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The impact of temperature on productivity and
economic growth in Africa (Nile Basin countries)
under climate change (1991-2023)

Abstract

This paper aims to determine the effects of climate change
represented by rising temperatures and disturbance and
irregularity of rainfall rates on the growth rates of labor
productivity and total factor productivity and thus the economic
growth rate in Africa (the Nile Basin group of countries). Data
sources were (PWT 10.01), (ILO) (ourworldindata.org), Panel
Least Squares was used to estimate the three models in the
period (1991-2023) , the paper concluded that there is an
inverse effect of temperature on labor productivity in the Nile
Basin group of countries, this result agree with economic
theory, there is an inverse effect of temperature on economic
growth in the Nile Basin group of countries, this result agree
with economic theory, and there is a positive effect of
temperature on total factor productivity in the Nile Basin group
of countries, this agree with the study (Donadelli et al, 2022)
which states that the effect of temperature fluctuations is
negative in North American and European countries and
statistically insignificant, while its effect is negative and
statistically insignificant in South America, and the effect of
temperature is direct and statistically insignificant in African
and Asian countries. But it does not agree with economic
theory, The inflection point of the function is (Temp = 23.95),
which is higher than the average temperatures in different
regions of the world, The effect of temperature and rainfall has
a significant impact within the country, especially agricultural
output, but the effect of temperature and rainfall in a particular
country can affect the gross domestic product in another
country, especially in low-income countries that depend largely
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on the agricultural sector, and the state of the Egyptian
economy depends to a certain extent on the rainfall conditions
in Ethiopia (De Bandt et al, 2021). When studying the effect of
temperature on labor productivity and economic growth in
Egypt separately, the result was agreed with the result of the
study, as the effect of temperature was negative and statistically
significant at 1%.

Keywords: Temperature, rainfall, economic growth, labor
productivity, total factor productivity, Nile Basin countries.
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https://ourworldindata.org/grapher/monthly-average- @}d\ B)ES

e gl Bl clagy Jawgic lea o35 surfacetemperatures-by-year
bugie pind 12 e dedilly gy S8 Lgdll hall clay goane Pla
dull mes Jsaly (2023 —1991) Al sl Dogiadl shall sy

g Byde (s2aY)
ey M adsall e e Jsaan) g :jlad¥) Jgha ol Jaghu Jue-3
DY) Lagtu agia il 12 o Wgiandy Lgiadl jUac¥) ana dadd Pla
https://ourworldindata.org/grapher/average- dga BN

precipitation-per-year

EU e DAl Caal Jaugie o Ble 85 :GDP Alaay) Aaal) milili-4
sl il 4Bl o Jpamall sy MaaY) Jael

Penn World Table, (PWT lglly Ao Jsaal) (Koo :dalald) daliil-5
Al Sl ls Al SlanL allad) Jos dlgs 114 J dalbie a5 10.01)
2 (ILO) Llsall Jaal) Aadaia cilily e slaie¥) & o<1y 2011 ala
Bl Lol lillly 2024 1 1990 Zie o allall Jso gl dalbic
Jelall Gclly ) pnan e
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z sl -6
(Wl el Lalis) s cJand) dalil sal ale dagy olai®) galll jias
Sl dald) EDE Jalsall (e 6 il Lexie L Jalgall 20U Zaliy) sa
M e phall cilayy il duhal ales Jolis wae Ml ¢ galaiBy) sl

