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Late spring frost cause a lot of damage to the agricultural sector every year. Prediction of
this phenomenon is needed to active protection of plants. In this research, using FAO
experimental method, daily and hourly data of two meteorological stations were used to
determine the coefficients of the experimental model for prediction radiation frost in
Qazvin Plain. also, in order to investigate the climatic condition of spring frost, the daily
minimum temperature data of Qazvin and Buinzahra stations were used. The analysis of
sixty years data in Qazvin stations showed that the intensity of frost has decreased during
these years, but frequency of frost in Ordibehesht month has increased. Air, dew-point at
two hours after sunset and minimum temperature relate 25 events of radiation frost at
Simorgh station were used for regional coefficient calculation based on two models. These
models were evaluated using 14 events of radiation frost at Tat stations. The mean
absolute error(MAE) for testing and evaluating of Modell was 0.71[] and 1.21(] and for
Model2 was 0.6707 and 1.0907. The findings also showed that both models have
acceptable accuracy in estimating the minimum temperature of the next day. It is proposed
that these two models can be used for prediction of radiation frost in other regions.
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Extended Abstract
Introduction

Population growth leads to the increased need for food supply and agricultural production. One of the most
effective factors in reducing of crops production is frost. Every year in areas with a high risk of frost, this
phenomenon causes a lot of damage to agricultural productions. Consequently, theses damage to agricultural
products affects the economic and social security of affected areas, farmers and rural families. Despite the increase
in global temperature, frost is still a frequent problem specially in spring. Like most other parts of world, Iran’s
gardening products also have been affected by late spring frosts since late. Radiation frost is a local phenomenon
and requires a prediction model using hourly data. One of the basic problems in the active cooping against this
phenomenon is the prediction of radiation frost at the local level. Most agriculture areas lack meteorological
stations or have local stations with limited data. Therefore, radiation frost prediction using minimum
meteorological data is required. This study conducted to predict the next day’s minimum temperature with
appropriate accuracy by using minimum hourly temperature and dew point temperature data.

Data and Method

Daily and hourly minimum temperature data of the stations of the study area in Buin Zahara region were collected.
To prepare the regional radiative frost model, hourly temperature and dew point temperature data are needed. Data
about temperature, precipitation, relative humidity, wind direction and speed in a one-hour time scale from
Simorgh and Tat Farm stations in the period of 2012-2019 were collected. The data of Ghazvin and Buin Zahra
stations were on daily and long-term scale used as control to determine the intensity, frequency and trend of spring
frost on a long-term scale.

Results and Discussion

In this research, the frostbite in late April 2017 and early May 2018 was investigated. In both years with the arrival
of a new weather system and the drop in dew point temperature in the following days and reduction in the wind
speed to less than 2 meters per second, the necessary conditions for radiation frost was provided. For this purpose,
the minimum temperature data of Qazvin station in the last 60 years were analysed. The results showed that the
severity and frequency of spring frostbite has decreased. This issue is due to global warming. The occurrence of
the last spring frost in the second 30 years of this period has changed towards the frost in Ordibehesht. The most
common of which was 5 frosts in the period of 2011-2019, which indicates the increased risk of frost during the
flowering stage of plants. Also, the frost condition index in Qazvin station showed that the frequency of spring
frosts is delayed compared to the normal period. While the risk of mild frost has decreased in the second thirty
years of the 60-years statistical period due to the increase in air temperature. This issue indicated the increase of
extreme events in recent decades. The increased risk of plant frost is probably due to higher temperature caused
by climate change.

Conclusion

One of the most important damages to the agricultural sector, especially garden products, is late spring frost. These
damages not only affect production in the year of occurrence but also in the next years. The first step in dealing
with frostbite is prediction of time for occurrence of this event. The minimum daily temperature is forecasted only
for the next 72 hours by I.R of Iran Meteorological Organization (IRIRMO). Due to the dispersion and distance of
agricultural areas from meteorological stations simple models are needed. This helps to be able to fight actively if
this phenomenon occurs our findigs showed that the severity of late spring frosts decreased, but the time of their
occurrence has been delayed. It can cause damage to agricultural products due to the sensitivity of plants to frost
in this period. In the second step, to predict the minimum temperature by using the experimental model in a local
station (Simorgh) which has hourly data, 25 radiation frost events were selected. The coefficients of the model
were calculated using the data of air temperature and dew point temperature 2 hours after sunset and the minimum
temperature of the next day. The coefficients of two models were calibrated using air temperature and dew point
temperature 2 hours after sunset. The evaluation of the models was done using the data of Tat farm.

References
Drepper, B., Gobin, A., Orshoven, J. V., (2022), Spatio-temporal assessment of frost risks during the flowering
of pear trees in Belgium for 1971-2068, Agricultural and Forest Meteorology, 315: 12pp.

Fuentes, M., Campos, C., Garcia-Loyola, S., (2018), Application of artificial neural networks to frost detection
in central Chile using the next day minimum air temperature forecast, Chilean Journal of Agricultural
Research, 78(3): 327-338.



Journal of Geography and Planning Vol. 27, No. 86, 2024

Ghielmi, L., Eccel, E., (2006), Descriptive models and artificial neural networks for spring frost prediction
in an agricultural mountain area, Computers and Electronics in Agriculture, 54(2): 101-114.

Glickman, T.S., (2000), Glossary of Meteorology, 2nd ed. American Meteorological Society, Boston,
Massachusetts, USA. 850 p

Gu, L., Hanson, P.J.W., Post, M. Kaiser, D.P. Yang, B. Nemani R., Pallardy,S.G., Meyers, T., (2008), The 2007
eastern US spring freeze: increased cold damage in a warming world? BioScience, 58(3): 253-262.

Inouye, D.W. (2008), Effects of climate change on phenology, frost damage, and floral abundance of montane
wildflowers, Ecology, 89(2): 353-362.

Katz, R.W., Brown, B.G., (1992), Extreme events in a changing climate: variability is more important than
averages, Climate Change, 21(3): 289-302.

Lee, H., Chun, J. A, Han, H., Kim, S., (2016), Prediction of frost occurrences using statistical modeling
approaches, Advances in Meteorology, 1-9

Menzel, A., (2000), Trends in phenological phases in Europe between 1951 and 1996, International Journal of
Biometeorology 44(2): 76-81.

Moeletsi, M.E., Tongwane, M.1., (2017), Spatiotemporal variation of frost within growing periods, Advances
in Meteorology, 1-11.

Rigby, J. R., Porporato., A., (2008), Spring frost risk in a changing climate, Geophysical Research Letters,
35(12): 1-5.

