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Abstract

Background and Objective: Change point analysis technique is an important method to detect
potential change in time series. Therefore, the main objective of this research is to determine and
analysis of change points in the annual discharge of Golestan Province over 20 hydrometric stations in
a 34-years period.

Methodology: Time and magnitude of change points have been defined and the results have been
analysed along with variations of temperature and precipitation through the study area. According to
the results, a significant positive correlation is exist between discharge and precipitation (p<0.001).
While, the correlation between discharge and temperature had a negative non-significant correlation.
Findings: The results showed that the dominance of change points are decreasing over the study area
along with some increasing and no change cases. The number of significant decreasing points were
significantly higher than increasing changes and the major changes had occurred in the 1994, 1995,
and 1998 years in 4, 5, and 3 stations, respectively (the decreasing points happened over 1994-1998-
time span). The highest observed changes was related to Lazoureh station in 1980 and 2011 years
which the values of changes in discharge were 3.01 and 0.9 cubic meter per seconds, respectively.
Discussion and Conclusion: It can be concluded that, the number and amount of changes in water
discharge can be determined by the change point analysis technique. Understanding the trends
decrease or increase in watershed rainfall and discharge have an important role in water resources
management and water-related issues.
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Figure 1. Location of the study area and locations of hydrometric stations in Iran and Golestan Province
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Table 1. Characteristics of theselected hydrometric stations in the Golestan Province
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Figure 2. Changes in the average annual rainfall (increase and decrease) in different years in the Gorganroud

Watershed
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Figure 3. Changes in the average annual temperature (increase and decrease) in different years in the Gorganroud

Watershed
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Figure 4. Changes in the average annual discharge (increase and decrease) in different years in the Gorganroud

Watershed
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Figure 5. Changes in amounts of rainfall and discharge in different years in the Gorganroud Watershed
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Figure 6. Changes in amounts of discharge and temperature in different years in the Gorganroud Watershed
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Figure 7. Chart of change point analysis in discharge of Lazoureh station
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Table 2. Results of attributes of significant changes in discharge of Lazoureh station

Year Confidence Interval Conf. Level From To Level
1359 (1359, 1359) 96% 1.4272 4.4469 3 ]
1360 (1360, 1363) 94% 4.4469 2.5471 7 ]
1375 (1371, 1377) 94% 2.5471 1.6095 4 | ]
1390 (1379, 1391) 95% 1.6095 2.4251 1 [ ]
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Figure 8. Chart of change point analysis in discharge of Taghiabad station
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Table 3. Results of attributes of significant changes in discharge of Taghiabad station

From To Level

Year Confidence Interval Conf. Level

1370 (1364, 1385) 100% 0.31408 0.47739 1
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Figure 9. Results of change point analysis in discharge of Sadgorgan station
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Table 4. Results of attributes of significant changes in discharge of Sadgorgan station

Year Confidence Interval Conf. Level From To Level
1374 (1363, 1381) 100% 11.471 5.9685 1 | ]
4
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Figure 10. Results of change point analysis in discharge of Tamar station
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Table 5. Results of change point analysis in annual discharge of the selected hydrometric stations in the
Gorganroud Watershed
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Figure 11. correlation of temperature, rainfall and discharge in the study hydrometric stations in the Gorganroud
Watershed

I . A I
a5 g ol il 0o 5 oy els co eSS e O g0
» Srae g S Gle G5 9 S les mlBl L
e 5 oals Gl |y (65,088 Logasie wilises (sla e
ooyt 53 Ol e o a5 5 00,5 o0 by 20 alS
Bl Slas e )3 (GBS e a0 b elS
Ng) Su b () SLSU s Gl (B el (S

Al Ol sy &g, S ool o S b Y

Bl el Fsns olpenay LIy (SasSTy G yile
525 4P<0.001) (s s sine oo pbos 5 llas Siras
ozl (1)) USE o axdllas 3,50 dilaie cboolSiny] )
el plolp ol (olilgyus slapiie Gl (Staon
Gl itie s 45 50,5 oo sawline [gSie IS5 s eud 4
@yl 0929 «(P<O.001) o ime Siood 20 5 o)L
O Sl 5 00,8 i )b b cliie (00l 5)leas
o S o el wBl gl cSeS, O)sed

ool 5k 5l les 5 (20 ized 9 Lod g (3 o (Saed



)

e (P (20 (L) Sy 3Oyt BB Sl

D, 3529 (6,0 cire s LI S ,L L (o0 jo s
o33 osSan g5 5l gl o0 5 s ples b)) &5 Jo
Gloadl L moghy gl il i o e 6)LJ BUESI
s MiX 5 OY) ol Kea 5 Reeves () Guo 4 Xiang