Lo lai®Y) sl ¢ Jalall Loalis] ¢ Jalgall Y Lalisy) cpe
il (TFP Jalgedl LSl Laliy) Ao ghall alaye abss 8l oy
Temp sl Glayy jud Jieall uatall cJalgall ISH Aaliy) ga bl
PR U ERVEC RPAREC IS LREN U7 IR G JCH S PRAREC I E IR Y
o 855all (SAY) algall (1o naal) i Sy cJalgall LASH Zalidl) S
b Abadly — IS ol LagleSll Jaig 313) e Jelpall GiSH Lalisy)
Jalal) = yuglailly Canll (galeai®¥) # Y Aoy ¢ yaladll ia¥) L)
¢ dalaliosmll Bagally 5 il Balus o ASlall Gsia (& Sidially — Guwsgall
G diadly = Gaad dases ) dadl caabad) jhag ¢ sldlly
Sy Grdall Jlall Oy claally ¢ lsally sljeslly dpmaall dSully 3kl
Gilavial) (3l Jascaiall elY) b Jicially — dudlially (gull 30US (— a2l
o=l Lyl b Jaaally — Ll alaill o Adla) datil) o~ Jaall Gsms
58 O (Sats (2020 ¢ us emb) (bl gl JL) Gy g paang
b sl oyl adanl) s gl ISl Ll da clysall ol
Letta & ) adsall )laill USea 8 sl ¢ Boudl (98 i3 calal) plud) i
bl DB (galaiB¥) FLaY) dapy — dakaldgenlly (Tol, 2019
obaal (K B lae cJalgall SN dalY) 4 55 Al dalsall e Gl
da) pSad bsie OsSs dblall Clydigall days GdgeS Clyrial) (s
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(O] ana — sligSll — (il by ASLa) Bsin — (saLaiBY) - L]
c el il il cilpriall sda e jas
@)y (Donadelli et al, 2022) J& (o ardiwddl zigaill e slael) 2
A Ll 220
TFP; . = Ci+ B1( Tiy) +VAGDP; ¢ + Vi + Eip v venvee v 1
SN Lal) e shall cilayy A0 il axdien (63 &3l G il
¢ mae s2gy) Jall Gass Jsd e Js2 6 (e AsSe dogena (B alsall
L)) Al e bl s axed (Glasadl siag Glasall daig) (bas
r Al J<al A1l Alally ) (mes degaas Joo (Sl e Jalgall

TFP;, = @+ B1( TEMP;,) + B,EG; , + &mmrhi

+ B4ELECT; ¢ + €; 4 veevvv e o 2

dapn TEMEBp & 2adlg i alsall b alsall 200 datiiy) TFPe (e
Al b o) il Jae i EGir ot duadly i dlsall o 5l
o ) @l ) Galal) et dwa e sl CREDIT ¢ f 30,
Al i elyeSl oDlgial e 2l s ELECT:e (£ 2uly 7 s
Glades e e Pay Pa s B2 5 P1s @ ( lsiad) Wil i of did)g
.z dgall
Pooled OLS:y ! sy ¢ bl z3saill Canliall il Caglad asaaily
Lagrange Multiplier Tests for Al Jasiws La :REM FEM,
Random Effects
«Pooled OLS zisai s w3l igld (35S 1HO (porall )
FEM 5 REM sa 2 il sl GsH T2 Jaadl G il L
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(HO) p222) (mjp =8y Jan 138 1 0.05 e S8 prvalue ded culS 13
il Golud s FEMs) REM) sy Vaag (HI) i) (il sl
e Jod i 1 0lh 0.05 e ST p-value das culS 13 L) bl
Jsaally cnliall il islad g Pooled OLS o) i 13 (HO) s
Ehal elas Jlad) mas (1) &)

bl caelias jlaal (1) o) Jsas

Lagrange Multiplier Tests for Random Effects

Null hypotheses: No effects

Alternative hypotheses: Two-sided (Breusch-Pagan) and
one-sided

(aII others) alternatives

Test Hypothesis

Cross-—
section Time Both
Breusch—-Pagan 165.6650 15.50798  181.1730

(0.1500)  (0.8901)  (0.1800)

Honda 12.87109  3.938017  11.88583
(0.3100) (0. 8901)  (0.3400)

King-Wu 12.87109  3.938017  13.41752
(0.3200)  (0.8900)  (0.3600)

Standardized Honda  21.00857 4.016242  9.925365
(0.2300) (0. 8901) (0.2600)
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Standardized King-
Wu 21.00857 4.016242 15.82821
(0.2700) (0. 8901) (0.2800)
Gourieroux, et al. — — 181.1730
(0.3200)

Eveiws]3 s yis (sl : jaadl
Breusch—Pagan Lasl < p-Value iai ;j s (1) bl Jeandl e
e Jod a Mlly 0.05 e ST (0.1500, 0.8901, 0.1800) (.
S (2) & Jsaally .Pooled OLS sa il il sll oy el
Pooled OLS islul alaaials z3salll yuai daiii eiagy

Pooled OLS a)xaiuls z3saill yads (2) Jsaa

Dependent Variable: TFP
Method: Panel Least Squares
Date: 12/07/24 Time: 19:39
Sample: 1991 2023

Periods included: 33
Cross—sections included: 6

Total panel (balanced) observations: 198

Variable Coefficient Std. Error t-Statistic Prob.