Schaber, J., Baldeck, F.W., (2005), Plant phenology in Germany over the 20th century, Regional
Environmental Change, 5(1): 37-46.

Snyder, R.L., de Melo-Abreu, J.P., (2005). Frost Protection: fundamentals, practice, and economics, Volume
1, Food and Agriculture Organization of the United Nations.

Lhotka, O., Bronnimann, S., (2020). Possible increase of vegetation exposure to spring
frost under climate change in Switzerland, Atmosphere, 11(4): 391;
https://doi.org/10.3390/atmos11040391

Lungu, M., Panaitescu, L., Albu, A., Cracu, G., Nita, S., (2010). Frost and thaw - Climatic risk to crops in
Southern Dobrudja. Research Journal of Agricultural Science 42: 673-677.

Savage, M. J., (2012). Estimation of frost occurrence and duration of frost for a short-grass surface, South
African Journal of Plant and Soil29(3-4): 173-181.

Muller, K. O’Connor, T. G., Henschel, J. R., (2016). Impact of a severe frost event in 2014 on woody vegetation
within the Nama-Karoo and semi-arid savanna biomes of South Africa. Journal of Arid Environments,
133:112-121.

Smyth, M., Skates, H. A., (2009), passive solar water heating system for vineyard frost protection. Solar
Energy, 83(3): 400-408.

Masaki, Y., (2022). Future frost risks in the Tohoku region of Japan under a warming
climate—interpretation of regional diversity in terms of seasonal warming. Theoretical and Applied
Climatology, 147:473-485.

Khalili, A.,(2014). Quantitative Evaluation of Spring Frost Risk to Agricultural and Horticultural Crops in Iran
and Modeling. Journal of Agricultural Meteorology, 2(1): 17-31. (in persian)

Khalili, A., Rahimi, J., Bazrafshan, J., (2017). Quantitative projection of the probable impacts of climate change
on date and damage risk of late spring frost during 21st century over Iran. Journal of Agricultural Meteorology,
4(2): 38-48. (in persian)


https://doi.org/10.3390/atmos11040391

(g3 Cuid (53 590 axdllan) (3 25 Jowo 31 0L L 0 5lg) (R (5 3o g (i)

Y . Y 1 ) . H -,
Nassaji.m.z@gmail.CoM :aebb) .ol pl )y «cs59LS gy g bjeel «liuiog olojlo ¢ 650liS zugy g LBjgel dummwga sbokusl.)

Il (ol 55,98 g 5 bigel laiiod lojls (65gliS sy 5 sl dumge (Ll 09,8 SluiloY

oS> Ao SN
Sjleye ot i 2y 5isliS Asu 4 ]y 63b5 Gojld o)l pd (Sl dlls o ‘o g5
& o dlpaudiy (2y25 Jde 5l edlaiel b Gimg s cpl 50wl 5Lo 0590 0y pl b Jled o)l (gl (mdinis gy o

Cabd jd (s (So5le g i (2078 Jbo culps (awliblen oSl 50 selw sodly g Bl aluwg
“lig) Sl slod (slmodly jl o)l (Fjloer (sosll Cumdy sy pslile s izpad 25 dslome (9B veLy v sl o g6
Sdilopw s oS > L (938 o] Al £o slaosld Juloo .ai eolaiwl 1 pes 9 (13938 (sboolSiius VEAANN 106,553
Shalio el )'! o3latwl b .l o iy ole Culigdyl )3 (Sdjlo s 485 yloj Slgly8 Lol adly el VNNV 2y g,
oo (slod 5 QLB gy | dm el ¥ pid alads (glod g lgp (glod Jolib o adinis (Sdjlopuw dlas, YO VEYAVE £ LB g
) W 5l ool b Juo 53 (nl g 2355 Al & poges ol 3 Jae 93 ladlaie il s a o)
Sl (MAE) gl slbd bawgio jlade 3l (L gols 3,5 (b))l ae )50 o] 53 (oS (SOl poo

RS C.;Lu (el Dy J‘;L;uLw 4>y VA 9 <[5V Y J.\.n Lgl)‘.' 9 VY 9 <Y ‘\J.\n u‘"“'))l 9 Cowd :ub)‘ew
Slocads ly Jio ol 335 oo Sl 215 1y S Gy JBho (glod (30055 )3 J58 BB B Jho 93 123903 iy o mitinds (S35l
D)5 &l Canlie Jio dilaie o (glp g 0 0l xS (S35lo g (i 53 G0 yedS 500 dga (glod quins abaity (slod

PR

S5 o 3 00laiul b o yley (Riaziid (50 jlo g (i i (V- V)L e ¢ oadlianl £ s (o3 oS> ¢ e w05 2l 3w
A=Y (M) VY ceptalin 5 Lol o((g 3D Cud (9 390 4xillac)
http//doi.org/ 10.22034/GP.2022.52091.3012

