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Efficiency Evaluating of Statistical Models for Forecasting Autumn Precipitation

EXTENDED ABSTRACT

Introduction

Since the northwestern regions of Iran are
important agricultural areas, especially for rainfed
agriculture, developing a model for forecasting
autumn precipitation can be very useful. This
would allow for better resource utilization and
more accurate planning in the water and
agricultural sectors of this region. Teleconnection
patterns are one of the reasons behind
precipitation fluctuations in various regions
around the world, including Iran. These patterns
can be used as predictors in precipitation
forecasting models. The aim of this study is to
develop bivariate models for forecasting autumn
precipitation anomalies in the northwestern region
of Iran based on teleconnection indices. Copula
functions were chosen for this task because
precipitation data is unlikely to be normally
distributed  (making  Pearson  correlation
unsuitable) and because of the nonlinear
relationship between precipitation and the
teleconnection indices.

Material and Methods

The study area encompasses the three provinces
of Ardabil, East Azerbaijan, and West Azerbaijan,
covering an approximate area of 101,398 kmz2 in
northwestern Iran. The monthly and seasonal total
precipitation data used in this study were obtained
from the daily data covering the period from
January 1, 1991, to December 31, 2020. These
data sets are available from IRIMO
(https://www.irimo.ir/eng/wd/720-Products-

Services.html). These time series are acquired
from 16 meteorological stations that are spread
over the northwest of Iran. In terms of the
homogeneity of the data, the RHtestsV4 software
package was used to detect and adjust for multiple
change points (shifts) that could exist in the
monthly precipitation time series of 16 stations.
Seven different climate indices, i.e., Nino 3.4
SST, Southern Oscillation Index (SOI),
Multivariate ENSO Index (MEI), North Alantic
Oscillation (NAO), Arctic Oscillation (AO), East
Atlantic/West Russia (EA-WR), and Atlantic
Multidecadal Oscillation (AMO), were obtained
from various sources, such as the National
Climate Prediction Center. The inverse form of
the conditional distribution functions was used to
construct the forecasting model. In the first step,
the correlation between the predictor variables
and the autumn (OND) precipitation anomaly was
assessed using the Kendall and Pearson rank
correlation coefficients within a moving average
of 1 to 6 months. In the subsequent step, the
climate indices and precipitation were fitted to
their probability distribution functions based on a
statistical goodness-of-fit (GOF) test and
graphical analysis. Such GOF tests are also used
to select the best-fitting copula function. In the
final step, a selected copula function was used to
generate the forecasted precipitation anomalies
given each climate index. The bivariate models
were designated by the letter "M" followed by the
number assigned to each teleconnection index.
The abbreviated names were used in subsequent
analyses.

Table 1 Rank-based correlation coefficients and p-value of Kendall’s tau and Spearman’s rho between climate
indices and the average OND precipitation anomaly for the period 1991-2020

Model Name I}e{;iionnectlon Kendall’s tau  P-value rsrf’oearman’s P-value
M1 MEI (SO) 0.49 0.0001 0.64 0.0001
M2 MEI (JA) 0.48 0.0002 0.61 0.0002
M3 NAO (AM) 0.35 0.006 0.51 0.003
M4 AO (FMAMJJ) 0.35 0.006 0.47 0.007
M5 NINO (JAS) 0.45 0.0004 0.62 0.0002
M6 AO (AM)) 0.38 0.002 0.51 0.003
M7 NAO (MAMJ) 0.32 0.01 0.47 0.008
M8 NAO (JFMAM) 0.43 0.0007 0.60 0.0004
M9 SOI (JAS) -0.47 0.0002 -0.61 0.0003
M10 AMO (MJJ) -0.25 0.04 -0.33 0.06
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Results

The results showed the highest Kendall's Tau and
Spearman’'s rho were obtained between the
precipitation and the NINO3.4, SOI, and MEI
indices (Table 1). Fig. 1 presents a box plot
comparing the simulated values (30 data points)
with the observed autumn precipitation anomaly
values. In this figure, the dashed line represents
the median of the observed data, which is plotted

for ease of comparison. Based on the comparison
of the observed mean precipitation anomaly and
the simulated mean precipitation anomaly by the
nine models, poor performance is observed in
models M3, M7, and M8 (predictor NAO). The
best models were M2, M4, and M9 based on the
matching of the central index and distribution of
the data.
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Fig. 1 boxplot of observed and simulated OND precipitation anomalies using nine bivariate models based on
copula

Conclusions

Seasonal precipitation forecasting is one of the
most effective tools for adopting adaptation
approaches, mitigating the adverse impacts of
extreme climate events such as droughts, and
supporting the development of risk management
strategies. The results indicated:

1. Based on the various central and dispersion
statistical indices, the best models were M2,
M4, and M9 for autumn precipitation
forecasting in this region.

2. The Pacific Ocean indices have higher
correlation coefficient values compared to the
Atlantic Ocean teleconnection indices.

