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BRESUMEMN

En este frabajo se esmdia el impacto en 13 temperaiura superficial, de 1993 a 2008, debido al crecimiento
urbano en el centro de Mexico v 13 sensibilidad del pronostico a cambios en la coberiura de suelo con base
en simmlaciones munericas de alta resolucion. El modelo Weather Fesearch and Forecasting (WEF) emplea
datos de cobertura de la tierra global Global Land Cover Characteristics (GLCC) creados a partir de ima-
genes del satelite WOAA-AVHER tomadas entre 1992 v 1993, Sin embargo, de 1990 a 2010 la poblacion
del pats ba crecido en un 29%, lo cual represents un incremento fmportante en la extension de las zonas
urbanas, particulammente en 3 parte central de la Repablica, donde en Ingares como el Estado de Mexico
o Tlaxcala la poblacion ha crecido en un 34% ¥ 33% respectivamente. Debido a lo anterior, con base en el
mapa de uso de suslo del 2009 del Instituto Nacional de Estadistica y Geozrafia (INEGI), en este trabajo se
actualiza la cobertura urbana en los datos de cobertara de la tierra usados por el modelo WEF para la malla
con resohucion de 30, A partir de dos simulaciones se hace un analisis de sensibilidad del pronostico de
temiperatura para la cindad de México ¥ su zona conurbada, st como para las cindades de Puebla y Tlaxca-
la. Se analizaron ocho sifios en donde el uso de suelo cambio de cobertura vegetal a coberiura urbana v se
encontro que la temperatora se ncrementd enire 0.5 v 5.0 °C. El promedio de las diferencias maximas en
temperahura 3 lo largo del ciclo dinmo es de 2.61 °C v el promedio de las diferencizs en temperatura a lo larzo
del periodo es de .66 °C. Las diferencias maximas se registran entre las 10000 v 15:00 horas (hora local).
La temperatura maxima promedio obtenida empleando los nuevos datos de cobertura urbana es de 26.96 °C,
mieniTas gue empleando los datos de coberbora urbana GLOC-1993 es dp 2563 °C. El meremenio promedio
de la temiperatura maima disria es de 1.33 °C v para la temiperahura numims disria de 0.12 °C. La hora en
la que se alcanza la temperatura maxima ocmre entre las 13:00 v 15:00 horas, mientras que la temperatura
minima se alcanza entre Las 4:00 v §00 horas. El rango promedio disrio usando nuevos datos arbanos es de
16.0 °C, mieniras que nsande datos de GLOC-1993 es de 14.9 °C. Estos resnltados nmesiran que el cambio
de cobermura vegetal a coberfura wrbana ba incrementando 13 temperamra de las cusiro zonas de esmdio.

ABSTRACT

The mapact on temperatare of the urban growth i cenfral Mexico from 1993 to 2009 and the sensitivity of
forecast to change in Land cowver are stadied nsing high resohrtion numerical simmlations. The mesoscale at-
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mospheric Westher Fesearch and Forecasting mode]l (WEF) uses Global Land Cover Characteristics (GLCC)
dama created from NOAA-AVHEER satellite images fom 1992 and 1993 However, from 19290 to 2010 the
populatien of the country grew 28%, which represents an important increase in the extension of urban areas,
particalarly i the central part of the country, where the population in places like State of Mexico and Tlaxcala
kas prown around 34 and 33%, respecavely. Due to the above, using the 2009 land use map of the Insdnamn
Macional de Estadistica v Geografia (TIMEGT, by its abbreviation in Spanish), in this study an update of the
30 resphation urban coverage data used by the WEF model 1= performed. A sensitvity stody is caried ot
for Mexico City and its sulnrbs, and for the cities of Puebla and Tlaxcsls. Eight sites are snalyzed whera
changes from vegetation cover to wrban cover ecour and temperature increases between 0.5 and 5.0 °C. The
average of the maxirmon differences n temperanre throughout the dinmal cycle is 2.61 °C and the mean of
the differences in the whole period is (L6686 5C. The mardnynm difference in temperanare is registered betwesn
the 10:00 and 15:00 houars (local ime). The average maximum temperatre using new urban data is 26 06 °C,
whereas usimg GLOC-1993 urban data is 2563 *C. The average increase n daily maximoom tenmperatire is
1.33 °C, and for the daily minimmn termperanare is 0012 °C. The maximum temperaiure is reached betwesn
13:00 and 15:00 hours, whereas the minmmum temperature is reached betwesn 4:00 and 6:00 kours. The
mean daily range using new urban data is 16.0 °C whereas nsing GLOC-1993 dam is 14.9 °C_ Fesults show
theat the change from vegetal cover to wrban increased the remperamre in the smdy area.