By © oy oKl 1t

YAD



JFoFe APoylais JV 5,50 550 yaolins 5 Ll pin VA

EVRY-N

OB e Jelos Sl (Ko 28 )8 S e bl (2138 dlge (el (sl (65)5liS” Gl JIEl Cumer M) 4 25 L
b by ol ony cpl dllo o (Sajlojw (Yl Sy b gl 5 sl (Sojloj (£l g (ol)5 OV pame Mg
5 olal el 4 3,5 oo (6)ygliS Sy 4 Ojlud o LS & (S3jle e bl 3l 5)yeliS Y pazme &
So (Sjlop (Sl o> (I ) el HIS L ol slaodlgls 5 lj)gliS U o Bble (eloza]
Ay g (PIS p Gyl Al )3 &5 0392 Pl 39) 9 Sp)S Hlae Sl (ool Clyss sl Slae Juad 3 1SSy St
A3 i Jpasly bl (V-0 FSDol g oo o Yo 00 O J5i0) Cosl ool slr dlaino 3blio (1550 50 o)
] clmans )3 1) ooy 6yl et csodl U cJuine (ol slagoye )3 .l aalgs Ll o)ley (Sdjle
Lo g, 6 o3 6y s p 0 i ( S3ilo s s (5 by (Solyd 5o ks (Yoo A T ilymmynn 9 (50)) 3 s
ot BB oeldl et 5 30 lod (hale)S b GlalS (Sojlop jder Sy calnle (VAY gl g 3) 0 1,8
(Yoo A Napgul g Yoo ¥ @ o) Kan g o) ol
I gl sl o bl (Tl b 0))le sl 29 5 (st esinaig 595 1 (Sdjloyes b bl > Slasios ]
gy (W) (oly (limd g hgdwel -canl 395000 (£ g (2] @Y g (S3jlop Al (glbainy 59y p Olisios
Cogye el 3blie )8 gz g Lyl 2 (LS gl dged gy |y 2 il diy GEL ojleg (Sdjleyw
By Wb 50> (A )3 gy ey GLEL (sl 0jleg (Sdjlay oAb g9 JIa 5l (ylad  sble e 5 )] s
(e g (gila) widges ) (8 b3l pliel (£l g ol QLS el |y 2o VO g8y Jlal b (Sdjle s
WSy > (ooliblyn ol 03jb (sl 1) o)l (S35lepw g8y (loj )3 Lod n iy (VW) (ySen 9 (Sedisl i (VYAY
G (6 pdun 3> aielo Y osds (gjlodnd (slod 3> Uis guls 55905 2bj)l WRF Juo 5l esliwl b 1) 39, 0l 320
S sy ol ials saiad L VAAF-Y Y Sloj o905 oLl 3 o] JBlas (glod &l puss X9, 30> diclu ¥A 4
d905 pasudio s W (g)lel 093 5 35 sl iy g98g aals g ST S 5 Sloj Slyis (VF v ()San 5 Sig)lec)
Sl b 5 %00 sl (V¥ e+ abld) conl 4Bl (bL 505 g ond el 5395 Gys Jlews 9 Jled (Slg 0 sy
o) oy 2> i 3> LS plpl ) Bais o @bt Bl 3 (g 3)90 S Sy 58 x9y 2 ) el S
0oaRd QRS ol S Saay b (ST slaan 5 (pizmen Sl aalgs BT 5395 g5l 93 pa (el plej cudSTL
5 0dsl £589 b (2ol 1 alBl jesis I 0 (o )3 wizmen (WTAD () g (JulS)ad uals dxlse ole
Al g e gl Chow 038 st (gl 4 ol (LS S 3)S (g olnl ojlee 9 058k laglisy cn 3
93 shilate Cligios gl (VA5 (o, Kan 5 SI5) A5 talgs buls oS pdaw 3 liae) 53yl s 4 o)l Jiisey
aolllas 350 (slmolSisl olod )3 0)lae iz (3T 5 038k it oyl By )l oS dga paseie yedS Gy Jlad
WAV () g 5l pinn) Bl dals 2ol j Glisy g Lopw )9 Jobo 9 3> aalss &) 5395 wall] s Laul b )
Poslimal b ysiS ©ppJled adate aieS lod Clyi pwyn gl (Wer) Ghlen 5 K0 rionen
S5 Aol 4 Cand (Gl (2lod Glyusd 0y o adlaio  Jlaud dass W3g05 (asuie HAACM3 g MPEHS (¢l Juo
g 1945 5> oS gl ol Cuwd 4y Jglite glis Lid )5 3blie 13 0o (S35l 1 orldl S B oyt )3 )13

. Menzel

. Schaber and Baldeck
. Righy and Porporato
. Katz and Brown
.Guetal

. Inouye

DO WN R



YAV Oh&e 9 0)19) (lad | .. yx5 Joho 1 oolisiaw] b o)Ly crbtaridas' (503l ypaw (ot ity

Gl Sl (VoY Qlogn 5 59) 200 3529 5588 ol )3 0)lae (S3lo s Jlad Ll Jloinl osiyl )3 48 ol s
oS 3> 6yt s a8 (b ole S gy b golio 45 31> (L5 4l 5555 55 ol s L 5 (Sl (51
2 Su3h 98 33 (@IS i35 (S 0)93 Jsbo 5> itz s Sy pizpan (YYY I (Slbe) 5l iz o 31
YN T e g 5,0) ol b dn i 568 2o yd YO o8]y Lol s
O Sy sl Jao jlodlainl by mdimdd (353lo puo ¢ suolidilon (gboodld ol gla Juloo il odliiwl b pddocs 5l (golass
Cagby ol Lgye (glod (slmodly g mac 4 Jdo jl odlitnl b (Vo) T S g obié 3905 s (smac 4K 4
S35y (s (65y9liS 4l )3 59y Jobo g 3 gy Sl slod ailjy; (slod puajSTLe (S (glod 0y gy ¢ gpuis
ol 31,8 o dx > SO oM > Lawgio job 4 d)lge Ao > B jd lallad a5 0l LS 2l b6 i 1) o)l
alllas ol )3 200905 gy g Sl Rl 50 05) 0)90 )3 |y (S3jlop SIS 5 Sloj Dl (Y0 IY) PilsSigh g puidge
A Cpend 059y VY g Ve Ner CulS (gl 498 pow dnd U piST Jgl and sy calisee slaoyed o laisy s
Sodlatal b ;503 e 392 455 0)93 (3 SYsb L ST balsl S ()8 Jlad 5 Jlad <555 50 c0pf Bblie
s 1yt ol €80 g 3503 St |y (Silop (SS el ©850 5 Sitacd (g5 s)lel sla s,
aSed Jao gl edlaal b (5505 a3 Gipan (VoW T e 5 J) 392 il 29y (Sojlege dge @ jlaie
S35 e 3blie > alljy; Pl (slod ol Copu g Sz ()L (GRE (o Cagb) dp slos slaodls 5 egias (as
(VA Sl Sa 5 58] 39 31,5 e € /AR J5has o n sy sl Lo ey (5en 3,8 i (e
Ot > SpgS slea lig Jlel B sl 035 0)lay > (S Silope b v Sl 3 5l Gl (£l Y g
Oead Cawl 03505 D)lg (£L CY qazte ogad 4y (65)0liS Y guae 4 |y @ )lud oy i (S05le pw ((ge Gyl
2 a5 O e Olaass Ll b Cand w8l yom 51 S e Gllws & g o |y pd ] sla Sl o cylud cpl il 8l
2 el et Sl g Sy w2 & Syt loolSinn] aljgy sosly Lo g 5o b (Sajloyus b b3yl )5 508
b ot Jie 45l g 0392 (oo oy (oaitiadts (Sjlo s aSll 3 cunl bl lide S5 aw 53 oy ol o)
ow > (mdnds (So5loyw by oy Cpl b 8 oj)le )0 cwlel oML 1SS 0yl el slaedls 1 ool
Gl dgaze glodly b oee (cboolSiws] (glylo b g 009y (cwliblen (clolSiny] 236 (¢jy0lisS bl ST .canl o
030)8 i Buind Cpl 0 adl so 50 350 (cwlidler (claosly J8lus I eolanl b (s (S3jlojm (i ol
plul wlio €8 b day joy S8l (slod s o el pid et (glod g Lod el (sbaosly J8las 3l edlatwl L b cul

