
g R 0.95 0.93 0.86 0.85 0.90

s Ctr Ep 15.08 24.79 21.93 23.66 21.37

Ev 17.37 29.08 35.72 14.58 24.19
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Figure 5- Verification hydrographs of investigated models at water shed and natural sub-water shed outlet
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Introduction: The influence of urbanization, as one important form of land use, on runoff and floods within
watersheds has been a major topic of research during the past few decades. Urbanization affects the hydrology
processes of a watershed by replacing the vegetated land cover with impervious surfaces. This can have a

substantial effect on the hydrological response of a watershed to rainfall, potentially resulting in faster response,
greater magnitude of river flow, higher recurrence of small floods and reduced base-flow, and groundwater
recharge. The direct runoff hydrograph generated by rain falling on a watershed reflects the characteristics of
both the effective rain hyetograph and the relevant surface features that control the runoff generation and
surface-water flow processes.

Materials and Methods: In this study, the effect of land use investigated using GUHCR model and adjusted
GUHRLU model is presented. These models and Nash’s conceptual model used to investigate land use impacts
for asmall, well instrumented watershed consisting of two different land uses sub-watershed in the city of Sierra
Vista, Cochise County, Southeastern Arizona. Geomorphological factors for the sub-watersheds extracted by
GIS. In this study 13 storm events occurring on both sub-watersheds were selected to examine the proposed
model’s performance. Nine events were selected for model calibration. The remaining four events were used to
examine the simulated hydrographs for the outlet and the interior natural sub-watershed. The model parameter (

k) was estimated for each event using the moment method and the average of the calibrated values was used for
evaluation of the model. The model's performance demonstrated through four popular criteria (i.e. The Nash-
Sutcliffe efficiency (NE), the Correlation Coefficient (R), the ratio of the absolute error of peak flow (Er) and the
ratio of the absolute error of hydrograph’s volume (E,)) using available hydro-geomorphological data.

Results and Discussion: The results show that although all studied models forecast the outlet hydrographs
with acceptable accuracy, only the presented GUHRLU model shows appropriate results at sub-watershed outlet
considering the effect of land use. Clearly, accounting for land use properties in the model formulation leads to
improved efficiency at the internal sub-watershed. The Nash model as a lumped model, calculates the
hydrography just at the watershed outlet without any information about the hydrological behavior of the interior
watershed. Therefore, internal hydrography estimation is impossible via this model. In general, urban runoff
tends to have a sharper rising limb and higher peak values while runoffs in natural watersheds have smaller peak
values and the rising limb climbs more slowly. The hydrographs show that the overall shapes of the urban sub-
watershed hydrographs are similar to each other, while those in the natural sub-watershed tend to be more
different, as expected. Simultaneous consideration of geomorphological and land use parameters in the
formulation of the proposed model (GUHRLU) provides this capability. As indicated by Ep and Ev, the error of
peak flow and the volume of hydrographs show acceptable accuracy. It can be noted that some events show high
values of error of peak flows (Ep), however, the model results in small values of E, that is of great importance in
water resource management. Note that, the performance values obtained for the watershed outlet were, for most
events, higher than those of the internal sub-watershed outlet in both formulations, which may be due to the use

of outlet hydrographs for calculating the model parameter (k)., This might also be due to less uncertainty in
urban watersheds where runoff to rainfall ratios is much larger than in the natural sub-watershed. The GUHCR
model has dightly better performance at watershed outlet, but it is unable to detect land use variability in its
model formulation and so to estimate the internal watershed hydrographs appropriately. Overall, peak discharge
and runoff volume for the natural sub-watershed was over-estimated via GUHCR model. The average values for
Nash-Sutcliffe criteria at the internal watershed outlet for GUHCR and GUHRLU models are 0.47 and 0.78
respectively. Over 40% improvement is achieved in smulated peak discharge and runoff volume at interior
watershed outlet using GUHRLU in compared with GUHCR model.
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Conclusion: GUHRLU model considers not only the geomorphologic properties of the watershed, but also
the land use variation of the sub-watershed in parameter formulation. This model can aso reflect the
hydrological conditions of the internal parts of the watershed with divergent land uses. The GUHRLU model is
able to improve the efficiency of geomorphological rainfall-runoff simulations at the interior part of the study
watershed, located in southeastern Arizona, by taking into account land use. Consideration of land use in the
model leads to acceptable results at both watershed and interior sub-watershed outlets, particularly for
watersheds like the studied watershed where different land uses sub-watersheds have. The overall efficiency of
prediction was dlightly poorer for the internal sub-watershed than for the outlet. Application of three models
reveals that only the presented GUHRLU model shows appropriate results at sub-watershed outlet in which the
land use variation is considered in the model formulation.

Keywords: Geomorphology, GUHCR Model, GUHRLU Model, Interior Hydrograph, Land Use, Nash
Model, Storage Coefficient