CREDIT 0.004297 0.000901-4.767729 0.0000
ELECT 0.000640 2.53E-05 25.31590 0.0000
TEMP 0.033596 0.003018 11.13314 0.0000

2025 (A saad) - 39 )
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EG 0.000467 0.003093-0.151079 0.8801
C 0.381449 0.076762-4.969264 0.0000
Mean dependent
R-squared 0.830035var 0.536736
Adjusted R- S.D. dependent
squared 0.826513var 0.305252
S.E. of Akaike info -
regression 0.127143criterion 1.262078
Sum squared -
resid 3.119918 Schwarz criterion 1.179041
Hannan-Quinn -
Log likelihood  129.9457criter. 1.228467
Durbin—-Watson
F-statistic 235.6324stat 0.265127
Prob(F-
statistic) 0.000000

Eveiws]3 cilayaa Hlaldl @ jaadll
A daly) e (Temp) slall dap a6 of a5 (2) &) Jsaall e
Jall Gass Jgo degena (b (Galls Joall JEG Gild ae asEll) Jalsall
Donadelli et ) dus ae i a5 Yo (s5ie vie (goina Ll il du)ka
Kopal Jgo 8 b 05 Bl dayy Gl ik of s A (al, 2022
ey e Lyl 0 L %10 sie Lilas) (gyinay Ly ysly Adledd
Grinas sb Blall dap il ey gl Kol B Lilaas) (gsina
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o do¥) Gl ad) ol MElLE.%10 ve Ly Lisi) Jss b Lilas)
Aaliy) e Blall cladl usal) LA agag s il Auhal (ag b
e DAl cuai il Law Jall gass Jg0 dsgana b Jalsall A
Lidy %] Gsiwe die Lilas) (gyine 5 suh (ELECT) slyeSll eDigicd
slo e Layil (GR) (sola@y) sailly (CREDIT) alall olasy)
GAY) algall Lacalls Wl clilian) (gyina 2 (Sly Jalgall ZASH dpalusy)
pblilly (Lilas) (spina Lyil (C) & dbicially Jalgall LASH Zaalid saasal
Lilas) siee e ol (jlly (CROSSID) Lilasl (ssine il 4l
.(DATEID)

Labor Productivity Jasl jaic dali) o §lall alaj 8l Wb
Blall sy gl fls ) jualic sal e Jaall juaie 2y :(LP)
o ade Gl Lol G Jead) Gagyl i 3 dalsy il IS
Ggiaall e elous Janll D) 3 Bisall algall (e all 2agiy s
el e (Sly clapey A5l clBlally slasall & Lsell Jia il
(ADB, 2022) dalall daalyy b 555all Jalsall (o wel) Liad aag U
dpatl) Qabiadl ¥l W) (il JW) Gy Jla) ) 35S i
Ly 2y Ll Us Ll ogylail) ~bay) Aoy cclplall aosn il
(dandl Zaaliy] e slall dajn il dadpn  Jead) Loty sasdd) Jalgall
S phall layys ol aieS (LP) deadl Gl aladnud ay g
ALl i) LNl b A oSan clyste pladiuly (Temp) ude
LE et ) luly 35 (GR) o) sai Jazag (HC) gyl JWl Gy (FDI)
.(AfDB, 2022 :al, 2019

th LS Alall oda 8 aslasiol g (53 £ 3sal
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LP;; = Ci+ B1(Tiz) + X¥iXie + €ip o oo 3
&b Bhall sy (Tie) Laallg | aleal) 3 Jalad) dalw) LB o cu
 sdall Uatl) Eir (o Sal e s L¥i Xir ot dndly i algal
p Al Ol 386 Ly auw Al laadV) dllyg