S e
4300 yho pid e (89 Pl g o) pdaw (glod &S Cuwl ol (i yai el lgie 4 wlidlen dsliogly jd (S5jle
bl (glod ) e 45 lon cglod & ol (g)slitS 0By 5 4l 5 (Yoo Ayl aslilyn ya50]) dus s 3,5 il
8 &8 9 ol P by S (lagex ©ypo d Vgene (S3jloju Bl salss 5lET (S3jlo s sy olS Joou
Sy g5 ol )3 sl Sy ol )3 3 (Sl drez 39)5 4 Sl (S3ley (Ve & Kan g 5 SY) amd o

. Lhotka and Bronnimann

. Masaki

. Drepper et al

. Ghielmi and Eccel

. Moeletsi and Tongwane

. Leeetal

. Fuentes etal

. American Meteorological Society
. Lungu et al

©CoOo~~NOoOOUhwWwNE



JFoFe APoylais JV 5,50 550 yaolins 5 Ll pin VAA

cos il gge Job GE ol (diads (S3jlopw ile dalg (b Lalpd cpl )3 jg) JS g 00,8 by (il (sl
125 s Jgbo )3 Tsm (gled (Sjlop £55 ol 93 sl o ety by T 3 Cannidg 5 oyl i s (Bl losl Loyl
S3layw 8y Jlais b olaead 3 (Ve 00 Y gplgle g ulisl) g salgs oS lo 42 )3 sao (YU jg) Jobo 12 9 yieo
Fso 9 VW Tges) Conl (oro (S5 05 sl Sag 9 2l Gisy Olowsl slod ()l eg2 o )lnly ool jB ,Ld ol s
rinis (Sdiloyw Al )3 03gs pdy el B3y ) Caang 4 Ao g5 b slagus (Sdjlojw gy (YoVE T,
Lojle Lol adlcas g olSal sl (S3jlop b ojjlie dxySToa)ls (e iy @ 55 g 03 &) (oo aw
sbaoile jlosliul (Jld oj)le (slasby) cn Fare jl o9 w8l pd Sl JUb (sl g, l oolitul b (s (S35lo poo
S Babgy cpl (Ve e el 5 Colowl) cunl sy slacud Job b Jd ) (£l slacsybo g Shb bl «ol
YU o b (ndndd (S3jlop (b calpli pold (S3jleps 38 imite 4 5l Wl ) edlil (dlyy g edg Ay
Cuwd JIL M5 o (ljl el Slg5 oo ol Sl dniie 5 Cootly sl ol5HoliS lp oSy cul b ojile sl

23,5 3 3l iz b IS o8,

R34

axdlle 8 590 dikaio

0,5 ool 1y ydgy dalaie )> ddlllas 3y90 dilaie (glaolSiu] dieS slod elw g ailjsy (slaodls | Baiss pl (olp
ol e Cumbge izmen usl oad @Y Jgto p3 oo ol ()bl 0y90 Job g bl Slatke b
0393 9 0392 41005y cwlio L CutS 6 S0jlul g5 Jas 5l LaolSn] ) slaodls awl ool V S5 ) LnolSituns)
slod g bod sl sodly & 5l (gladlaie | miimds (S5lo o Jdo agd (sly losls idgy 551y Jl O+ 51 i cosenils
Se Sloj lide 10 1) 3k oy g Cae emiughy (Bl dod Sl b as 50 5 & pope (SrolRi] Canl pind daii
2 Sdedids g wliey olde ) 50 L yde o (1938 (slaolKimw] (slaodly picmen 3yl YAV=Y N Jloj 0y90 j0 diclu
W ool e Al wlide )0 0yles (S5l o gy 5 Slolyd b st (gl bl lais 4 oK) 90 (pl 5l g 009y HLis

axlle D90 dhb@&a{l Méga (\ ) JSGS

1. Snyder and Melo-Abreu
2 . Savage

3. Muller et al

4 . Smyth and Skates



A4

OB 903195 (bl | ... 0 ym5 Joo 31 oolisas] b oylgg (criaridd (50300 paw (Soons s

03l 5590 (50| Colasiin (V) Jgua

(o) gyl | oWz Job | oldlde oy | ol g9 | oyl oS | ol oU | 13,
YV T o' e TEVEN £y 9 )
WA Woa-® YA” Yo° Chden aayyy JESEW Y
s v 0.° a. v’ (H298) (oo - & yomw Y
VYA -5 0.0 ar’ ya° (HB263) oo - obasyie ¥
05le Ny Eg89 Cundg

gl e 2alS Liad ol oyl .0 eolatuwl J:t)}i olo (glaodly 3l ddlaio pl 45 0)lee (sl laiisy Cundg (awyp yokaio 4

Solel o) Jsb & 425 b bled 3)ly ylud (£L Y guae & Bl oo 2 Bl 42y yio I a8 (slad g 03g Allate
W3,5 Aol iy (slod Ll g £o b xS las wlaad oK) 50 cpl )0 1250590 5 (1938 (sloolSiu]

SHlod Jlu &y
5 Jlo g Sglole Sl ol ST ob)l8 cans 51 53,5 )8 Jloolo 325 1 o] slodl 5 Il & col Jlo glod Jlo
@lod Jlo o (b 3 o sl Ghisy o3 ojler (s ghiSe iy nl b Al oo dm Jlo 4895 ole VY o (LY
Slyesss ¥ S8 53 (YA (L) a2 ) jlag 3151 b e 310l 53 cunl (1Ko (pllyax (208 s g Wl (551
058L oy cn 3l g o)l slopw Gyl olpom 4 015 (il a2 > Jio pled Wbl b (pled Jlo olul p Sl (slod
el odal Yoo V=Yoo A Slod Jlos p3 oS olSins)]

-30

wbs Jlo

oo 9 31,8 lw an ;3 Jhuo (olod bl (gl 1925 migs 0l ;3 Yo e V=Yoo A olod Jlw 15 J8las (glod Ol puis -Y JSU5
Ol (31 9 o]

Z

_ (TDN);—TDN

4

SDrpN

O3l g Curdg Sl
2 Oszed Sl (£l SV gare CuiS drwgi gl mlie Hlxe dilaie Sy 0 0jlay o (SOilew SlslE
Sl el (6y9p8 5 3V 5 dilaie Sy )3 290 SISl (Sdjlepe b Jlbjed g Jlb 0j)le (sl by, (5500l
o3litl (V) dolro &0 4y dmy 9y Jlane eSS olul 2 o)l oy (S35lopes (BT canliol (slage ) 1 jglaio ol
Y20 ) Kan o LI AYAY (L) 15

(V) Wslso




JFoFe APoylais JV 5,50 550 yaolins 5 Ll pin 4.