Slpss olowd a0 cwlinl, SO (V) o) Ken

5 035 sl St 5l ke g jsbar (oialS
el 008l glasl (VYYV-IYVY) lolo alols jo 5 i

3lasdlas 5,50 08 slaosls gloj (5w ;o Slpusd o 5 e

BlS Ol i 3 lgn ST 0 el 039y halS Sl g4

oyl yo aSicanl ool Glast ol oo Jlade b sleolKiw) jo
by sl Sl el 3 Glg o ogas
alog;  @ly o oorbis Sl 5 (raw slac]
B cadls Jso |y adlas 090 ddlaie jo 04555 Lol
O bay oawli@l Ol ol 3ST 0 a5 il S3
39,555 550l oje> CawoWl blie jo adly sleolKil
Shlie 53 ly sloolSigl s ol s Jy oo

)Lo" w &S el ;Q QLL.J Gl 00 oddlice Cowd U"’L’
L_@‘).Ic‘ Be Ls?da.u LnguT )| Lg)‘.)).ao).g‘) 9 w‘b).: ).M)LQ.A dasé

R pgad )8 (65 e Oledbl wilgs o (Lol ailssg,
a2l b els Lol cle

Reference

1. Chapman, D., 1996. Water quality
assessments - a guide to use of biota,
sediments and water in environmental
monitoring. Second Edition, Great
Britain at the University Press,
Cambridge, 609p.

2. Xiong, L., and Guo, Sh., 2004. Trend
test and change-point detection for the
annual discharge series of the Yangtze
River at the Yichang hydrological
station. Hydrological Sciences Journal,
Vol. 49, No. 1, pp. 99-112.

3. Dingman, S.L., 2002. Physical
hydrology. Second Edition, Prentice
Hall, Upper Saddle River, 646p.

G5 A g Sy
@0 ol )0 ss LIS Llow (sl Baa b ol gy
ObedS sl jo axlllas 550 (5 yog,dud oS! Ve 4Vl
2o alml YASAYOY) alls Y o)Ll oy50 Sy 4o
il Bl g sralS Ol sy sl 4wl ascie gls ulal
Gk oSl 5l S g Sk i (20 L (Sike
Ok 5o 3 Sl Sab e S e wiilie
L OSPAE PS YR JUUPS S5 A LRI JPNL grCOA IV SCS I
sl dlihe Llilix sl se 5o olelis,l by Cusb,
Ol yass a5 048 0 0daline (F) 5 (0) sl IS 0 aS S50
cesliie (Jyle @y w0gy CBleSG Llyl gl oo s (S
S Mo atle o Jlo 3 e o 8 (29 L L
Jlo 50 b 0gzse g bl 0)90 Jsb 0 (00 g oo Sy
2By sl bl g s abi lls VYF-
aS S Gl o WYF e Jloyo alsog, oo les (g)lo sine
Sle sales sy Sl 4 1) Gllgy AVl a5e8 des l3dl
oy ogd el Lo Gl (B ), b (pladdy> o
ORl8l g oal 03938l (B llyy Dliee oAz )3 g o
o ialS W, Jy el anlys Jlis 4 1, beailisg, o
b 4 ols o Los ialiél 4 lyiss |y Lol 1 oamy o
Sy )3 Bpae g Sl Gl §5 9w oo l3)
93,5 o iz e S g g esls ilsal |, Gl
oo Hlas (@) Jguz jo 20 polie posd b oo ol
Pk addlae ool o oolaiwl 550 slrools o o8 blas a5
boll 51 (2 53 9 ol Bl 55 63,190 15 5 (20l g5 )
Sl e ol o0 oamlin (g blis SLol
Sldls ;0 0593 ol 4 by o ollis] ()0 (ol
Ay YY) s slie bl ey \FRL 5 1YOR
Srolling! plod oy 5o 4z [0 il oo 46 oS e
By 9 ol o9 (Jolds oSl 4 L5 addllas 950
099 Jsb ;o o2l g aalbl Dlss g9 90 2 sl
Py Ok ded o (Sheed G ailige s

L) (o Olpsis (o 45 ol ol oimaglis (1)) JS




Ol od g (5 e

QA olo 315 30 AT 0 ylocds (ot j baxo (59IeiST g pale Ay

13.

14.

15.

16.

17.

18.

19.

Econometrica, Vol. 66, No. 1, pp. 47-
78.

Reeves, J., Chen, J.,, Wang, X.L.,
Lund, R., and Lu, Q., 2007. A review
and comparison of changepoint
detection techniques for climate data.
Journal of Applied Meteorology and
Climatology, Vol. 46, No. 6, pp. 900-
915.

Erdman, C., and Emerson, J.W., 2008.
A fast bayesian change point analysis
for the segmentation of microarray
data. Bioinformatics, Vol. 24, No. 19,
pp. 2143-2148.

Zeileis, A., Shah, A., and Patnaik, 1.,
2010. Testing, monitoring, and dating
structural changes inexchange rate
regimes. Computational Statistics &
Data Analysis, Vol. 54, No. 6, pp.
1696-1706.