3. In the validation stage of the developed
models with the precipitation anomaly values
of 2021 and 2022, the bivariate models using
NINO3.4, SOI, and MEI indices showed
higher efficiency in simulating precipitation
anomalies. All three models forecasted a
positive precipitation anomaly for the region
in 2023.

Environment and Water Engineering

4. The NINO3.4 model, which provided the best
estimate of precipitation anomalies for 2021
and 2022 with values of -4.2 mm and -5.8
mm, respectively, forecasted a precipitation
anomaly of +4.6 mm for 2023.
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Table 1 Geographical coordinates of the stations under study

Row Station Name Longitude Latitude Elevation (m)
(degree/decimal (degree/decimal
degree) degree)
1 Ardebil 48.2 38.1 1335
2 Orumiyeh 45.1 37.5 1328
3 Ahar 47.1 38.4 1391
4 Pars Abad 47.8 39.6 78
5 Piranshahr 45.1 36.6 14435
6 Tabriz 46.2 38.1 1361
7 Takab 47.1 36.3 1817.2
8 Jolfa 45.6 38.7 736.2
9 Khalkhal 48.5 37.6 1797.4
10 Khoy 44.9 38.5 1104.4
11 Sarab 475 37.9 1682
12 Sardasht 455 36.1 1556.8
13 Makou 44.4 39.3 1411.2
14 Maraghe 46.2 374 1344
15 Mahabad 457 36.7 1351.8
16 Miyaneh 47.7 374 1110
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S
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o
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Fig. 1 Base series and regression fit of monthly precipitation Sardasht station
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Table 2 List of climate predictors and data sources used
Name Explanation Period Data source
SOl Southern Oscillation 1951-now https://www.cpc.ncep.noaa.gov/data/indices/
Index soi
NAO North Alantic Oscillation ~ 1950-now https://www.ncei.noaa.gov/access/monitorin
g/nao/
AO Arctic Oscillation 1950-now https://www.ncei.noaa.gov/access/monitorin
glao/
MEI Multi ENSO Index 1979-now https://psl.noaa.gov/enso/mei/data/meiv2.dat
a
NINO3.4 East Central Tropical 1880-now http://climexp.knmi.nl/selectindex.cgi?id=so
Pacific Sea Surface meone@somewhere
Temperature (5N-
5S)(170-120W)
EA-WR The East Atlantic /West 1950-now https://www.cpc.ncep.noaa.gov/data/teledoc/
Russia eawruss.shtml
AMO Atlantic Multidecadal 1880-now http://climexp.knmi.nl/getindices.cgi?WMO
Oscillation =NCDCData/amo_ersst&STATION=AMO_

ersst
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Table 3 Rank-based correlation coefficient of Kendall’s tau () between two-month moving average of climate
indices and average OND precipitation anomaly
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2 S Wgm 90 slaasled 5 05l (5L slags el
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O3e3l Az oher 4 calpe (nl lake wised (lgieas
Sy Glao)liw olaeh) 720 liebsl o jo oyl (55l sine
saslice a5 jalailen ol oals 03,9l anle Y Sloj 0,2

DJ ND ON SO AS JA JJ MJ AM MA FM JF Index

010 *-0.32 *-0.37 *-0.47 *-045 *-046 *-040 °-025 -0.08 -0.12 0.01 014 SOI
023 041 019 -0.05 0.03 - 0.06 023 7036 021 012 029 NAO

0.009

-0.20 "0.33 0.24 010 008 007 006 - -0.07 011 003 -0.12 EA-

0.002 WR

0.17 027 0.09 -0.07 021 -0.03 0.02 030 030 020 0.05 008 AO
0.03 *-0.26 -0.22 -+/YA -018 -015 -019 *026 -022 -0.10 - 0.05 AMO

0.002

-0.15 049 "0.48 *0.44 047 7042 7037 027 011 007 -0.12 -0.16 NIN
03.4

-0.07  "0.47 "0.45 ‘049 046 047 044 020 0.05 007 -007 -01 MEI

* significant at 0.05 level
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Table 4 Rank-based correlation coefficients and p-value of Kendall’s tau and Spearman’s rho between climate
indices and average OND precipitation anomaly

P-value Spearman’s P-value Kendall’stau  Teleconnection Model Name
rho Index
0.0001 0.64 0.0001 0.49 MEI (SO) M1
0.0002 0.61 0.0002 0.48 MEI (JA) M2
0.003 0.51 0.006 0.35 NAO (AM) M3
0.007 0.47 0.006 0.35 AO (FMAMJJ) M4
0.0002 0.62 0.0004 0.45 NINO (JAS) M5
0.003 0.51 0.002 0.38 AO (AMJ) M6
0.008 0.47 0.01 0.32 NAO (MAMJ) M7
0.0004 0.60 0.0007 0.43 NAO (JFMAM) M8
0.0003 -0.61 0.0002 -0.47 SOI (JAS) M9
0.06 -0.33 0.04 -0.25 AMO (MJJ) M10