Eevwaords: WEF, land cover, urhan cover, weather forecast, temperature farorecast, Mexican Bepublic

1. Introduction

The Weather Fesearch and Forecasting model (WEF) (MCAE, 2009) 15 a mesoscale numerical
weather prediction system designed to serve both operational forecasting and atmosphenc
ressarch purposes. The effort to develop the WEEF 13 a collaborative parimershup betwrsan research
centers, government institutions and United States vniversities (MCAE, 2009). Static land cover
data meluded in the model to perform the forecast were obtained from the Global Land Cover
Characteristics (GLCC) database (Sertel er al, 2009) generated by the United States Geological
Survey (UUSGS). Ths database defmes 24 classes and has been obtained from satellite images taken
m 1992 and 1993 (Ban eral , 2010; Chen, 2007).

The expenential growth of the population 15 one of the vanous tansformations that have
ocomred i recent years in central Mexico., Between 1990 and 2010 there was a change in the
wrban development of the conntry. In 1990 the country recorded a population of 83.97 mallion
mhabitants, and for 2010 there were about 10840 (CONAPO, 2010). In particular, the states of
Puebla, Tlaxeala, Maxico and the Federal District are examples of diffarent prowth rates m the
country. Figure 1 shows the evolution that ocowrred in the four states mentioned above, for the
pentod 1990-2010.

The mmpact of urbamization on chimate of cities 1= well documented m the literature (Oke, 1973 ;
Jauregun, 2005). As cities grow, the nual-urban thermal confrast mereases (Oke, 1973 ; JTauregu,
2005; Estrada et al., 20097; the temperature m the cify nises compared to moral seftings, creating a
phenomenon called heat 1sland (Jawregui, 2005; Estrada eral , 2009). In addition, research on heat
1:land events has concluded that as the cities become bigzer, with less green areas, more mtense
and more frequent 1= the urban heat island effect (Jauregm, 2005; Estrada et al., 2009).

Although the WEF model 15 relatively new, a vaniety of studies to investizate the performance
of the model to changes m land cover has been conducted (Grossman-Clarke ef al., 2005; Fan et
al., 2010}, however thos kmd of work has not been applied to the case of Cenfral Mexico located
at fropical latindes and at average altitude of 2400 m above mean sea level. Studies using new
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Fig 1. Population growth for the period 1990-2010. ) Federal District, b} State of Mexico,
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land cover data collections like IGEP (Intemational Geosphere-Biosphere Programme) based on
images taken m 2001, snggest greater accuracy in forecast outpats (Fan e al., 20107, Considerng
the remarkable prowth expenenced by the whan land cover since 1993, the rather old GLCC land
cover data, and the whan coverage that cumently exasts, it 15 expected that weather, specifically
temperature, should be modified in the forecast when new whamzation data 15 used.

Therefore, using the WEF mods], this study exannnes the sensitivity of temperaturs forecast
to changes m whan coverage for a selected group of Mexican locations m the states of Puebla,
Tlaxcala, Mexico and the Federal District (Fig. 2), whach are representative of the wban population
growth m recent decades.

2. Land cover data in the WREF model

Currently, the WEF model version 3.0.1 has GLCC data from U5GS as input parameter for land
cover. This data 15 based on mmages of the WOAA-AVHEER (Advanced Very High Essoluton
Fadiomseter) satellite for the period Apml 1992 to March 1993, Available resolutions 1n this data
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Fig. 2. Map with sudy region.

collection are 307 (around 1 km), 2” (around 3.7 km), 57 (around 9.25 km), and 10° (around 18.5
k). This dataset defmes 24 classes which are prezented m Fipure 3.