Jlo 653 0)lae oy 0> s E585 2 )b 2led S osled (TDN); L pypmo Jlo G 53 (g 005 Jloms i Z
0393 ;3 olod o h (TDN); (slagu b (sla)lre lyssl SDppy g (bawsie gu,b) Wajgy 0yles (uSilie TDN . pase
il o 08un] o ) dalllas )50 (cauldl

Lo oo 03031 431 ZI<0 STl Jlos baslyid 5 0392 Jomo (gonlil smnb (5Sikie ille (6o slo oo (31 2L ZI1=0 31
Ui 0k g 0392 (0le ) 5l dm slopes o (L5 Z120 sl ged 35w (b 5 At £585 & awgie ) 51 LS
(0<Z<0/25) auis- (Z<0) szl jlas il Jlaz > Jlo o gl (S3lop jlad (a3l3 ol bl 2 Geizres il o
(VR0 lSan 5 s A ¢ L5) ol 005 strdinns (Z51/25) 1y 4 (0/25<Z<L/25) o

WS (5lod (il Juro

by, plxl sl Y ulis o3l )50 )3 B les oo SaS (559l & o)l P L ojyle (6l e’ slod (s
@ 0ad Sl (2285 Jo oll p Jie (l 00)5 oslil oo Jue Gl pslate cnl sl 555 4 ]y b o5 )le
(Y) dbleo (ol y (ordindis lliSe G iy 6l (A, 0, €) ol s (paes0 (gl g Canl (Jad Jae S &S FAO aliog
(Vo0 eoplsle g sl Al o

Tmin=(a*T)+(b*Taw)+C (Y) Holas

Cgpe dmr el 93 53 winds dlati (clod Taw «olidl Lgye dw el 93 3 lgn (clod T ¢ liiso s > JBls clo> Tinin
ol i8]
e Pl glod g sl Cgyl 5l am el g3 )0 i abals (lod g lon (clod  oulsl (cla o 5l o3liiwl b Jio ol culys
S slp g FESTXIS aaly jl Je (sl (sl 3948 o0 0,8 dilaio j )3 (onubindi (S35l ps b (sl 3wy o 03
Je oyl i ooliel dm 59, JBhis clod 9 GLdl gye 5l am el ¢ i aals (clod g Lod (slavodly I (gladlaio colps
Nt ol ey g sl il yd o5 lacad 3 calpls ol g8 LB @85 Gl (il (S35l p st sl Byo
YAY=Y N Slojoygd 50 0ylee (caddindid [ S05lo yus 2105y YO dlawi jolaio pl (gl 0l (65508 CBd oo 0390 abl 2o ¥
o302l b Jo Caul ¢ o ol 31 56058 0 ol5tn) el 93 o o) & g7 b 23,8 IS5 £ pms ol 53
A ol b o] 50 (305l s dlasy VY

Juo & Shes sl yLro
cays {RMSE) "l clagyo xSles yin (MAE) llas (ellad Lz (bl ol jaslis I Jao cds b)) jskiie &

imd o 1) 1) 36 (bl (el lime alasly & 1Y cloadloleo 13,5 0lisil (MSE) ¥ ioud (sllad Lausgio g (R) ¥ Siamsand

1
MAE = ;Z?:llxobsi - Xmodelil (Y‘) adalae

1
RMSE:\/;Z?=1(Xobsi - modeli) (i)hﬁm

1. Mean absolute error
2. Root mean square error
3. Correlation coefficient
4. Mean relative error



14y Oh&e 9 0)19) (lad | .. yx5 Joho 1 oolisiaw] b o)Ly crbtaridas' (503l ypaw (ot ity

R _ Z?:1(Xabsi_xmadeli)(Xmodeli_}?model) (O) A, e

\/Zril:l(xobsi_)_(abs)z (Xmodeli_)?model)2

1 Xobsi—Xmodeli
MRE =137, |M () ilea

Xobsi

ol lodls Sax N g o Lawgs 0313 0ad 391y ¢ (sloanlise e i) 4 Ximodel 5 Xobs

Losts Jukxi g 4 %

1A 9 1FRY o e 53 5lo pw (oSS

o) @l )8 £l OV game 4 Ohlus o 1 pde ddlaie )0 o)ley (mdimdd  (Sojlowe VWA 5 VYAV la Sl jo
E999 czu b 0 Gl g & yeumw o] solo (SW,b 5 0L Cao i aladi glod don (slod sl slaodly jslaio
DAL L Ism de S6 3959 b 3lid ) el pgd ) 3 w3 e LIS (eaidinds (Sdjleju SliS ) (sl U g & e oKl 93 5
S Fy e Ay pow 5oy gl H0 Al p e ¥l eS 4 0l sy i it 5 i dlai (glod il g oS
iy bame ez 5g) e )3 e dlai (glod 25 28l 5 T ol polas Lo 4y dod (lj31 2929 b pows o) 10 Ciien

o £ 4 rind

3 N 3 3 5 5 (46 5 20} ol ey
10 L < = < (o o)
(cel) o Tl sl

& you D] WDIYAY (132,9,8 YA JITF ylaise 33 o) o Connd (59> (S sutie Ol puuds — ¥ JSKGS

$9% yiio ,lade
[62]

0 y J
> B 9 8 2 8 2 o S
5 2 8 g8 § 8 8 8 g 5V8g 2 (b 2 70) ok e
= T 2 > z o 2 > z o k< > =z e} Z ~ d g d
10 & < =z < k< < < < (e o) 5L
(celo ) pboj e sl
) alass sloo

U o] PIYAY (133,958 YA JI V5 lidn 4 loj d Cannd (69 (S sutie O pouts — F S



VFeYe AP0 lois oIV 0,90 o5 yaolip g LS sk \4Y

S97 o lado
o B

0 hrr¥rrre oy 7=
» B O B O E o) o) ] o [ I = o))
-5 w O W O w o w O S WV/O WO W O W O w 9O (436 5 ) ol ey
$2825282528252528382383 | mmecron
-10 < < < =z < z < z z = = e ee) 5k
lga slos

U ol ! PIVAN Cuigud )1V JIY Glaisey ;3 (g9a (gL puiio Ol gt -0 JSS

cslos cdl s 4 pyla> 9 pom oy 50 ol okl WWAA Lo syl V IV 20,6 15 1) (oon (sl pusio ol puss & S0 o
3 0% 59 0> Ooeoren 03,5 bie (rdiaddl (Sjleyw £989 sl baalpd b dosd s 30k Copu RS g i alal
433 o (sled o1 b 29l 5 35 5o 3 s J S & pind el (sled 3l L5 & as e cslod (I3l 395
S sy 10 )51 00 (slon dpus 959 Ciyguo 0 aS ABd o L3 O JIY IS o (So5le e (sladlasy ol &y 0l)S e
b (S3jloyu (sl oo bulpd 23,5 dgalse Blo plowl g3l cae o LialS uimen g i dlatis glod il b