(B Jgaz) wb Sl 3k s)lmal sl o) @)
whlide slog i G Sl ieiie 58in slo i sl
&b AO ly (GEVY) widl peess (0 polis g5
sloysie nlo sl 9 NINO3.A sl Jloy S9 a9
Sz 26 (AMO 5 SOI A0 NAO MEI) 53,
alie Slallas o iols Glis |y gl oy 4dly pwoss
@ Joug s GEV &5 51 Khedun et al., (2014) aub
s oolictul NSOI 5 PDO igey 558 aules 50 (sl e 5
Joe s jslaieas « Nguyen-Huy et al. (2017)
e 55 6l Jloy § Sz oz 58 51 3L (S
b e Glp Jemg 9 LE GEV 51 3 NTPI 4 SOI
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Table 5 Selected marginal distributions with parameters

Distribution parameters

Marginal distribution

Teleconnection Indices

loc=0.08, Scale=5.9

Scale=6.1, Loc=-0.82

loc=-0.02, scale=0.52, shape=0.95
loc=-1.4, scale=0.65, shape=5.9
loc=0.16, scale=0.11, shape= 0.50
shape = 0.18, scale = 1.36, thres = -3.98
loc=-0.04, scale=0.45, shape=1.11
Loc=-0.04, scale=0.50, shape=-0.55
loc=0.07, scale=0.11, shape=0.68
loc=-0.05, scale=0.33, shape=1.12
loc=0.46, scale=0.22, shape=0.66

GEV

logistic

logistic

generalized logistic
generalized logistic
generalized logistic
log normal
generalized logistic

generalized logistic
generalized logistic
generalized logistic

Precipitation anomaly OND
MEI (OS)

MEI (JA)

NAO (AM)

AO (FMAMJJ)
NINO3.4(JAS)
SOI(JAS)
AO(AM))
AMO(MJJ)
NAO (MAMJ)
NAO (JFMAM)

S345 jghailen 0 (pend caslin Jaio ;5T o5 50 ¢ g0
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Cde Sl (AMO 5 SOl 1> 4) bjloses aen

s oo lad ly Gl sl L) iy sle it

o ol — Y- ¥
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Table 6 Copula parameters, Kendall’s tau (), maximum log-likelihood for each copula between selected
teleconnection indices and average OND precipitation anomaly

loglike T Parameter(s) Selected Copula Teleconnection Model name
Indices

8.6 0.45 Par=1.8 Gumbel(rotation=180) MEI (JA) M2
75 0.41 Par=2.2 Joe (rotation=180) NAO (AM) M3
3.1 0.24 Par=1.57 Joe (rotation=180) AO (FMAMJJ) M4
8 0.44 Par=1.58 Clayton NINO (JAS) M5
4.8 0.36 Par=3.7 Frank AO (AMJ) M6
5.3 0.36 Par=2.01 Joe (rotation=180) NAO (MAMJ) M7
6.7 0.42 Par=1.45 Clayton NAO (JFMAM) M8
8.5 -0.49  Par=-1.98 Gumbel(rotation=270) SOl (JAS) M9
3.4 -0.20  Parl=-3.75, par2=0.22 Tawn (rotation=90) AMO (MJJ) M10
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Fig. 3 Comparison of obeserved autumn precipitation anomalies with 1000 random samples of generated
autumn precipitation anomalies using M5,M4 and M9 Models
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Table 7 Predicted autumn precipitation anomaly using bivariate copula models

Precipitation

year Model name Index Value of index Anomaly Mean
M1 MEI-SO -1.5 -11.3
M2 MEI-JA -1.35 -10.2
M3 NAO-AM -1.34 -15.9
M4 AO (FMAMJJ) 0.11 1.7
M5 NINO3.4 (JAS) -0.44 -2.8
2021 M6 AO (AMJ) 0.16 34 0.58
M7 NAO (MAMJ) -0.29 -1.6
M8 NAO (JFMAM) -0.58 -13.8
M9 SOI (JAS) 0.9 -7.3
M10 AMO (MJJ) 0.15 -13.8
M1 MEI-SO -1.71 -14
M2 MEI-JA -1.79 -14.4
M3 NAO-AM 0.18 2.9
M4 AO (FMAMJJ) -0.04 0.37
M5 NINO3.4 (JAS) -0.87 9.3
2022 M6 AO (AMJ) 0.18 104 0.87
M7 NAO (MAMJ) 0.25 3.3
M8 NAO (JFMAM) 0.78 5.2
M9 SOI (JAS) 1.1 -8.5
M10 AMO (MJJ) -0.03 5.2
M1 MEI-SO 11 4.2
M2 MEI-JA -0.03 1.1
M3 NAO-AM 0.43 -0.19
M4 AO (FMAMJJ) -0.12 6.4
2003 M5 NINO3.4 (JAS) -0.09 ] -2
M6 AO (AMJ) 1.36 -4.2
M7 NAO (MAMJ) -0.04 -0.7
M8 NAO (JFMAM) -0.48 7.6
M9 SOI (JAS) 0.16 -0.7
M10 AMO (MJJ) -0.8 4.2
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