The GLCC land cover of the WEF model 15 dismbuted m binary files that specify the static
gecgraphical data used by the pre-processing program GEOGRID (MCAR, 2009). The GEOGEID
program defines the model domam and interpolates the geographic data mentioned above to the
grid defined by the user. The static geographic data sets of land cover mterpolated with GEQGEID
are stored as 2-dimension (20} or 3-dimension (3D) arrangements wntten in a simple bimary raster
format. To interpret this raster format, the program GEOGERID makes use of the files GEOGERID.
TBL and INDEX (IMCAFE, 2009). 2D ammays are wntten to a file without a header row by row. In
particular, for the resolution of 307, the GLCC land cover 15 drided mto 1200= 1200 arrays where
each array represents a 107 = 107 subset.

To convert GLOC land cover data mto a thematic map format, 1t 15 necessary to interpret the
binary files from GEOGEID. For Mexico 12 of the 648 binary files defined m the WEF modsl
static data are used. The resultmg thematic map 15 shown in Figure 3.
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Fig. 3. Land cowver themaric map and classes defined by GLCC in the WEF model

3. New data of urban locations for Mexico

There 15 a large difference n the wrbamization of central Mexico between the year 1993 and the
crent wbamzation. The population change between 1993 and 2009 (CONAPQ, 2009) 15 shown
in Table I. The State of Mexico 15 the most populated region of the country with aroumd 14 mllion
inhabitants (14% of the national population); it has a total area of 22357 km® covering 1.1% of
the swface of the country. On the other hand, the Fedaral District, which 1= the seat of the Faderal
Government and is the political and economic center of the country, covers an area of 1452 km?*
representmg 0. 1% of the surface of Mexico, with a population of eight pmllion. Another region with
a large number of people is the state of Puebla; it has a population of more than five million in an
area of 34 290 km*. Finally, Tlaxcala has an area of 3 991 km® representing 0.2% of the surface of
the country with a population of about one milhon

Table I. Evolution of the population in Mexico and central Mexico states.

Locality 1883 2000 % increase
Mexico BETI2004 107 3530687 21.18
Tlaxcala 851147 1134844 33.33
Puehbla 4522713 5651371 24.95
Federal District B4E1 064 BE410104 4.25
State of Mexico 11040075 14837208 34.39

The webpage of the INEGI provides the 2002 municipal geostatistical framework (INEGI,
2009, n which wrban locations can be found in shapefile format. The geographic data has a
Lambert Conformal Come projection (CCL) with ITEFY? reference datum. Using this product
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and comparnng 1t with the whanization obtained m the GLCOC-1993 land cover (default WEF
land cover), the difference between the two land cover products 13 evident (Fiz. 4).

ﬁ o ”;v:h e

T Z
; A i
i o i - Y
o e 7 {*«H&a L \
™ rﬁx PR

SRR O N

Fig. 4 Comparisoa of the urban cover in GLOC 1993 and INEGI 2004¢. In
red the WEF dafault cover, based on GLOC 1993 in blue the vwoban area from
IMEGT 2009 data.

4, Configuration of numerical experiments

The model used to perform the simmlation for this study was the Advanced Research WEF (AFW)
version 3.0.1. The simulation was performed usmg three nested domains (Fig. 5) covermg all of
Mexico. The hghest resolution domain has a grnid of 541 = 37] points and approxmately 1 km of
honzontal reselution; both land cover data sources for this domam, GLOC-1993 and INEGI-2002,
have a resolution of 307,