LP;, = Ci+ By (TEMP;,) + B,EG ;. + B3HC ;¢ + B4FDI ;;
+ El,t pem sEm mmEm mmm 4‘

Blyadl dayd (TEMP,,) ot dlly 7 As)l b Jalal) dal) LR o caa
ot Bl 7 Algal) b oola@®Y) sail) Joee OR e of 2aidly /a8
s sl FDL et asdly 7l b il Ju G AC i
L Slgdall Uadll Eip (£ asadly Faleal) & sl
Pooled OLS:y ¥l s ¢ bl z3saill Caliall il Caglad asaaily
Lagrange Multiplier Tests for i) Jexiws La :REM FEM,
Random Effects
«Pooled OLS z3sai s wDl i) uslud (50 1HO (gasal) ia il
N FEM o) REM s Dl il gl 06K HT: doad) (eajill Laiy
(HO) paall =iy Jay o o6 0.05 e BB p-value dad culs
ol slud s FEM) REM Giws Vaag (HI) doxl i) sl
s Jod i 1 0lh 0.05 e LS| p-value dad culS 13 L) bl
Jsaally canliad)l il islud sa Pooled OLS o) iz Vaas (HO) paal
Ebal elas Jlaal mas (3) &)

bl caelias sl (3) &8y Jsas

Lagrange Multiplier Tests for Random Effects

Null hypotheses: No effects
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Alternative hypotheses: Two-sided (Breusch-Pagan) and
one-sided
(aII others) alternatives
Test Hypothesis
Cross-—
section Time Both
Breusch—-Pagan 4559.323  9.317637 4568.641
(0. 21()2) (O. 9905) (O. 2501)
Honda 67.52276 -3.052480 45.58737
(0. 2502) (0.9989) (O. 2703)
King-Wu 67.52276 -3.052480 57.44924
(O. 8300) (0.9989) (O. 8502)
Standardized Honda  79.91560 -2.968871 45.88780
(O. 8302) (0.9985) (O. 8502)
Standardized King-
Wu 79.91560 -2.968871 61.96391
(O. 8502) (0.9985) (O. 8602)
Gourieroux, et al. — — 4559.323
(0. 8802)

Eveiws]3 cils aa lialld) @ Haadl)
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Breusch-Pagan sl b p-value iad o a3 (3) @ladl Jsaall e
cai Jad o by 0.05 e S (0. 2102, 0. 9905, 0. 2501) P
S (4) o) Jgaally .Pooled OLS sa auliall i) cuslud oy axal
Pooled OLS ishul alaaiuly z3salll yu daiii meiagy

Pooled OLS 1aaiuls zisalll o (4) Jgas

Dependent Variable: LP
Method: Panel Least Squares
Date: 12/09/24 Time: 21:13
Sample: 1991 2023

Periods included: 33
Cross-sections included: 11

Total panel (balanced) observations: 363

Variable Coefficient Std. Error t-Statistic  Prob.
FDI 18.42842 75.33873 0.244608 0.8069
HC 3704.085 419.3379 8.833176 0.0000
EG 28.36050 24.83948 1.141751 0.2543
TEMP -390.9663 62.35299 -6.270210 0.0000
C -12153.52 1581.852 -7.683095 0.0000
R-squared 0.274904 Mean dependent var 3423.202

Adjusted R-squared (.266803 S.D. dependent var 3485.662
S.E. of regression  2984.665  Akaike info criterion 18.85404
Sum squared resid  3.19E+(Q9  Schwarz criterion 18.90768

Log likelihood -3417.008 Hannan-Quinn criter. 18.87536
F-statistic 33.93201 Durbin-Watson stat (0.047475
2025 (AN asd) - 39 alaall 4 el byl g & gagll dgalad) Aol
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Prob(F-statistic) 0.000000

Eveiws]3 cilsyia Hliald) @ jaadl)

