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Abstract

The aim of this study is to estimate and analyze the spatio-
temporal changes in the baseflow of 266 rivers across Iran in
a 30-year period (1987-2017) in order to determine the de-
gree of influence of groundwater sources and snowmelt in
the studied rivers. The daily baseflows were separated from
the streamflows recorded at the hydrometric stations using
the Chapman-Maxwell digital filter method. A non-paramet-
ric Mann-Kendall test was used to analyze the baseflow time
trend, and Moran's I spatial autocorrelation index was used to
analyze the spatial autocorrelation of baseflow and baseflow
index (baseflow ratio to streamflow). The monthly analysis of
baseflow showed a regular seasonal pattern with the highest
and lowest values of 9.08 and 1.95 million cubic meters per
month, corresponding to the months of April and September,
respectively. The results of the baseflow index showed that the
share of baseflow in the surface water supply of the studied riv-
ers is between 0.15% and 0.99% (72% on average). The results
of the long-term trend of the baseflow indicated that 83.08%
of the rivers experienced a significant downward trend (at a
level of 0.95) in the studied period. The findings of the spatial
autocorrelation test confirmed that there are several clusters
with high baseflow and baseflow indexes in the Zagros and Al-
borz mountain ranges. The results of this research can provide
a general picture of the temporal and spatial changes in the
baseflow of rivers at the scale of the country and provide out-
standing help to decision-makers in order to achieve integrated
management of surface water resources.

Keywords: River Baseflow, Surface Water Resources,
Mann-Kendall Test, Moran's I Spatial Autocorrelation, Eco-
system Sustainability.
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1-Baseflow

2-Seepage Meters

3-Differential Stream Gauging
4-Digital Filters

5-Streamflow

6-Water Flow Routing

7-Baseflow Seperation
8-Chapman-Maxwell

9-Recession Constant

10-Baseflow Index (BFI)

11-Sequence Length
12-Deseasonalized Autoregressive Moving Average
Algorithm

13-Google Earth Engine
14-Normalized Difference Snow Index
15-Spatial Autocorrelation

16-Local Spatial Autocorrelation
17-Pearson Correlation Test
18-Low-Low Cluster

19-High-High Cluster

VA

Obye pasls b sladigs &S Caul O Wi (0-9) S
9 (dd9> YF) W)ls 9929 Ol ddhaie duw 53 Gub-oul 4b
ez 05 (49> #Y) Y-Vl 4l Oz pasli b sladiss
allandyge ddgo VOV 500 B,k 3l wileuigdls ddhaie
i34 0les |y b Obye pasls 55 Lols LiSe gsSl
Gladsss 35 & Cul I 5l Sl gols o) duolie
Cumdg dly by ) Cawd iy 0Lz pasls dslhndyge
23 S Sl b1 Hlgzen gladdg> 9 Hld G5y
@ o wBlbs @b Ok @ Cuwd 4k Ok asla
38 b Obyz pasli 5 4l Obye o5 ol 0T Wse
0315 aolien L y85 03l Oyl 55 o s S5 laddse
3G Yeso) aias |y ddos Sy S e b WSIgie 9
Bl 5 uldime) (s s o bl Of Glol Yo
Obyz ol pas (blis 5o .Sl oo Jlszpe sladds>
S8 o BB gladsss 1o 4l Ol wEls 5 wb
5 Gulidoue) deasl 3 Lisld a4y Olgie |y pasine