Fiz. 5. Domains defined for the
domain with a dimension of
157=110 prints and a resoluton
approximately of 20 km, the
second domsin with a dimension of
258=169 points and grid resolntion
of 6.7 km, and the third domain
with a dimension of 541 =371 zrid
points with approximately 1 km of
resolution.
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A 120 hour simmlation was performed m forecast mode with howurdy cutputs beginming Faly 27,
2010 at 0Z and ending Aungnst 1, 2010 at 0Z. This period was chosen smee there were no extreme
events that could have caused stromg winds or precipitation, abdecting the heat 1sland effect. It
was a typical period of the second half of Tuly with a high pressure over the Gulf of Mexico and
the presence of easterly waves coming from the Canbbean Sea. On Tuly 27, when the numerical
sirmilations begin, there was a high pressure systen with center over the western Atlanfic Ocean
with the maxmm pressure located north of the Bahamas and extending mto the Gulf of Mexico.
On the Mexican coasts of the Gulf of Mexico there were predominant southeasterly wimds and the
presence of a fropical wave over the Yucatan Penmsula. Another tropical wave was over central
Mexico with a weak low pressure associated to if. Dharng the simulation period the wave on
the Tucatan Pemnsula movved westward during 27, crossing the Bay of Campeche and reaching
the mddle of the country by July 28 at 0:00Z. A lngh pressure system also developed over the
northeastern Gulf of Mexico which rernamed there durmg the rast of the simulated pertod, with
small erratic movements west-southwestorard. This lugh pressure caunsed the tropical waves to
move west-northwestward crossmng Mexico.

For the simmlations the WEF model confipuration nuses a Mercator projection, with a ime-step
of 90 =, 35 vertical levels defmed as in Figure & and one-way nesting. Schemes used in the mode]
plovsics are: Kam-Fritsch cummlus parametenization, Thermal Diffusion Scheme as Land Surface
Model, EETM (Bapid Radiative Transfer Model) for longwave radiation, Dudhia for shortwave
radiation and Yonse: University (T51) scheme for the boundary laver (INCAER., 2009). The initial
and boundary conditions were taken from the GFS global modsl, specifically 0Z data, which ara
available openly (GFS, 2008). An analysis for sorface (2 m) temperature and vertical lavel different
temperature 15 performed hare.

- Eca |nesls

z =

18 ——, B S

18

Fig. 6. Vertical levels defined in the model.
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Table IT. Localization of the stady sites for each region.

Laocalizati Lasitnde/Lonsitd
State of Mexico (EM1) 197307 568 -QO* 137 51.27
State of Mexico (EMI) 19729728 37 00" 16° 123
Federal District (DF1) 1973272587 00" 09° B.§
Federal District (DF2) 19% 117427 00 0" 30.57
Puebla (PUEL) 19%07° 152" -D8° 18°7.97
Puebla (PUE2) 197197 5087 Q8" 297 5427
Tlaxcala (TLAX]) 197173767 Q8" 147 30467
Tlaxcala (TLAX?) 19507 1527 -DE* 117417

5. Results

The mumserical simmlation was performed mamby to stedy four regrons m central Mexco(Fig. 2). Eight
sites were analyzed whete thers has been a change from vegetation cover to urban cover. The location
of each site 15 shown in Table IT and a map with these sites can be seen m Figure 7. Particularly, the
twro sites discussed for the State of Mexico are on the Wanucalpan county. The fust site 1denfified as
EM] 15 part of an urbanized area in INEGI-200% data and in GLOC-1993 the site 15 identified as part
of a grassland cover. The second site analyzed, EMZ, on INEGI-2009 whan cover data 1s part of
a residenfial area that borders Wancalpan whale in GLOC-1993 15 part of grassland coverage. The
first site m the Federal Distriet, DF 1, 13 located in the northeast lomits of the Gustave A Madero
comnty. In INEGI-2009 land cover this site 15 part of a residential area while in GLCC-1993 this
site 15 part of an area covered by trees. The sacond site, DF2, 15 located in the Milpa Alta coumty,
south of the Federal Dhstniet. In INEGI-2009 thus site 15 inside a residential area while m GLCC-
1993 the site has grass coverage. Both sites are located at the outskirts of the Federal Distnet,
one to the north and the other to the sowth. The first site analyzed for Puebla, PUEL 1s located
m the town of Santa Mana Coronamgo. The site 15 cwrrently part of an whamzed area while in
GLCC-1993 has vegetation coverage. The second site anabyzed, PUE2, 15 located m San Matias
Tlalancaleca located at the northwest of Puebla city, now with crop land cover whule in GLCC-
1993 has grassland coverage. In the state of Tlaxcala the site TLAX] is located near the road to
Hativitas in a region with woodland coverage. In GLCC-1993 data thas sife has shrub cover. The
last site TLAX? 15 located m San Pablo del Monte, m southern Tlaxcala inside a farmland cover.
In GLCC-1993 data the sifte has grass coverage.