Jalal) Al e (Temp) shall dan il of a3 (4) &) Jsaal) e
S ¥l 2015 Alad &l jlendl Jalall Ll bl dulia (LA)
Sl A Jall Gmgn U3 Aegana b (illy Joall Ll Gl e sl
Uasd e S Ol ol wn Jally Bl (e vie ol (gyine Ll
o dalall dali] e ghall clapal uSal) 3l agag i (Ally Al
@il Jll )l laal (ggine 5l aagy NSy (i) (mgs st degane
bl ae i g %] de lWilas) Gginay dalall dalyl e (HO)
e (EG) @l sailly (FDI) i) HlénaN) 56 Ly cdalaay)
s @AY) Jalsall Dl (Lilias) (ggina e (Sly b Jalall Al
%1 xie Wilasl (gyinas b (O) zdsaills dnydll

Economic Growth ssuai®y) saill Jua Ao glhal) clas il A
(Romer, 1990; Barro, 1991; ) Jis (plad¥l o))¥ Gy :(EG)
Mankiw et al., 1992, King and Levine, 1993, Acemoglu et al.,
2001, Barro and Lee, 2013; Acemoglu and Johnson, 2014;
Squicciarini and Volgtldander, 2015, Hanushek et al., 2017).
saill cJanll juaic) lgaal dalgall o LESU o (lai@®) el adiag
By ¢ ol LhEGY)s (@l JW (s ol Ul ey SIS
gl sda b LSly o(oAdlal) Apailly codeilly ol ZUEY) (Cilissgal
sl e 2ol fne ol saill e slhall s ih e S5
S A (Burke, Hsiang, and Miguel, 2015) BHMJE (1o axiival)
cglai®y) sailly Hlall dajy Gn slie U a8 e Ao asal
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Bhall dap puye o ading (Gllg BHM 40 (63 oY) calidll 7 35ailly
toh WS (7emp2)

Jir=C; + y”ﬁi(Poori * Tl-,t) +pz(Poori * Tft) +B,

(Ri‘:hi * Ti,t) +ﬁ4(RiChi * Tiz,t) +ZYiXEt + & .5

GCP (10 Glgiw uad Baal 0l civad 9ot Jare e Bye it 1) Gua
Lshylly Hhall @layy dasdl alledl o sl LAY Ge () dds
- aeYls
Shalll € el dajy T oduall Jeall Rich; e J,a Poor;
e dnie o Kot el cull L3l ¥i (LAl filge CDERY Al
Lt oy hausieg SIS gall 3 Ahaally Ldhaally dalamy) oSl
L pdall Uadl) Eir ¢ jUas!
o Bhall ilays J s b adde alaeVh asii 53 zasaill oli Ml
zisall Lo i (Ao 11) dall pass Jsd desane b (alai®¥) sail
Jaal dilaie 8 af desenall Jsd maen 0¥ &al)l Joall dlain) pe il
fob LS 2 3saill (505 paitiall Jasgiall o (addiall
GR;, = a + B1(Temp;,) + B(Temp;,) + Ty X5 + € g

GR;: = a + B4(Temp; ;) + ﬁz(TemPEt) + Bspop;
+ Baprecipis + Ejp vn v wn 7

Ol 51 Jane POPie b dadlg £ algall i shall dapn Tig oo
Boandlg ©aloall 8 e dagie Jaee PTECID (B duly © gl s
sl Uadll Eip oz dgaill Slabes Bac B3 « B2.B1 @
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Pooled OLS:y ¥l s ¢ bl z3sall Canliall il Caglad asaaily
Lagrange Multiplier Tests for Al Jasiws La :REM FEM,
Random Effects
«Pooled OLS z3sai s wDWl i) uslud (50 1HO (asal) ia il
FEM o REM sa ) ol Cisladl s Jaadl ) Lt
(HO) paall G p (=8 Jan 138 8 0.05 (e B8 p-value dad cilS 1
ol Qslud g8 FEM) REM ins aag (HI) dosl ajdl) sk
U sl i 138 G 0.05 (e ST p-value dag culS 1Y) L el
Jsaally canlial) il islud sa Pooled OLS o) s Vaas (HU) pal
gibal elias Jlad) maag (5) o)

Ehal caelias Jlial (5) dsas

Lagrange Multiplier Tests for Random Effects

Null hypotheses: No effects

Alternative hypotheses: Two-sided (Breusch—Pagan) and
one-sided

(aII others) alternatives

Test Hypothesis

Cross—
section Time Both
Breusch—-Pagan 0.139304  0.555796  0.695099

(0.7090) (0.4560) (0.4044)