15 G Lol 31,5y 53

SrS s

G 9 Cel dile09) Obyz 3l Gl 52 SQ 4l Obye
Blas jl Colem 9 dldg) tucwsS) Jado 50 ege
Olyz Giol 9 Shd Casal y 3adiss (ol oyl O Calize
284S S @lis @il 9 Jade @l Oyl ladilsog) dily
330 33 o dShyl dslllas ol 31 Bus (@Blg 5o il uST
Colom dadigy (lulis 9 4l Obse Gl Se Sl
) oolatwl ¢ Jaas gl 4T xS a3 sloanT,s 3
21y phte Glad goS S Ghesy ool g O e )
O3 o) S50 & 094 plulid ladilsogy 4y oL,
Jsb 53 OTL hadye glaculed g5540ly 4 Llgie Glad
Cods dS 399 O ;o JIWS- e Wiy Oge)) LS S&S Jlw
Oby= 08 o W9y (s AY/+A) ladils-dg) 3l Laz o3l
GalS Wigy ol oals OLiS a=llhed)yge 0)98 ek 5o aily
(agwsS] Gl 5 O b Guiws Glp ladaly wlgie
Gode Gloludl 4 3L Cuwl (San 9 wil atils Olyl 5o
aS ols 9lis aly Obye pasls gult asl didls Auks
Sddse Goaw Ol 3usb 13 4 Oy g Jawgie sobas
Syl Bl a5 d2d 0 OLEs (ol .Cawl duoyd VY (Slellas
9 (3 G b5 By sy 9 e ) Slao] uile
Soanadd55 Jelodigdy j23 . aiyls (1l e O @ilis Jade
G L ladiss jgao Ghse pasls 3l eolatul b il
5 a3 e Ol Olyl sladdss 55 1y 4l Oy oS 5 b3

VBV F olod oo Jlo

Il dmags 5 OF 4y i



Bruskova, V. (2008). Assessment of the base flow in the
upper part of Torysa river catchment. Slovak Journal of
Civil Engineering, 2, 8-14. https://www.svf.stuba.sk/buxus/
docs/sice/2008/2008 2/file2.pdf

Chapman, T. G., & Maxwell, A. I. (1996). Baseflow separa-

tion-comparison of numerical methods with tracer ex-

periments. Hydrology and water resources symposium
1996: Water and the environment; preprints of papers.
Conference Paper, 1 January 1996 (pp. 539-545). Bar-
ton, ACT: Institution of Engineers, Australia. https://
search.informit.org/doi/10.3316/informit.360361071346753

Eckhardt, K. (2005). How to construct recursive digital
filters for baseflow separation. Hydrological Process-
es: An International Journal, 19(2), 507-515. https://doi.
org/10.1002/hyp.5675

Eckhardt, K. (2008). A comparison of baseflow indices,
which were calculated with seven different baseflow
separation methods. Journal of Hydrology, 352(1-2),

168-173. https://doi.org/10.1016/j.jhydrol.2008.01.005
ESA-WorldCover. (2020). Worldwide Land Cover Map-

ping: VITO NV.2021. https://es a-worldcover.org/en

Fallah Ghalhari, G. A., Dadashi Roudbari, A. A., & Asadi,
M. (2016). Identifying the spatial and temporal distri-
bution characteristics of precipitation in Iran. Arabian
Journal of Geosciences, 9, 1-12. https://doi.org/10.1007/
s12517-016-2606-4

Frederiksen, R. R., Christensen, S., & Rasmussen, K. R.
(2018). Estimating groundwater discharge to a low-
land alluvial stream using methods at point, reach, and
catchment-scale. Journal of Hydrology, 564, 836-845.
https://doi.org/10.1016/j.jhydrol.2018.07.036

Gregor, M. (2010). BFI+ 3.0 user’s manual. Department of
Hydrogeology, Faculty of Natural Science, Comenius
University. hitps://hydrooffice.org/Files/UM%20BFLpdf

Hall, D. K, Riggs, G. A., Salomonson, V. V,, DiGirolamo,
N. E,, & Bayr, K. J. (2002). MODIS snow-cover prod-
ucts. Remote sensing of Environment, 83(1-2), 181-
194. https://doi.org/10.1016/S0034-4257(02)00095-0

Hamed, K. H. (2008). Trend detection in hydrologic
data: the Mann-Kendall trend test under the scaling
hypothesis. Journal of hydrology, 349(3-4), 350-363.
https://doi.org/10.1016/j.jhydrol.2007.11.009