LT

;{J ". x : r.h JLAXI :‘“_J
,."{ :"—“:i—fw1 Fl.ll‘i'-:ﬁ::h'i

i w—fhﬂ\ | Fig. 7. Location of the eight sites of

5lutt_1r over the urban cover, INEGI-2009
A (blue} and GLOC-1983 (red).
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Tabla ITT showes the maximum temperahures recorded in the five days studied period. In genaral,

an average merease 15 observed m the daihy maxmyum temperature of 1.33 °C, which ocouws betwreen

13:00 and 15:00 hours (Jocal fime). Table IV shows the minimmomy temperatures and for the daily
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muinirmmy femperature the average increase 15 0,12 °C and this 1= reached betwean 4:00 and 7-00
howrs (Jocal ime}. Table WV shows the mean range change for each site. The daily temperature range in
average using new data 15 16.0°C whereas using old data 15 14.9°C. Table VI illustrates the maximmonn

0oe 009 o9 0D 0% 0D 00 0D 0D OD9

- 26 696 EG 6 o Lk L6 11 a1t o1 [y oG CXWLL
009 00O OFG  ODF OFE 009 009 009 ODF 0D

W0 TTILOSTIL 0L 901 L0l 011 £T1 9T 911 S0 90l L00 IXVIL
009 009 0BG 009 OB 009 009 0D 0D 009

W0~ §66  6¥6  $6  ¥e 06 Te 16 Te w0l 90l €6 1% Tiand
009 O0% 0BG 009 OFE  00F 009 0D 009 0D

TR B £ NN 4 S A4 N i N 4 N 4 N A4 S 3 NS - SN A AR | 140d
0L OeE  OF9 DG O 0D D09 DG ODhiE 0%

E10 1901 wd L1 ol B F ol ot £01 £l F1l (1 Fil A
e oph QXL 0D QD9 0D 0D oL DDie 00D

210 U1 1L FoOl LD Fll F11 o £l &1 b | ¥l £ 140
OO'9 D09 OFO DO OFF  O0F OO0 DD ODD D09

g0 STl €601 e Ve 6% €6 SIL 1TL &0 LTL €0l 1D N
009 009 OFG ODE OFG 00F 00% 009 0D 009

600~ FUTL WTL 6% ®6 €01 &6 €I LTL L1100 €TT 0 FIT L0 WA

sompagp 0210 IDANL 3010 IDANI D00 IOANI 2070 IOANI O010 I0GNI D019 108N

um.E_.._._L. OILIVIE O17L0DE O17LOVGT O1/LVET OT/LVET il g |

s usany (s eoo() moH ; Oy

" AP St Jo S0 (P 10§ PoTiad UOKEIIILS S UL popiocal amjeladu) UM A AqUL



Weather forecast sensitivity to changes in urban land covers 137

Table V. Mean divrmal terpersiure range change for each one

of the stody sites.

INEGI-2009 GLCC-1993 AT
Localization

C)

EN1 1633 14.54 148
En2 14503 15.13 ng
DF1 1583 14.91 0.a2
DF2 1586 14.76 1.1
FUE1 1544 14.52 0.a7
PUEZ 14655 15.48 L7
TLAZX] 1523 13.59 1.5
TLAXZ 1748 15.86 1.53

Table VI Maxinnum differences in temperamre between the tao simulations durimg the entire period for
each one of the sites sudied. Munbers in bold mdicate the overall mastinmom difference in temperatuore
and the local dme when it was reached, for each of the sites.

