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Abstract

Recent advances in numerical weather and seasonal forecasts
,make the water resources manager and operators very
interested to involve the forecasts in real operation.Generally
in the studies, the skill assessment of the forecasts would be
done by comparing the forecasts with station gauge or gridded
data which maight not reflect the real skill of the forecasts in
basin scale. In this paper , the forecasts generated by the Noaa
climate forecast system version 2 (CFSv2) were evaluated in
the Dez dam basin. A combination of rain gauge data with
satelite base precipitation estimates( Persiann-CDR) were used
as the basis of evaluation. Result showed monthly precipitation
forecasts with lead 1 has the best performance based on R and
ROCauc although the underestimation is higher than other
leads. Evaluation of the forecasts in 3 different percentile
including below normal, normal and above normal, showed
well performance in percentiles above 0.6 and below 0.4, also
best monthly forecast performance with leadl was 0.88 for
Nov, 0.66 for Dec and 0.8 for Mar respectively for percentile
of category 1 to 3 based on ROCawc. Winter precipitation
evaluation based on the SP1 with 5 category, suggested that 50
to 60 percent of the times, the exact category was truly
predicted while with on category difference the accuracy
imrove up to 80 percent of the times.
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Fig. 1-

Dez dam basin
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Table 1- CFSv2 retrospective calendar
CFSV2 \SdiidS ut yims Mgi lo3 =Y Jgas

Forecast products

Target Month
Mid-January release 12
Mid-February release 11
Mid-March release 10
Mid-April release 12
Mid-May release 11
Mid-June release 11
Mid-July release 10
Mid-August release 10
Mid-September release 9
Mid-October release 8
Mid-November release 8
Mid-December release 1

17

16

15

17

16

16

15

15

14

13

13

17

Dec Jan
22 21 - 1 6
Jan Feb
21 26 31 5 -
Feb Mar
20 25 - 2 7
Mar Apr
22 271 - 1 6
Apr May
21 26 - 1 6
May Jun
21 26 31 5 -
Jun Jul
20 25 30 5 -
Jul Aug
20 25 30 4 -
Aug Sep
19 24 29 3 -
Sep Oct
18 23 28 3 -
Oct Nov
18 23 28 2 7
Nov Dec
22 21 - 2 7
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Table 2- Characteristics of synoptic stations and rain gauges in Dez dam basin
30 A o9 4> iyl )b g Sl g (ol | Oilastino - Jous

Station_name Station_type Longitude Latitude Elevation
Malayer Synoptic 4851 E 3415N 1778
Chame Chit Baransanji 48 58 E 3333N 1290
Dare Takht Baransaniji 4922 E 3322N 1940
Borujerd Synoptic 48 45 E 3355N 1629
Silakhur Synoptic 48 48 E 3347 N 1496
Borujerd Water.Co Baransanji 48 48 E 3346 N 1490
Dorud synoptic 49 00 E 3331N 1522
Ab Barik Baransanji 49 50E 3314 N 2470
Khomeyn Synoptic 50 05 E 3339N 1835
Aligudarz Synoptic 4942 E 3324 N 2022
Azna Synoptic 4925E 3327N 1872
Kazem Abad Baransanji 4940 E 3308 N 2000
Kuhrang Synoptic 50 07 E 3226 N 2285
Daran Synoptic 5022 E 3258 N 2290
Kamandan Baransanji 4925E 3319N 2080
Tireh- Dorud Baransanji 4904 E 3328 N 1450
Vanaei Baransanji 4835E 3354N 2000
Hamestan Baransanji 4954 E 3256 N 2132
Zardfahreh Baransanji 4948 E 3300N 2441
Sepiddasht Baransanji 48 53 E 3313N 970
Dez Dam Baransanji 48 27E 3233N 525
Talehzang Baransanji 48 46 E 3249 N 440
Tang Panj Bakhtiyari Baransanji 4846 E 3254N 540
Keshvar-Sorkhab Baransanji 48 37E 3208 N 770
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Fig. 2- Observational data and PERSIANN-CDR data
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Table 3- Verification results of CFSv2 precipitation in the Dez dam basin (Lead time 1)
(Y wdim loj) 33 dw adga 13 CFSV2 Juo (w4l 3lig o (U5l g li aods —Y Jous

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec

Mean obs. (mm) 116.0 1112 1379 899 311 64 5.7 5.4 6.3 29.4 90.4 129.2

Meanof Leadl 756 749 964 757 216 19 13 15 35 195 525 78.4

forecast data (mm)