&L‘m

Ghazme 9 Gundlsl (gL (aipe Olbdkew Lo 192,80
Slalis 5o S o ga)l 2 Gawsyp -(I¥4F) Lol
Gwdige 5 pole dloe . (Stuendss ghls slagw Ls)
http://jwmseiir/article-1-532- .¥V-VY {(¥7) VY )yl g )lb}ﬁ.&:.gT

fa.html

339152 (V¥A9) st L3 (S 518 5 (540 (29,3 (S M0 5=
Sladils9) 5 Gt 0z b shie s b O
OSels dils-09)y 1 63y90 dsdllg) Sinsdasd 9 Sins 3blin
https://dorl. .OV-YV (FF) VW «T;T 8L;.A wdiga doa (g juw
net/dor/20.1001.1.20086377.1399.13.44.4.5

W) . 5 S Olados duwge 9 )9iS uliilgs Olojlw
wwwirimo.ir / wwwiswriir .()ly) (g5 y9LaS ss.:.l;él Oy s

3058 5 O «8y98 el g3 w0y Ahas digw «s40
Ll=09) by Ol y= il sl i) duclie .(1Y45) Olod))
i - Jusdy) ol Sl 31 g0lists 55 O s il 9
AVV-IVY (V)8 oo &b 3 60080 9 Cblas ale
https://doi.org/10.22069/ejang.2019.11706.1327

Anselin, L. (1995). Local indicators of spatial association—

LISA. Geographical analysis, 27(2), 93-115. https://doi.
0rg/10.1111/4.1538-4632.1995.tb00338.x

Arciniega-Esparza, S., Brefia-Naranjo, J. A. Pedro-
zo-Acuiia, A., & Appendini, C. M. (2017). HYDRORE-
CESSION: A Matlab toolbox for streamflow recession
analysis. Computers & Geosciences, 98, 87-92. DOLI:
10.1016/j.cageo.2016.10.005

Ayers, ]. R,, Villarini, G., Jones, C., & Schilling, K. (2019).
Changes in monthly baseflow across the US Midwest.

Hydrological processes, 33(5), 748-758. hittps://doi.
0rg/10.1002/hyp.13359

Beck, H. E., Van Dijk, A. I, Miralles, D. G., De Jeu, R.
A., Bruijnzeel, L. A., McVicar, T. R., & Schellekens,
J. (2013). Global patterns in base flow index and re-

cession based on streamflow observations from 3394
catchments. Water Resources Research, 49(12), 7843-
7863. https://doi.org/10.1002/2013WR013918

Behling, R., Roessner, S., Foerster, S., Saemian, P, Tourian,
M. J,, Portele, T. C., & Lorenz, C. (2022). Interrelations
of vegetation growth and water scarcity in Iran revealed
by satellite time series. Scientific Reports, 12(1), 20784.
https://doi.org/10.1038/s41598-022-24712-6

OhlSes 5.J g3k

va

el Lo b ol sladilasy aly 0l il -iSe Ol Lolos



Colorado River Basin. Journal of Hydrology: Regional
Studies, 4, 91-107. https://doi.org/10.1016/j.ejrh.2015.04.008

Salas, J. D. (1980). Applied modeling of hydrologic
time series. Water Resources Publication, Littleton,
Colorado.

Samsonov, T., Rets, E., & Kireeva, M. (2022). Region-spe-
cific multiple-approach separation of river hydrograph
using the GrWat R package. In EGU General Assembly
Conference Abstracts, 23-27 May 2022 (pp. EGU22-
10013). Vienna, Austria & Online. https://doi.org/10.5194/
egusphere-egu22-10013

Santhi, C., Allen, P. M., Muttiah, R. S., Arnold, J. G,, &
Tuppad, P. (2008). Regional estimation of base flow for
the conterminous United States by hydrologic land-
scape regions. Journal of Hydrology, 351(1-2), 139-153.
https://doi.org/10.1016/j.jhydrol.2007.12.018