W INEY PSPt

Pl slod b o bl Of i
(Oasy cppuad Jold laisy sla asli s e lis pe38 oKl (gl ) JBls (gled sla sl clyuxs ¥ Jgls
s gy pgd And dw | i awyp D90 Sloj 0y93 gl amd dw y o)lee laise dlis sl g ol dls, o 3

ol azdly Ty Slglyd oy yidin (Yo W= )R) 5] dmd 3 olo Cuiigusdyl )3 5,3 Sl as )d yao 1 g8 (glod sladlas

2938 oyl pdl aad £ 30 iy At s el Ol pudi Y Jgus

bod g ol and
VA5 -V YAVY-A. YAAY-A. YA -Yewo Yeed-Veye | Ye))-Ye)4
(77 ) S8l (slod 08 -y -y —-NI¥ -o/8 -5 -¥/s
s oled Jlw ojless YYa yya YYY¥ AArd YYv yyy
Oldisy Hlis
TN TVRV- I CES Al B s AVAN \YO0/\ /5 NrZVATA VWYYV /F YWAY/V /0 NRSVATA
(9,) sy slod olas ) lass YA T4 oy At ¥4 ¥
Shso 3l f )b AARIAVAR) VYOA/Y/A NrZZA70 WYV/YN0 YWAY/Y/A \YAA/Y/E
sy T ey Jlo ojles A7) YVY v5¥ VA VY v5a
oM
SMso g98g cp 3l sled -\ - -/ -y —-I¥ -y
()
2 (Sdjlo sy slass . \ \ \ \ o
(59)) ole o)




\4y Oh&e 9 0)19) (lad | .. yx5 Joho 1 oolisiaw] b o)Ly crbtaridas' (503l ypaw (ot ity

Fjlo g Cardg Sl

9 (n93 oliuwl )3 (Zi) dar g 048 jline yuiie e adlllas 3)90 slaolu] )3 (S3jlopw Cundy (s slaie &
2 sl ol pasudo il 93 (al V9 & JI] )3 (Sajlo s cnliol (slag,b Jlg ) 08,5 )18 )y 2090 [yj0rds:
483 5 53 333 ¥ pgd all w5 33, ¥ ATTA-IASloj 093 )3 405 o)lae (Sileys 03T 235 0 51 3938 ol
S aSls j0 Ll ;3B L (Iojlo s siiio $o8g (Jglyd odimd Ll oS diwgm 589 4 il And SO oIS, Y g 4B
Dy Al Jol Al w dy Cond pgd Al o jd Mo sla S3jloyus oy

3
2
1
3o | | | 1l
,\',‘ R R R R R R RRRRRRRRRRRRRRRRRRRRRRRR
W W W WWWwWWwWwwwwwwmwmwmwmowowowouwouwouwowowowowowowww
Q1O BE R PPRPRPROUUUUDNDDDDNNITNN0K00ONON0OLOOO
PN RGNNSO QN RGEON S QORI 0o Wy .
Wh#hhhmmmmmmmo‘\mm\l\l\l\l\lOOOOOOOOOOkaDkaO"".‘.""“*'-
D |OP WO NORPWINORPVIUINOPLPWUNORLOUNORL,RO®
ot Ha
A i
o Jls
=l
““‘HA—%Aab}°)93)3w5}55m‘)32|WQ'M‘—;JSM
2
1.5
1
0.5
:3 0
“«_05 = = = = = = = = = = = —
N T & & & & S ] ] ] S S ] ] »
-1 @ o ® T @ ] o o = T P o v
© © o) © © © © © © © © ©
-1.5 ~ oo © o == N w S al o)) ~ [e3) Sl
2 e
25 e
b Jlo el
IFAS-AA Sloj 5590 40 15 mig ollum] 33 Zi yuitin Ol punts Y S
. . &
AoS 5lod (o it Joho

s, YO oluws Jolis dliys ol 4 (6399 (slaodly .13,5 ool FFST.XIS aob s 5l 0 les cadniis (S3jlopus (i s 51y
s alads (clod g 1gn (glod (gbaodly I jolaie pl (gly gy & poumw oliun] D VAY=Y VA Slojoygd )0 (rabimd (SDjlo yuo
bt (533l g8 Lasl s (ly Jdo ygmmnl pedlS ol g 03,5 ool das 59, JBlas (slod 9 B Logye 5l am sl ¥

ol 0dal £ 90 &Yolee 3 (el 3L g STl 2518)

T,=0.183*To-2.5 (0) dskes

Tp=0.183*T+0.083*T4-2.3 (F) ol



JFoFe APoylais JV 5,50 550 yaolins 5 Ll pin \a¥

5 S EL Y o) Jao i s (F) 9 () dolre dllie (pl 53 sl A

Joe b))

3 by 390 b as 5o oK) claodly 1 oslitnl b § yosw o] 15 ool Cowd 4 sla Jao ¢ Jho b)) jolaie 4
o 53 Jao 90 gl 9 13,5 Gl ©b de e o] 3 (s (Sdjlo o 5y VF ol jslate oyl (ol )8
5 Cond dloyo 93 0 3T ot ol el sl o2l ¥ Jgia 53 Jue 9 po bl (slagasls b L)l ¢ e
Jslis clod 59l 13 (e 5YL B> Gbdl Lgye jl am el 93 50 wind dbai (clod 5 Lod wll p b oo 51 odlal obj)l
)8 il ax > /AL g /M LS a4 Y 5 ) Jde cud gl RMSE 123l jlade ¥ Jouo zols yulwl ol lis ds 5,
Y Jbe cus sl (R) oy o pud oGl D15 lo as pd +/AD g «/AA ¢ V1) sl Gl ool oS amd o ()Ll s oyl s
(MAE) oo ol bawgio sl .ol Oldl Cgyé jlam celo ¥ )3 lga slod 4 ot (slod /Y Siunly ;I S
Dgr Jde cawlio €8 osimd lis &S Cawl 3,5 Bl a3 /EY 5 VY CS gAY o) Jde Cund gl

as 50 olmn! 31 03Wiawl U Juo (U5, 9 & ponw 0] (00315 U Juo Cand (13 (55b0] (gla bire gl -V Jgus

MRE MAE RMSE R Jue 0903
\IAA IV < I Iy Y Jse
V/aa .I5Y A .Jov Y Jao
Vv V¥ V0o .Jov Y Jse
L,
<A VA V¥V vy Y Je w2
: .