Killick, R., Eckley, I.A., Jonathan, P.,
and Ewans, K., 2010. Detection of
changes in the characteristics of
oceanographic  timeseries using
statistical change point analysis.
OceanEngineering, Vol. 37, No. 13,
pp. 1120-1126.

Cavanagh, W.G., Hirst, S., and Litton,
C.D., 1988. Soil phosphate, site
boundaries, and change pointanalysis.
Journal of FieldArchaeology, Vol. 15,
pp. 67-83.

Perreault, L., Bernier, J., Bobee, B.,
and Parent, E., 2000. Bayesian change
point analysis in hydrometeorological

timeseries. The Normal Model
Revisited, Journal of Hygiene,
Vol.235, pp. 221-241.

Zanchettin, D., Traverso, P., and

Tomasino, M., 2008. Po River
discharges: a preliminary analysis of a
200-year timeseries. Climatic Change,
No. 89, pp. 411-433.

10.

11.

12.

Taylor, W.A., 2000. Change point
analysis: a powerful new tool for
detecting changes.

Pettitt, A.N., 1979. A non-parametric
approach to change point problem.
Applied Statistics, Vol. 28, No. 2, pp.
126-135.

Killick, R., Fearnhead, P., and Eckley,
LA, 2012. Optimal detection of
change points with a linear
computational cost. Journal of the
American Statistical Association, Vol.
107, No. 500, pp. 1590-1598.

Kim, Ch., Suh, M.S., and Hong, K.O.,
2009. Bayesian changepoint analysis
of the annual maximum of daily and
subdaily precipitation over South
Korea. Journal of Climate, Vol. 22,
No. 24, pp. 6741-6757.

Killick, R., and Eckley, L.A., 2014.
Change point: An R package for
change point analysis. Journal of
Statistical Software, Vol.58, No. 3, pp.
1-19.

Scott, AJ., and Knott, M., 1974. A
cluster analysis method for grouping
means in the analysisof variance.
Biometrics, Vol. 30, No. 3, pp. 507-
512.

Sen, A., and Srivastava, M.S., 1975.
On tests for detecting change in mean.
The Annals ofStatistics, Vol. 3, No. 1,
pp. 98-108.

Auger, L.E., and Lawrence, C.E., 1989.

Algorithms for  the optimal
identification of segment
Neighborhoods. Bulletin of
Mathematical Biology, Vol.51, No. 1,
pp. 39-54.

Bai, J., and Perron, P., 1998.

Estimating and testing linear models
with  multiple  structuralchanges.



¥

e Py (20 F) Gy ) i b ol

25.

26.

27.

28.

29.

Mostafazadeh, R., and Sheikh, V.B.,
2012. Rain-gauge density assessment
in Golestan province using spatial
correlation  technique.  Watershed
Management Research (Pajouhesh &
Sazandegi), No. 93, pp. 79-87. (In
Persian)

Mix, K., Lopes, V.L., and Rast, W.,
2012. Environmental drivers of
streamflow change in the Upper Rio
Grande. Water Resources
Management, Vol. 26, pp. 253-272.
Efron, B., 1979. Bootstrap methods:
another look at the jackknife». Annals
of Statistics, No. 7, pp. 1-26.

Wu, C.F.J., 1986. Jackknife, Bootstrap
and other resampling methods in
regression analysis. The Annals of
Statistics, Vol. 14, No. 4, pp. 1261-
1295.

Erdman, C., and Emerson, J.W., 2007.
bcp: An R package for performing a
Bayesian analysis of change point
problems. Journal of Statistical
Software, Vol. 23, No. 3, pp. 1-13.

20

21.

22.

23.

24,

. Mix, K., Lopes, V.L., and Rast, W.,
2011. Annual and growing season
temperature changes in the San Luis
Valley, Colorado. Water, Air Soil
Pollution, Vol. 220, No. 1, pp. 189-
203.

Marianji, Z., Maroufi, Z., and Abbasi,
H., 2008. Detecting the trend of
discharge changes and its relationship
with meteorological parameters in
Yalfan Hamadan basin using non-
parametric Mann-Kendall method. 3rd

Water Resources Management
Conference, Tabriz, pp. 1-7. (In
Persian)

Dastorani, M.T., Bahri, M., and

Panahi, M., 2013. Investigation of
climate change trend and its impact on
Jajrood River discharge. 8th National
Conference on Watershed
Management Science and Engineering,
pp. 1-8. (In Persian)

Birsan, M.V., Molnar, P., Burlando,
P., and Pfaundler, M., 2005.
Streamflow trends in Switzerland.
Journal of Hydrology, Vol.314, pp.
312-329.

Thodsen, H., 2007. The influence of
climate change on stream flowin
Danish Rivers. Journal of Hydrology,
Vol. 333, pp. 226-238.