Shi, X, Qin, T, Nie, H, Weng, B., & He, S. (2019).
Changes in major global river discharges directed
into the ocean. International Journal of Environmen-
tal Research and Public Health, 16(8), 1469. https://doi.
org/10.3390/ijerph16081469

Sloto, R. A., & Crouse, M. Y. (1996). HYSEP: A com-
puter program for streamflow hydrograph separation

and analysis. Water-resources investigations report, 96,
4040. https://doi.org/10.3133/wri964040

Stewart, M., Cimino, J., Ross, M. (2007). Calibration of
base flow separation methods with streamflow con-
ductivity. Groundwater, 45, 17-27. https://doi.org/10.1111/
j.1745-6584.2006.00263 x

Tan, X,, Liu, B,, & Tan, X. (2020). Global changes in
baseflow under the impacts of changing climate

and vegetation. Water Resources Research, 56(9),

€2020WR027349. https://doi.org/10.1029/2020WR027349
Werner, A. D, Gallagher, M. R.,, Weeks, S. W. (2006).

Regional-scale, fully coupled modelling of stream-

aquifer interaction in a tropical catchment. Journal

of Hydrology, 328, 497-510. https://doi.org/10.1016/j.jhy-
drol.2005.12.034

Kendall, D. G. (1948). On the generalized "birth-and-
death" process. The Annals of Mathematical Statistics,
19(1), 1-15. https://doi.org/10.1214/aoms/1177730285

Klein, A. G., & Barnett, A. C. (2003). Validation of daily
MODIS snow cover maps of the Upper Rio Grande

River Basin for the 2000-2001 snow year. Remote
Sensing of Environment, 86(2), 162-176. https:/doi.
0rg/10.1016/S0034-4257(03)00097-X

Li, L., Maier, H. R., Lambert, M. E, Simmons, C. T., & Par-

tington, D. (2013). Framework for assessing and im-

proving the performance of recursive digital filters for
baseflow estimation with application to the Lyne and
Hollick filter. Environmental Modelling & Software,
41, 163-175. https://doi.org/10.1016/j.envsoft.2012.11.009

Mann, H. B. (1945). Nonparametric tests against trend.
Econometrica: Journal of the Econometric Society,
245-259. https://doi.org/10.2307/1907187

Moran, P. A. (1950). Notes on continuous stochastic
phenomena. Biometrika, 37(1/2), 17-23. https:/doi.
0rg/10.1093/biomet/37.1-2.17

Parizi, E., Bagheri-Gavkosh, M., Hosseini, S. M., & Gera-
vand, E (2021). Linkage of geographically weighted re-
gression with spatial cluster analyses for regionalization
of flood peak discharges drivers: Case studies across
Iran. Journal of Cleaner Production, 310, 127526.
https://doi.org/10.1016/j.jclepro.2021.127526

Partington, D., Brunner, P,, Simmons, C. T., Werner, A. D.,
Therrien, R., Maier, H. R., & Dandy;, G. C. (2012). Eval-
uation of outputs from automated baseflow separation
methods against simulated baseflow from a physically
based, surface water-groundwater flow model. Journal
of Hydrology, 458, 28-39. https/doi.org/10.1016/j,jhy-
drol.2012.06.029

Qin, H.,, Huang, Q. Zhang, Z, Lu, Y, Li, M,, Xu, L., &
Chen, Z. (2019). Carbon dioxide emission driving fac-
tors analysis and policy implications of Chinese cities:
Combining geographically weighted regression with
two-step cluster. Science of the Total Environment,
684, 413-424. DOI: 10.1016/j.scitotenv.2019.05.352

Rumsey, C. A., Miller, M. P, Susong, D. D., Tillman, E D,
& Anning, D. W. (2015). Regional scale estimates of

baseflow and factors influencing baseflow in the Upper

VBV F olod oo Jlo

Il dmags 5 OF 4y i