Variance Ratio 0.16 0.28 0.26 0.15 0.23 0.10 0.05 0.08 0.11 0.17 0.05 0.07
corrolation 059  0.46 0.62 052 055 053 001 048 0.08 0.57 0.74 0.44
MAE (mm) 532 46.0 53.7 393 154 44 43 3.9 33 18.7 44.1 66.7

RMSE (mm) 62.7 57.8 66.9 46.6 22.9 54 5.2 4.6 6.3 28.7 79.6 87.1
RME 035 -033 -030 -016 -030 -070 -0.77 -0.72 -045 -0.34 -0.42 -0.39
Table 4- ROC results for Lead time 1
) w3 loj yd ROC ayled guabs ads -F Jouo

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec
ROC(AUC)- pr<0.4 0.72 0.77 0.84 0.83 0.86 0.81 0.61 0.62 0.37 0.73 0.88 0.75
ROCscore- pr<0.4 045 055 0.68 065 073 063 021 025 -0.25 047 0.76  0.49
ROC(AUC)- 0.4<pr<0.6 054 059 040 022 054 021 054 047 037 056 041 066
ROCscore- 0.4<pr<0.6 0.07 0.18 -0.19 -0.55 0.07 -0.56 0.09 -0.04 -0.25 0.11 -0.18  0.33
ROC(AUC)- pr>0.6 0.73 0.72 0.80 0.63 0.78 0.69 0.62 0.65 0.32 0.79 0.76 0.76
ROCscore- pr>0.6 0.45 0.45 0.60 0.26 0.56 0.37 0.24 0.31 -0.35 0.60 0.52 0.52
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Table 5- Seasonal verification results of CFSv2
precipitation in the Dez dam basin (Lead time 1)

Jo o9, 31 (ad (b5l s aoMs -0 Jgaa
(Y wd s oloj) 55 ww ddg> 5 CFSV2

JFM  AMJ OND

Mean obs. (mm) 365.2 1289 249

Mean of Lead 1 forecast data 2676 1108 160

(mm)

Variance Ratio 0.08 0.12 0.07
corrolation 057 058 0.47

MAE (mm) 111 50 111

RMSE (mm) 138 60 140

RME -0.27 -014 -0.36
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Fig. 6- Verification metrics for CFSV2 precipitation forecasts in target month “Mar*
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x' = F5'[Fx(®)] (0)

Fo(x") = Fx(x) (%)

Table 6- Verification results of postprocessed CFSv2 precipitation in the Dez dam basin
39w dud 9> 3 CFSV2 Juho b (w310 30y (05U 3lig o (2L 5,) il aoYs —F Joua

Lead time (month) 1 2 3 4 5 6 7 8 9 10

Jan corrolation 050 022 023 039 01l 019 004 020 015 008
sostprocessed MAE (mm) 42 62 60 50 65 58 71 68 63 66
RMSE (mm) s5 71 70 6 75 71 8 8 73 16

Feb corrolation 038 002 001 -023 -0.13 -026 -031 002 015 -0.23
postprgcesse ’ MAE (mm) 4 52 50 57 58 5 61 5 50 61
RMSE (mm) 56 69 69 76 74 78 80 60 64 77

corrolation 060 037 037 015 043 025 -015 019 020 034
postp'\r/(')i:esse ’ MAE (mm) 43 64 53 67 60 67 77 70 67 60
RMSE (mm) 50 74 75 84 69 79 99 83 72 14
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Table 8- Average accuracy of predictions in
different lead times in the target months of the

winter
Bliseo (S d pli 53 B ot i Coo (85l A Jgu
Wliww j Baa sole 4>
month name Correct forecast Correct forecast
- (£ 0 category) (£ 1 category)
Jan 42 85
Feb 55 77
Mar 53 85

lodib Slalis polie 5> aw pal ase @y gt
wgliolo V3 ke 3 )l 2y Jl gtte anadb 5 5 g Suts
Jloy 4t 13 5115 VWY ggamme 5| sl ond 03] Aiged lgis 4
5ol 235 Vg Gl 0l i Cawyd 3550 VY gl olo 5o

el 02d (G ey Jho b

Target month (Jan)