3959 b Jlo 93 32 53 CES 518 (qw)p 3)90 VWA Cudiged)l bilgl 9 VWAV ol (239,835l (S35l o il 3aoS (] >
Lulyd 4l jie V5l 58 40k G p (Al Gizmed 9 A (Slajg) )3 s da slod Sl g e (S9 p SS
A5 oo aisdS Jlo £ 30 pg38 oS! J8las slod (slaodly jslaie cpl (gl 0,5 Lpe (adixidd  (Sojlosmw sly piY
am cpl il bod Slea (inle )35l U gadge (pl il a8l ialS o )lay liisu g68g Slgl 8 g i ol L s
olo )3 ks Cuows 4y pgd Sl (o )3 0o it B EsBy (maled iz 0 2l il oo Ll ST 5 (Sojle s
Sl yhas iol53l oaimd L 45 03g) Yo IV=Y VR Sloj oygd 50 lhisu O slaw 4 )] o it 45 aid olecudigud))
S5l 585 Gloj (gl &8 A (L (938 o] )3 (Sdjlo s Cumdy (aSLE (pizren el LS (215 als yo >
> ol 5o 6T 053 pg3 o o 53 oDl (S5l o oSl 3l 031 i35 4y o 0350 4 o ol
aS b plSad o pl g il glaand o o By il saiad Hlis gadge cpl .l Bl jials laa gled i3l
ot by Sy plpls ol p31 laams )3 Loy yid (oS 1 (26 g 039 (V2 rA) Shonyg 5 (o0 oS
(Y1) oo 555 (¥ +A) g 35 ol 25k Jooeo 3155 o ol 3 3 o305 (51e3 alesS b alS (S35l
Sdloye (St o)l o (S OB 5 £989 (Slgl S 3 Gl 4 dag bl oy (LS ) g9dge ) 56
Ao 0 dolre clacu o jl (SOl odel 0y55 Jhe aml S Colps £ 9 0 SYileo 3 il o plaed] y  dmdia



ARYA Oh&e 9 0)19) (lad | .. yx5 Joho 1 oolisiaw] b o)Ly crbtaridas' (503l ypaw (ot ity

bt (Sd3lo g o i oyl pls g OBl gyl jlam el ¥ lga (slod m awlidlgn o3ls JBlus b i )3 Jde
el el oy nl £589 5l S cslu A

ods S Y o) elaJie oLyl 5o lol slayasls gl 5,5 edlatul (o)l (cla yadls ;I s 93 c85 auglio ¢l
D Jod bl cdd ¢ pouw o] (gy0glS Ve dgis alold 4y (glaalaio > Juo g0 pl &S Dged asuie ¥ Jods 50
b 5255 e opign o ) 51 1 4255 b ol ) Sy g ¥ e 208 (518 1 ST (i) gl (g
9 ) sl Jde (gl s (sloodld o 13 00,5 o duogs 35 ol pl 4 05 5 Al sl S > Sl eslawl ISl
b lp s ol a3 sl 1) 5,5 obo do )3 V51 a8 (lbas o 359 (claodls o3 A g a0 d VY Cusyi 4 ¥
Jie aS ol LS Ve F ST g ok Oliiss b duslio > 3uiod donis cpl dgr Jolid 1y baosly 1oy £F 50 Jio oLl
2olie &S Y 5 ) sl Jue oLyl g cuns 3 (RMSE) las oy a8 Glayge (00ke ymicrod cCuwl aily 1y (g by <85 ¥
4> V/AQ jlade a5 (Vo A) o) en g uiiBgd liuind dons b dunlde )0 g0 51,5 olo dnyd +/AD ¢ V/00 JBlis 4 iSTas
s 1y g pcule ey ol ol ol § sl

S5 A

@ od)ly Sa)lud Cusl o)l ()23 (S3lopw (Eb Ygae (ogad 4 (55)5liS GiSu 4 edes ool ) (S
b oj)le 53 pI8 gl sl HHS 51 ados (ggy 3 dm sla Jlo 3 ol S aSdy ) o Jloo 50 bl &5 (6559LiS Y guao
olejlo b o] ol VY (sl gy oo (slod (st 42 ST cusl B8y ol g8y ploj motar (Sdilep
9 oolidlyn (hodon (sbroliu] 5l (55)liS” Bble (39 )93 9 (SWSTp 4 g b bl 2pdy o jg0 oS (wlidlyn
lon apeS” (slod ity sl (olilon cloodly Jlis b odbs (gloJae 4y 5l (mdiadd (S3jlojus 0y £o89 (imed
oaRd (S35l p g8y (Sloj 0)9 Il B (nl 53 33,5 walS Jb o)l (Sl oy cnl 589 yg0 5 B LBl 392
Ol Al Fo (slovodls 5l 938 ol cuwslio (Sloj 095 Jsbo 2 drgs b .85 )18 gy 3)50 L) (S adlate )3 o)l
o)ee oy > SBSjleyw 33 (Ui gt 3,5 edlatul (S3jlopw oAb g 2 gy (n )3 )b owyp sl o]
S0 0593 ol ) s & 0lS Camlus loj 4 dgi b oS 03l 131 4 il g5y g, Lol e3ged Iy (008 s
sl G > (255 Je 3l odlatnl b dieS” (slod dw i (sly pgd Als o 13 00,5 (6550liS WY guasee 4y &yl csly
5l oolainl b Jao colps 0,8 Cbasl mdads  (Sdjloymw 2lid ) YO sl ol el slaodly gl)ls &S (§ o) doeo
o3l b Jdo 93 Colpud b e dms 59y dineS (slod g OLBT Logyé 5l am sl ¥ s abaiis glod g lga (slod (laodly
ploxl &b ac 50 (slmodld 5l oslitwl b b Jae oyl -23,5 0,8 bl Cgye 5l s celor ¥ gind dlaii (slod g oo (lod
Celio 93 piadd dlads (glod 9 Lod (63959 b Jo (puiomad g owwlio 83 (glyls dalais pl gl S 93 2 0l L oS
Y o len clod (63503l b1y dm 59y aineS (slod ailgs oo 3blio ol )3 ol559liS wcubly (¢t B «olid] Cigyé I dw
s (53jlay sl a5 a0 i) (LS 45 3905 drgs lh led s o B <8 b T gy s el
cghadlate Jho g3 4 dr g b ol 01555 i ) Jhe Syt dae 99,9 b (SUpl 50l Comdg s 50 )3 5 035,
S (S5l i 30 35 1555 5> s lyy Jae ol 33,5 o Slaii (puliilyn oIS (slaodls 4 L5 5
20,5 &)l Caslio Jdo dabaio y (sly g 0,8