Honda 0.373234 -0.745517 -0.263244
(0.3545)  (0.7720)  (0-6038)
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King-Wu 0.373234 -0.745517 -0.037990
(0.3545)  (0.7720)  (0.5152)

Standardized Honda  1.486943 -0.659340 -4.886649
(0.0685) (0.7452) (1.0000)

Standardized King-
Wu 1.486943 -0.659340 -4.120919
(0.0685) (0.7452) (1.0000)

Gourieroux, et al. — — 0.139304
(0.5877)

Eveiws]3 cilayiaa Hliald) @ jaadll
Breusch—-Pagan ,\ia) b p-value iad of 13 (5) @bl Jsaall ¢
s Jsd & by 0.05 e LS| (0.7090, 0.4560, 0.4044)
.Pooled OLS s cauliddl ail) Caglad (g aall
Pooled sl aladiuls z3saill s dais aagy JUll (6) o8y Jsanlly
OLS
Pooled OLS ,1aaiul zigalll o (6) Jgas

Dependent Variable: GR
Method: Panel Least Squares
Date: 11/27/24 Time: 13:21
Sample: 1991 2023

Periods included: 33

Cross—sections included: 11
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Total panel (balanced) observations: 363

Variable Coefficient Std. Error t-Statistic  Prob.
POP 0.011769 0.019136 0.615019 0.5389
TEMP 3.170278 0.953744 3.324035 0.0010
TEMP2 -0.065446 0.019492 -3.357506 0.0009
PARTIC 0.001839 0.004501 0.408612 0.6831
C -57.74803 28.15189 -2.051302 0.0410
CROSSID 0.125443 0.058364 2.149327 0.0323
DATEID 2.91E-05 3.51E-05 0.828578 0.4079
R-squared 0.049694 Mean dependent var 2.425885

Adjusted R-squared
S.E. of regression
Sum squared resid

Log likelihood

F—statistic

0.033677
2.292869
1871.581
812.7593
3.102669

S.D. dependent var 2.332481
Akaike info criterion 4.516580
4.591679
Hannan-Quinn criter. 4.546432
Durbin-Watson stat 1.216921

Schwarz criterion

Prob(F-statistic) 0.005644

Eveiws]3 clajyia Hlald) @ jaadll
o @lai®Y) saill e(Temp) shall daps 5l o 223 (6) o) Jsaall (e
Pl (g v (gyinay olu il @iy Lo i) g Jg degane
Al agay s Gl Auball Gagd e BN (Al el s Uil
Wl Gass Jsd dssana B gl salll o Blall clasal sl
e oSy guh(Partic) ) hsius (Pop) SIS sal) il Lay
(O b dhdaly ela@®V) gaill sasaall ($AY) Jalsally cLilian!) (gsina
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Wlaal (goiea Ll Al adalally %5 (g dic Lilaa) (syina layils
sV Ailes L(DATEID) \ilas) gsina s 0)ils (ailly (CROSSID)
4 Axsall 325 2 3gaill 13g] 5084l

GR = 0.0121113240618*POP + 2.15835777246*TEMP - 0.0450669247168*TEMP? -
0.00403678534233*PRCIP - 22.8733267798

Jara o 5isall 5)hall dayn of Allall Cola) ddags () ass daladl Aabaddl o
(Temp= 23.9545 ) & sl Gass Jsd desana B (galaiBY) paill
saldl)

rdaleaidY) Lplailly o dgaill il e Al il ) Jeagil)

AU deag iR Mg Aub) Gagd ge I Gadl Gaby & -1
Gass o0 dsgana b Jalgall Al aliy) o glall clagal pusal)
i il of s Al (Donadelli et al, 2022) duy pa i 1385 ¢l
(ilas) (e s Ligydly Adledll el Jgo (8 la (15$ Bhal dn0
DEG (sSs Auginll Wl 8 Lilas) (grine ey ol Lyil s Ly
e G Y Ay Ly LRl Joo b Wilas) (g5iee ueg sk Hhall da o
by 4l
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