&

Table 7- Description of SPI drought index
SPI (JUuSis alod pdlio guvadb -V Jous

Category Severity SPI Index
1 Very Dry <-15
2 Dry -1.5<SPI<-1
3 Normal -1<SPI<+1
4 Wet +1 <SPI< +15
5 Very Wet >+1.5
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Fig. 11- Percentage prediction accuracy of the precipitation category based on the SPI index(left figure (£ 0

category), right figure ( = 1 category))
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Table 9- Frequency of observed and forecasted SPI index in the one-month lead time (January target month)
(4915 B olo ) S wud bt 13 (it 9 (Fldliie SPI dslod Gliseo OL (Slglyd -1 Jou

category 1 2 3 4 5 total
1 0 2 1 0 0 3
2 1 0 2 0 0 3
Jan Forecast (Lead 1) 3 0 3 12 4 0 19
4 0 0 1 0 0 1
5 0 0 1 0 1 2
Jan observation 1 5 17 4 1 28
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1- European Centre for Medium-Range Weather
Forecasts
2- NOAA’s National Centers for Environmental
Prediction

3- Climate Prediction Center

4- Climate Forecast System Version 2

5- U.S. Geological Survey (USGS)

6- Ensemble Streamflow Prediction

7- Ensemble Forecasts

8- Precipitation Estimation From Remotely Sensed
Information Using Artificial Neural Networks
Climate Data Record)

9- Center for Hydrometeorology and Remote Sensing
10- Global Precipitation Climatology Project

11- Relative Operating Charactristic

12- Ensemble Mean

13- Quantile Mapping

2l -0

Ashouri H, Hsu KL, Sorooshian S, Braithwaite DK,

Knapp KR, Cecil LD, Nelson BR and Prat OP (2015)

PERSIANN-CDR: Daily precipitation climate data

record from multisatellite  observations for

hydrological and climate studies. Bulletin of the
American Meteorological Society 96(1):69-83

Babaeian |, Khazanedari L, Abbasi F, Modirian R,
Karimian M and Malbusi S (2018) Monthly
prediction of drought over southwestern basin of Iran
using CFSv.2 model. Iran-Water Resources
Research 14(3):133-145 (In Persian)

Barnston AG and Tippett MK (2013) Predictions of
Nino3.4 SST in CFSvl and CFSv2: A diagnostic
comparison. Climate Dynamics 41(5-6):1615-1633

Borah N, Sahai AK, Abhilash S, Chattopadhyay R,
Joseph S, Sharmila S and Kumar A (2015) An
assessment of real-time extended range forecast of
2013 Indian summer monsoon. International Journal
of Climatology 35(10):2860-2876

Brown J (2013) Verification of temperature,
precipitation and streamflow forecasts from the
NWS Hydrologic Ensemble Forecast Service
(HEFS): medium-range forecasts with forcing inputs
from the frozen version of NCEP ’ s. Global Forecast
System Revision: final,139p

0dgdze ,d calizee (slayd yiw 0 SPI ale slie p JSis
2 A aab S b mowe bbd by casl sy 0-

Wb o I3l d e Cos Mo pd Ar a4y edgae Cpl ¢ o e

&5 4o ¥

@5k el o de (5,0 ol @lie Syt Cypte
Sl o 9 ALI age (A Al (53100 sl sy ST jglase
Al BBy cpl oy SISO b g Jsis blys
BTl qlio (53208065 9 5 S ol 13 o syl 51 (S
adllas )3 Ly cnl 53 8l oo by polie @dall g )L Gliee Sl
CFSV2 Juo Lawgs o w55 (295 (b (slag iy epl
sl 4 3l sy Aty Sy 3 (VIAYY 1) (g5 glauls 090 )0
O"l )‘ odlki ))&9) L’ T )M9L5 Weeo RPRCS ol l.s
o CES B il 290 Ol plle Cupie 3 SN
s i 0 ) W ke &S wad e i Gl sla esls
ol adl )b ) il Sewle wdia ol i alisee
o 3y9] 2 05 Sla i 30l b 55Vl (s (om0t
ool Sy bl yd &S Bdod cpl )3 )13 3529 sy 4l &
ul)""’ Sl cé 8 18 aise labs oKl b dwslie 4o ASg>
oS 39‘»@ s Mo - /5 dgd> L;Laﬁ 9 AJL..bLo N P M
Ol g 2l (lie jlade SUlg, ()L (sla e 5 odlatul 4l
Sz Bl gy wle (B pm gy o Jlesl Sl 4SS
3540 930 53 B (o 33180 9 ] JoIS Bl o ple QM
55 Seilayian (sloJae 55 ool e 511 caud 3500
| yeS (258 (eod Jlein] Cygo 4 oy I adls aw iy yai
Joo il e 5 alale ity (U5 (9 Joid 1B Sy
bylyd 50 g Canl Yoo 3 03y & ¥ ddb 5 ) adb kylyd jo
ol 35 ROCscore ales bl o md b gl ¥ add
0Bl ot )l w30 loj GBIl IS jeb 4 ae oo
b e