JFoFe APoylais JV 5,50 550 yaolins 5 Ll pin \RYZ

&bo

Wi obawl jo iy gl o)les ol Sojle e gonuay o g sy ((AYAY) ey Soly lass (LS lgaal
FEVEYOY )+ (V) cgleb gdng ¢ Ldl i caloeo

0393 g 3l eoliinl b (ol Sliluogs (65Lu KT (VE e +) . izme o)lg5 (2l taazma e Cowgdinds 55 15 5 sig)lee
FY-BY Y OVE) 50800 1 g Ll yir soke s piid (oLl 5 o8] 160,50 dnlllas) 5 Juilins] Jlo i iKed

aeils 5 9,5 Olysd oy ((VTAY) oblo oolipinn; oo adily o) thamma e Cavgonnljoi ol oIS jhex
Slble (olad Jolow a5 (lal @8 Jled 5o @eldl joss Ll i cod (65,5laS 50 Fge Slaloyw 5 baplany
Fa-2F :0(F) oo

39 dipeS lales Dl cwyp (Ve ) pile ooljpin ) tdumme aldaly olo) tdese e Cangaand o5 ¢ p0ls PICOTRv-PES
ol 41525 HAOCMB, MPEHS oz slo Jan 5,5 )l 188 oliiags 3 esliz L 528 o allas
YooV YO(VY) (54l o g LSl y2

=103 QLS (Soilerw £585 Slaaidi angd 5 oy OV VAF) 000 (oS aylls sy IG5 L) (2L2) 0l5 (5)La>
AVYEIYD F(Y) e bl 5 Lalim (of olmldl plisl ,s £l s

st iy Sy 3 85 el s Jaoen S5l (S (5,55 ey OFA8) ol Ll 5l s tsle el
FA-FANO) o55,5laS (olidlen &y 325 (Gl pl )0 050 5 S (1,8 (b o)l

oliblsn 5 Sl 55 B 5 el Yo olay (Fojleps Sy il 5 a8 s, OYAD) e LI
AV-FY X)) g pslsS

@bl el s S iluancd (VYA7) Glow (gog0ome thazmo e Cungain )53 59500 Blro (s )le taeme Sl
AV-AF £ (F) aome Dbl 5 Ldlaz olnl o)l 5 05ml sloglansn 2,515 odsl €585 2,6 o

o g i 03 il 5o iy g 985 anT 5 5T S5 9 Sloj &259F (1Ldd Judod (VF+ ) e 1 sl
TIF-Y¥ YO(VP) (g3 ya0l o g L8l 2>

s s b st sl WRF Joe byl OTAA) | edome Slpbol pai salilcans oly ols g ol e Slodol i
AEYSVAY DV (V) b sLdlyax slo imgh 09,0005 3l ade> j0 ( Sojle

Drepper, B., Gobin, A., Orshoven, J. V., (2022), Spatio-temporal assessment of frost risks during
the flowering of pear trees in Belgium for 1971-2068, Agricultural and Forest Meteorology, 315:

12pp.

Fuentes, M., Campos, C., Garcia-Loyola, S., (2018), Application of artificial neural networks to frost
detection in central Chile using the next day minimum air temperature forecast, Chilean Journal
of Agricultural Research, 78(3): 327-338.

Ghielmi, L., Eccel, E., (2006), Descriptive models and artificial neural networks for spring frost
prediction in an agricultural mountain area, Computers and Electronics in Agriculture, 54(2):
101-114.

Glickman, T.S., (2000), Glossary of Meteorology, 2nd ed. American Meteorological Society, Boston,
Massachusetts, USA. 850 p

Gu, L., Hanson, P.J.W., Post, M. Kaiser, D.P. Yang, B. Nemani R., Pallardy,S.G., Meyers, T., (2008),
The 2007 eastern US spring freeze: increased cold damage in a warming world? BioScience, 58(3):
253-262.

Inouye, D.W. (2008), Effects of climate change on phenology, frost damage, and floral abundance
of montane wildflowers, Ecology, 89(2): 353-362.

Katz, RW., Brown, B.G., (1992), Extreme events in a changing climate: variability is more
important than averages, Climate Change, 21(3): 289-302.



\av Oh&e 9 0)19) (lad | .. yx5 Joho 1 oolisiaw] b o)Ly crbtaridas' (503l ypaw (ot ity

Lee, H., Chun, J. A., Han, H., Kim, S., (2016), Prediction of frost occurrences using statistical
modeling approaches, Advances in Meteorology, 1-9

Menzel, A., (2000), Trends in phenological phases in Europe between 1951 and 1996, International
Journal of Biometeorology 44(2): 76-81.

Moeletsi, M.E., Tongwane, M.I., (2017), Spatiotemporal variation of frost within growing periods,
Advances in Meteorology, 1-11.

Rigby, J. R., Porporato., A., (2008), Spring frost risk in a changing climate, Geophysical Research
Letters, 35(12): 1-5.

Schaber, J., Baldeck, F.W., (2005), Plant phenology in Germany over the 20th century, Regional
Environmental Change, 5(1): 37—46.

Snyder, R.L., de Melo-Abreu, J.P., (2005). Frost Protection: fundamentals, practice, and economics,
Volume 1, Food and Agriculture Organization of the United Nations.

Lhotka, O., Bronnimann, S., (2020). Possible increase of vegetation exposure to spring
frost under climate change in  Switzerland, = Atmosphere, 11(4):  391;
https://doi.org/10.3390/atmos11040391

Lungu, M., Panaitescu, L., Albu, A., Cracu, G., Nita, S., (2010). Frost and thaw - Climatic risk to
crops in Southern Dobrudja. Research Journal of Agricultural Science 42: 673-677.

Savage, M. J., (2012). Estimation of frost occurrence and duration of frost for a short-grass surface,
South African Journal of Plant and Soil29(3-4): 173-181.

Muller, K. O’Connor, T. G., Henschel, J. R., (2016). Impact of a severe frost event in 2014 on woody
vegetation within the Nama-Karoo and semi-arid savanna biomes of South Africa. Journal of
Arid Environments, 133: 112-121.

Smyth, M., Skates, H. A., (2009), passive solar water heating system for vineyard frost protection.
Solar Energy, 83(3): 400-408.

Masaki, Y., (2022). Future frost risks in the Tohoku region of Japan under a warming
climate—interpretation of regional diversity in terms of seasonal warming. Theoretical and
Applied Climatology, 147:473-485.


https://doi.org/10.3390/atmos11040391