] 280710 20T 3080710 3070

Localization Average
*C { Hour (local time)
EMI 30/11:00  3.1/11:00 3.1/12:00 24/11:00 32100 30
EM2 2.0/12:00  24/11:00 26/12:00 2271100 26/1300 24
DF1 32/10:00 3.4/11:00 39/18:00 23/11:00 36/11:00 33
DF2 23/10:00 3271300 25/13:00 2271300 24/1100 @ 25
PUE] 23/10:00  53/14:00 20/12:00 2071300 24/1300 @ 28
PUE2 19/10:00 16900  35/1600 16/10:00 17/1400 @ 21
TLAX1 22/12:00  30/14:00 15/12:00 15/11:00 26/1400 @ 22
TLAX? 26/11:00 36/1500 26/10:00  20/900 29/1100 27

differences in temperature recorded between the twro smmulations for the five dayvs of smlation for
gach of the surveved sites. The difference 15 obtained by subbacting the temperahre field obtamed
usmg GLOC-1993 data from the temperature field obtamed wang INEGI-2009 temperahore data.
The average of the daily maomum differences m temperature 1z 2.61 *C and the average of the
differences 15 0,66 “C. The maomum differences m temperature are registered between 10200 and
15:00 hors (Joeal tomea).

Figures § through 11 show the details of the time evolution of the temperature and the change
in the simmlation for particular sifes. The femperature series evolution using GLOC-1993 and
INEGI-200%9 whan cover data can be seen in panels b of Figures 8, 9, 10 and 11, for sites EM2,
DF2, PUEla, TLAX] respectively and the diffsrence betweesn thess two temperature seres 1s
presented in panels of Figures 8, 9, 19 and 11. In general, the temperature 15 lugher most of the
time when the INEGI-2009 urban cover 15 used. Also, note that the change from soil smface to
urban coverage increased the temperature.

Fesults for the eight sites show a doomal eyvele with greater amplitnde and higher maanim
temperatures when data from 2009 whan locations 15 used. Largest temperature differences are
chserved in the moming, when the temperature 13 ismg (Figures 8-11).
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Table VII. Mean differences of
temperamres in the sirmmlation
period for each of the eight sites

of smdy.

Ilean differences (°C)
Enl 059
Eni2 07a
DF1 072
DF2 058
FUEL 070
PUE2 037
TLAXI 0.8l
TLAXZ 07

Table VII presents the average differences considenng the entire temperature senes for each
of the eight sites of study. These results show that the temperature increaszes by more than 0.5 °C
when INEGI-2009 whan cover data 15 used.

Figure 12 presents houwrly maps, from 10:00 fo 15:00 hours (local time), of the temperature
difference for day four of the simmlation. The maps show the evolution of the temperature difference
m Mexico City and the State of Mexico. The heat 15]and begins to form around 8:00 hours and begins
to fade around 16:00 bows, spreadmg from east to west. If can be obsarved that in places where there
was already wban coverage (central and northem Mexico City) the temperature 15 barely affected
although these areas are surrounded by those that changed land use. Figure 13 shows the temperature
difference at 11:00 howrs for each of the five davs of the sitmlation. It can be seen that m most of the
new whan areas, included m INEGI-2009 whan cover, temperatire tends to be higher. Temperature
merease vanes from 0.5 to 3 °C; also 1t can be observed that the temperature rise 15 higher in large
wrban cenfers compared to nuzl areas, as shown m Jaureg (2003) the whamzation 15 producing a
heat island which is contributing to climates with higher temperatures.

In Fizure 14 the heat island 15 shown for the 11 homs (local ttme) for the fve-day smmulation
at different vertical levels. The heat 1sland remams from 30 to 4700 m approximately {or model
levels 1-8).

Figures 15 and 16 show the temperaturs m vertical cross-sections for specific latitudes and
longitudes. Here the temperature anomaly 13 observed up to around 800 m above swface or model
lewel 7.