4 SPI alos jl odlatul b (6,505 oo 3 398 @l 4 a295 L,
Lld b &S canl 3oy £+ B0+ 2500 5 s 5 5 ooy «Sis

Jop Al i U i Como dab St g Jod B

VAN Glians j oF 0 ylowd (o3 35k Jlw ¢yl sl T aslio ol
Volume 15, No. 4, Winter 2020 (IR-WRR)

Vo0



for Indian monsoon rainfall forecast. Atmospheric
Science Letters 16(1):10-21

Peng P, Barnston AG, and Kumar A (2013) A
comparison of skill between two versions of the
NCEP Climate Forecast System (CFS) and CPC’s
operational short-lead seasonal outlooks. Weather
and Forecasting 28(2):445-462

Saha S, Moorthi S, Wu X, Wang J, Nadiga S, Tripp P,
Behringer D, Hou YT, Chuang HY, Iredell M et al.
(2014) The NCEP climate forecast system version 2.
Journal of Climate 27(6):2185-2208

Svoboda M, Hayes M, and Wood D (2012) Standardized
precipitation index  user  guide.  World
Meteorological Organization Geneva, Switzerland
(1090)

Tian D, Wood E, and Yuan X (2017) CFSv2-based sub-
seasonal precipitation and temperature forecast skill
over the contiguous United States. Hydrology and
Earth System Sciences, 1477-1490

Voisin N, Schaake JC, and Lettenmaier DP (2010)
Calibration and downscaling  methods for
guantitative ensemble precipitation forecasts.
Weather and Forecasting 25(6):1603-1627

Yuan X, Wood EF, Luo L, and Pan M (2011) A first look
at Climate Forecast System version 2 (CFSv2) for
hydrological seasonal prediction. Geophysical
Research Letters 38(13):1-7

Yuan X, Wood EF, Roundy JK, and Pan M (2013)
CFSv2-Based seasonal hydroclimatic forecasts over
the conterminous United States. Journal of Climate
26(13):4828-4847

Zhao T, Bennett JC, Wang QJ, Schepen A, Wood AW,
Robertson DE, and Ramos MH (2017) How suitable
is quantile mapping for postprocessing GCM
precipitation  forecasts. Journal of Climate
30(9):3185-3196

Brown JD (2011) Ensemble verification user’ s manual.
Hydrologic  Solutions Limited, Southampton,
UK,121p

Brown JD, Demargne J, Seo D-J, and Liu Y (2010) The
Ensemble Verification System (EVS): A software
tool for wverifying ensemble forecasts of
hydrometeorological and hydrologic variables at
discrete locations. Environmental Modelling &
Software 25(7):854-872

Chaudhuri S, Das D, Goswami S, and Das SK (2016)
Long-range forecast of all India summer monsoon
rainfall using adaptive neuro-fuzzy inference
system: skill comparison with CFSv2 model
simulation and real-time forecast for the year 2015.
Climate Dynamics. Springer Berlin Heidelberg 47(9-
10):3319-3333

Jones C, Carvalho LM V, and Liebmann B (2012)
Forecast skill of the South American monsoon
system. Journal of Climate 25(6):1883-1889

Kumar A, Chen M, and Wang W (2013) Understanding
prediction skill of seasonal mean precipitation over
the tropics. Journal of Climate 26(15):5674-5681

Li Y, Han W, Wang W, Zhang L, and Ravichandran M
(2018) The Indian summer monsoon intraseasonal
oscillations in CFSv2 forecasts: Biases and
importance of improving air-sea interaction
processes. Journal of Climate 31(14):5351-5370

Luo L, Tang W, Lin Z, and Wood EF (2013) Evaluation
of summer temperature and precipitation predictions
from NCEP CFSv2 retrospective forecast over
China. Climate Dynamics 41(7-8):2213-2230

Mckee TB, Doesken NJ, Kleist J, and others (1993) The
relationship of drought frequency and duration to
time scales. Proceedings of the 8th Conference on
Applied Climatology, 179-183

Pattanaik DR and Kumar A (2015) A hybrid model
based on latest version of NCEP CFS coupled model

VAN Glians j oF 0 ylowd (o3 35k Jlw ¢yl sl T aslio ol
Volume 15, No. 4, Winter 2020 (IR-WRR)

R4