3.1 Analvsiz of historical data
A historical data analysis to investigate the trends of the maxipmim and pyiminvm temperatures for
sites with stmilar land use change to the e1ght sites previoushy studied 1s performed. Figure 17 and
Table VIII show the locations of the 15 stations analyzed and the observed period.

The analysis was camied ouf to study the long-term trends for 13 weather stations distribated
m the four study regions, three located in the Federal Dhstrict, seven in the State of Mexico, two
m Puebla and three mn Tlaxcala. The analysis considered the monthly averages for the month of
Jaly, which is the month of simmlation, for maximuom and minmmam temperature obtained by the
Servicio Meteorologico Nacional (SMN, by 1fs abbrewiation m Spamsh).
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Fig. 12, Evolution of 2 m temperature difference observed in the simulations 23 10:00 hoars, B) 11:00
houars, ¢ 12 hours, d) 13:00 hours, ) 14:00 hours and £) 15:00 hours.

We identified time series covering longer pericds and the trend was estimated considering
only the records that contam data from 31 days of Tuly. In crder to calculate the trends, we used
the method of least squares and the uncertamty of the slope was caleulated at 95% confidencs
(Zavala-Hidalgo er al., 2010). The trend, 1.e. the average merease per month 15 caleulated by the
followmg equation:
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Fig. 15 a). Temperature cross section for latinede 1952, b) Temperatars
cross section for lomgitnde —98_ 81, ) Map with temperature difference
for first-day simulation, the solid lines indicate the location of the vertical
cross sections in 8) and b
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Cross seciions in a) and &),
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Fig 17. Location of climatological stations.

Table VIIL Stanon locaxtions and dam period.

Region Station Latimde Longitude Period

Federal District 0020 10° 17" 48.0" —59" 10° 55.97 1967-2008
Federal District 0038 197 22" 00” —99° 167 00" 1954-1988
Federal District 0039 19° 23" 49.9~ —99° 127 45" 1954-1988
State of Mexico 15013 197 32° 03" 99" 14721 .97 1961-2008
State of Mexico 15020 187 15* 29.6" —08* 537 4497 1967-2007
State of Mexico 15030 10° 247 187 —00® 337 47" 1061-2005
State of Mexico 15047 107 33" 46" 09" 127 56,97 1969-2008
State of Mexico 15040 10° 17 4.6 59" 307 42.97 1943-2007
State of Mexico 15089 18° 17 319" —00° 467 D4 1939-2006
State of Mexico 15126 19° 17" 279" —99° 42° 51" 1968-2006
Puebla 21035 19° 00" 44.9" —9g8* 117 35" 1954-2006
Puebla 21046 197 09" 42 6" —0g* 24 23" 15465-1998
Tlaxcala 20002 10° 247 567 —08® 08 4™ 1951-2004
Tlaxcala 20011 10° 18" 56.0 97" 54730 97 1045-2004
Tlaxcala 20030 18° 19" 267 —0B® 147 48" 1962-2004

ﬂ'i!.l'lﬂr= E{Il_ml _F}

where x, are the dates on whach there are observations, y,the observations, ¥ and ¥ are the average

T 57

of x, and ¥, respectrrely.

15 the number of ohservations:

Lncartamfy = 5E = CF

SE

E {}‘Il _.}‘lll.:F
_2'}2 fx,—

Standard error was caleulated using the following equation:

Vg

The wmcertainty m the slope was caleulated as the product of the standard emror (3E) and the
critical valoe (CV) obtained from the r-Stedent distribution with n-2 degrees of freedom, where n
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where # are the values estimated from the straight-lme fit by methed of least squares.
The analy=is of trends for muminmmm and maximmm temperature for the different stations 15 shown
mn Figures 18-21. In these fipures the menthly average for Faly by year 1s indicated by black dots
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trends. See Fig. 17 for location of the sites.
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Fig. 17 for locaton of the sites.

and red line, the maxmm temperature for the 31 days of each July 15 shown m blue Ime and the
estimated trend is shown in thick black Iines. Table IX summarizes the trends for masximmm and
mimimum temperatures for the 15 stations analyzed.

Tt 15 noteworthoy that the stations analyzed have a positive frend 1n maximum temperaturs whle
m muimmium temperature posifive and negative trends are obtamed, but there are more frequent
negative trends.

Easulis show for maxmum temperature a lower posifive trend 1o the statton 13020 with 0.004
=0.027 °C year”" and the largest positive trend in the station 15126 with 0.090 = 0.028 °C year™,
both mn the State of Mexico. Four stations have negative trends (2038, 15049, 15089, 29011); the
trend in stations, 9038 and 15049 15 —0.001 °C vear™, that 15 smaller than the negatrve trends in
stations 15089 and 29011, For mminum temperature the trends are between —0.078 = 0.022 °C
vear' and 0.034 = 0.021 *C year™.

The average trend for maxinmm temperatura iz 0.03 °C year! and 0.0 °C year™' for mminmm
temperature. These trends, with more merease in the maanmm than m the mmirmim temperatures
are consistent with the simmlations results. Moreover, Englehart and Douglas (2005) showed for
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33, 1y, oy Mdinmoum temperaiure mends. See Fig. 17 for location of the sites,

Mexico that the trend of divmal range n surface temperatures (DTE = masdmmm — miminming
temperature) 15 sigmficantly positive and therefore the daily maxmum temmperature imcrease faster
than the daily mmimmm temperature. One possible explanation given 15 that regional land wse and
land eover changes are identified as potential foremg mechamsms responsible for at least part of
the ohzarved DTE behavior
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6. Conclusions

Land cover in the central part of Mexico had considerabls changes m a melatvely short fime,
extending the urban areas and causing a temperature increase. Based on simulations using the WEF
model with a new whan cover data, it 15 shown that regions that changed their vegetation cover
into urban areas have higher temperatres with a larger dinrnal temperatore range and maximum
temperature. Specifically, for four entihes m the center of the counfry: State of Mexico, Federal
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Table . Trends of mininnom and maximum femperatire fior the 15 stations
amalyzed
_ Trend [*C year]
Station
Maxirmom tenperatirs Mimimnm ternperature
Q020 0.070 = 0.034 —0.00 = 0.015
Q038 0001 £ 0046 —0.008 = 0.018
2039 0.033 = 01062 0.0 = 0.053
15013 0057 = 00021 0.034 =0.013
15020 000 = 0027 —0.078 =0.022
15030 0024 = 00020 0011 = 0,035
15047 0,060 = 0,051 0.053 = 0.022
15049 0001 = 0.013 0.013 = 0.015
15089 0016 £ 0.021 0011 =0.013
15124 0000 + 0,028 0.007 = 0.029
21035 0022 +0.019 0.001 =0.013
21044 0069 = 0033 0.013=0017
20002 0009 = 00017 —0.015=0.018
2011 —038 = 0018 —0.054 =0.017
20030 0.040 = 0,022 0.024 = 0.021

Dhistriet, Puebla and Tlaxeala, the temnperatire rises between 0.5 and 5 °C m whan areas. Also the
average temperature increzse of a sef of sites 15 larger for the daly maomwm temperature (1.33 °C)
tham for the daily punmom termperatore (0,12 °C).

In particular the heat 1sland m Mexico City and the State of Mexico 15 formed with temperature
anomalies that extend approxmmately 800 m from the surface.

In addition, the results of the analysis of historical data show generally increasing trends in
maximum temperature betwesn 0004 = 0.027 °C year™ and 0.090 = 0028 °C year”, while the
minimmm femperature trends are both posttive and negatrve, but there are more frequent negatrve
trends. The average trend for the masmm temperature is .03 °C year, while that for the mininmm
temperature 15 0.0 °C year.
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The WEF mode] has different options for Land Surface Modals (LSM) hke the Simople Soil
Themmal Diffusion, the MOAH scheme, and the Rapid Update Cycle. Previous studies havve shown
that processes at the surface of the earth greafly affect the temperature forecast (Jm et al., 2010},
Future work should study such schemes on simulations m forecast mode combined with the new
land cover product in the central part of Mexico, in order to improve model performanee.
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